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ABSTRACT

The genus Epioblasma consists of 20 species and eight subspecies, of which 15 species and four sub-
species are presumed or probably extinct. Remaining taxa are considered endangered or threatened
largely due o habitat destruction or modification, We conducted a molecular genetic study on all
koown extant populations of two federally endangered freshwater Epioblasme species: the tan riffle-
shell, E. florentine walkeri (Wilson & Clark, 1914), and oyster mussel, £, capeagformis (Lea, 1834}, to deter-
mine the extent of genetic variation within and among populations of the two species, Mitochondrial
DNA sequence data from two protein-coding genes (COY and NDI} failed to differentiate F. capsae
Jormisfrom E. [ walkeri, Molecular vaifation within and between the two species does not exceed limits
observed within Epioblasma brevidens, although substantial genetic differences are observed among
E. brevidens, E. trigueira wnd E. capsasformis + E. floventing walkeri. Although data do not support the
recognition of the two taxa as separate phylogenetic species, they still warrant endangered status due to
the fact that few reproducing populations are known. Life history and population biology studies have
aiready been conducted on the stugle known extant reproducing population of nominal F. £ walkeri.
However, similar comparative studies should be conducted on the different mantle-pad morphs of
nominal E. eapsagformis populations to provide valuable data for more effective management of the

recovery of the phylogenetic species and to further test our hypethesis,

INTRODUCTION

Unionid bivalves are one of the most imperiled groups of ani-
mals in the world, with 70% of the recognized species in North
America considered extinct, endangered, threatened or of
special concern (Willlams, Warren, Cummings, Harris & Neves,
1993; Neves, Bogan, Williams, Ahlstedt & Hartfield, 1997; Master,
Flack & Stein, 1998). One of the centres of greatest diversity
in Naorth America is the Tennessee-Cumberland basin of the
southeastern United States (Parmalee & Bogan, 1998). Historic-
ally, 111 unionid taxa were found in the o river systems,
mcluding 35 endemics (Stamnes & Bogan, 1988), The genus

- Epiohlasmawas once widely distributed across the Tennessee and
Cumberland sysierns, but 13 species and four subspecies are
now presumed extinct due to habitat destruction or modifica-
tion (Williams e al, 1993; Neves et al, 1997). Cuirently consist-
ingof 20 species and eight subspecies (Targeon, Quinn, Bogan,
Coan, Hochberg, Lyons, Mikkelsen, Neves, Roper, Rosenberyg,
Roth, Scheltema, Thompsen, Vecchione & Williams, 1948}, the
getus is noted for the presence of often extreme sexuval dimor-
phism in shell shape, which is filled bya fleshy, soft, mantle pad
apparently used as a fish-host artractant. Little is known about
the life histories and habitat requirements of the remaining
extant Eprioblasma taxa, and all butone (F. triquetra) ave federally
listed as endangered. Epichlasma tiguetra'is considered im-
periled, butnotfederallylisted.

Many taxonomic guestions remain unanswered due to the
uncertainty of whether shell variation represents z response
to envirommental conditions or genetically-based diagnostic
characteristics (e.g. Williams & Mulvey, 1994) . The vast majority
of currently recognized unionid species are based on interpreta.
tions of how to partition qualitative shell differences, although
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recent stadies have coupled genetic data along with shell char-
acteristics (Mulvey, Lydeard, Pyer, Hicks, Brim-Box, Williatns 8
Butler, 1997; Hoeh, Bogan, Cummings & Gutirnan, 1998; King,
Eackles, Gjetvaj & Hoeh, 1999; Lydeard, Minton & Williams,
20600; Hoeh, Bogan & Heard, 2001). Whether species are deemed

* valid or not alters our curtent views of conservation status, dis-

tribution and general biodiversity assessment (Lydeard of 4f,
2006). This, in turn, may influence the management or active
recovery plan for federally or state listed species (Lydeard &
Roe, 1998} .

We conducted a molecular genetic study on populations of
two federally endangered freshwater Epioblasma species, the
wn riffleshell, E, florenting walkeri (Wilson & Clark, 1914), and
oyster mussel, E. capsaeformis (Lea, 1834) . Eploblasma capsacformis
(Lea, 1834) was formerly found throughout the Tennessee and
Cumberland River systems in Virginia, Tenmessee, northern
Alabama and Kentucky. Currently, it persists at extremely low
numbers in three locales: (1) the Nalichucky River, Tennessee
(extremely rare, only three specimens found since 1980): (2)
the Clinch River (now rare in Virginia, but still relatively con-
mon i Tennessee), and (3) the Duck River, Tennessee. It is
listed as federally endangered [United States Fisheries and

- Wildlife Service (USFWS}, 1997, but has no approved recovery

plan. Epioblasma f. walkeri (Wilson & Clark, 1814) is considered
the Tennessee basin, headwater form of E. f. florenting, which is
now presumed extinet (Parmalee & Bogan, 1998). Epichlosma
J- walkeri has also been reported historically throughout the
Cumberland drainage, including the Stones, Red and Harpeth
tivers (USFWS, 1984), Four extant populations of Epioblasma
J. walkeri ave known: (1) Big South Fork, Cumberland River,
Termessee and Kentucky (reproducing populations); (2) Indian
Creek (uibutary 1o upper Clinch River, Virginia); (3) Hiwassee
River, Tennessee (extremely rare, one live female found in
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1899}; and (4) Middle Fork Holston River, Virginia (exwremely
rare, one live male found in 1997). One other relatively recent
popuiation of £ f. walkeri from the Clinck River below Indian
Creek, was extirpated in 1999 from a chemical spill. Epiohlasma
floventinag curtisi is presumably a member of the same species,
but is distributed allopatrically in the Spring River system of
Arkansas and Missouri. It is listed federally as endangered and,
ajthough a recovery plan has been developed for the taxon
(USFWS, 1986}, it is now probably extinct (5. Ahlsteds, personal
communication).

The objective of this siudy was to determine the degree of
genetic differentiation among extant populations of Epivblasma
florentina walkeri and E. capsogformis. We chose to focus dur
efforts on mitochondrial DNA (mtNA) sequence data becanse
ot DNA haplotypes have 2 smailer effective population size and,
therefore, coalesce four timnes more rapidly than nuclear mark-
ers (Moore, 1995; Wiens & Penkrot, 2002). In addition, we were
interested in testing the validity of the two recognized morpho-
species using the Phylogenetic Species Concept (sensu Mishler
& Theriot, 2000}, A phylogenetic species is the smallest morio-
phyletic group deemed worthy of formal recognition, because
of the amount of support for monophyly and/or because of its
importance in biclogical processes operating on the lineage in
guestion (Mishler & Theriog, 2000). ) :

MATERIALS ANT} METHODS

Specimens and vouchers

Permission was obtained to collect a limited number of
Eprioblasma copsasformis {n = 4}, E f. walkeri{n = 3}, E. brevidens
{n=4) and E, rigustra (n = 1} specimens or remove tissue clips
from the edge of the mantle without killing the animal from
extant populations, under the auspices of federnl collecting
permits SA96-31 to Paul Haxtfield and C. Lydeard, and SAG0-14

tw C. Lydeard. Given the rarity or endangered status of the -

study taxa, sample stzes were extremely limited. Specimens of
Lampsilis siliquoideq, Villosa taeniata and V. villssa were included
28 outgroup lampsiline taxa (Lydeard, Mulvey & Diavis, 1996;
Graf & OFoighil, 1999). Tabie 1 lists the taxa, localities and
tdesue sources included in the present shxdy. Voucher material
of Epichlasma specimens are deposited at the University of
Alsbama Untonid Coliection {UAUG).

DINA processing sequence procurement, alignment and
analysis

Whole genomic DNA was extracted from mantle tssue from
specimens using standard phenol/chloroform - extraction
methads followed by ethanol precipltation as described in Roe
& Lydeard {1998). Inidally, a 650-hase pair (bp) region of the
cytochrome oxidase CsubunitI (COI) gene wasamplified using
primers LCO1490 and HCOZ2198 (Folmer, Hoeh, Black &
Vrijenhoek, 1984), and sequenced using standard amplification
parameters described in Roe & Lydeard (1998} and Lydeard e
al. {2000). Our pilot study examining one Epiohlasma capsae
Jormis, two E. f. walkeri, one E. brevidens, one E. triguetra and two
Lampsilis siliquoidea specimens reveated litile variation within a
449-bp aligned data matrix of COJ (see results below), therefore
a 760-bp region of the 5'-end of the first subunit of the NADH
dehydrogenase (NDI) gene was amplified using primers Leu-
uurF (8-TGGCAGAAAAGTGCATCAGATTAAAGGS') and NIJ-
12073 (5" TCCOAATTCTCCTTCTGCAAAGTCS). ND1 and
NDlflanking primers were designed based on examination
of the complete mitachondrial genome sequence of Lompsilis
ornata (J. M, Serb & C. Lydeard, unpublished data). LevanuF
was designed from an alignment of EethNA. which included

sequence of Lampsilis ornata, Drosophila melonogasterand various
molluscan mt genomes available on GenBank {Benson, Karsch-
Mizrachi, Lipman, Ostell, Rapp & Wheeler, 2000), NIf-12073
was modified from NI-N-12051 (Simon, Frati, Beckenbach,
Crespd, Liu & Flook, 1994). Reactions were amplified for 34
cyclesat 94°Cfor 405, 56°C for 60 s and 68°C for 90+, Sequencing
of all specimens was conducted using Big Dye (Perkin Elmer)
terminator cycle sequencing, and the products were visualized
using an ABI373 or ABI3100 automated sequencer.

Sequences were initially entered into the software program -
KESEE (Ver. 3.0, Cabot & Beckenbach, 19809). A visual align-
mentwas constructed by eye, The aligned data martrices are avail-
able electronically from the authors, and individual sequences
have been submitted to GenBank (see Table 1 for accéssion
codes). Parsimony analysis was performed by using version
4.0b5 of PAUP* (Swofford, 2001} with ACCTRAN, MULPARS
and TBR opicns, Branch-and-Baund searches were conducted
for both the COland ND1 sequence data separately. Characters
were treated ag unordered and equal weight for the phylogenet
ic analyses due to the presumably close phylogenetic affinity of
the ingroup taxa (Lydeard o al, 1996}, Bootstrap values (1000
replicates) using the FAST stepwise addition option of PAUP*
(Felsenstein, 1985) and decay indices/Bremer support values
(Bremer, 1988, 1994) using the Decay Index optiont of Mac-
Clade 4.0 (Maddison & Maddison, 2000) in confunction with
PAUP* were calcniated to assess support for the individual
nodes of the resulting phylogenetic hypotheses.

RESULTS
Sequence daty

Alignment of the COT sequences resulted in a data matrix of 449
bp. The two Epioblasma f. walkeri DNA sequences were identical
with the exception of an ambiguously scored () nucleotide for
one of the sequences. One of the two (JAUC 1717) E. £ walkeri
sequences differed from the E. copsagformis by a single nucleo-
tide {the other £, f. walkeri was ambiguous at this site). In con-
trast, interspecific genetic distances (uncorrected pdistanices)
ranged from 6.95 to 7.15% for K. capsaeformis/f. walkeri versus
E. brevidens; 4.26-4.46% for copsoeformis/f. walkeri and E i
quatra, and 5.79% for E. brevidens and E. tngustra. The in-group
Epioblasme taxa differed from the Lompsilis siligusiden out-group
specimens (n = 2} from 7.35 t0 8.49%. The aligned data matvix
including al! taxayielded 19 variable/parsimony-uninformative
¢haracters and 37 parsimony informative characters.

Alignment of the mitochondrial NDI sequences resulted ina
data matrix of 610 bp. Intraspecific genetic distances ranged
from O to 0.984% for E. capsasformis, 0.492% for E, f walkeri, and
0-0.164% for E. brevidens. Interspecific differences between
E. capsasformisand E. £, walkeriare within the range of intraspecific
values observed for E. brevidens (0.492-0.984%). Interspecific
uncorrected pdistance values ranged from 6.557 to 7.541%
for E. capsagformis/f. walkeri versus E. brevidens; 6.25- 7.218% for
E. capsasformis/watkeri versus E. triguetre and 6.885-7.049% for
E triguetra versus E, brevidens. The ourgroup lampsiline taxa
differed from the Epishlasma from 10.328 to 14.562%. The
aligned data matrix including ail taxa yielded 79 variable /parsi-
mony-uninformative characters and 77 parsimony informative
sites. The number of parsimony informative sites for cach codon
position of the mtDNA NDJ gene is Ist = 12, 2nd = 3, 8rd = 62,
which follows patterns described for other mitochondsial pro-
tein coding genes in molluses {Roe & Lydeard, 1998).

Phylogenetic analysis
Maximwmeparsimony analpls of the COI and NDI genes

was conducted by treatine earh chamcter transfarmation as
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Tabde 1. Taxa, locality, collector and GenBank accession number of material used in thiysmdy

Species UAUC # Locaity, soflecior, and vouchar materiat GenBank sequences
Epioblasma brevidens 509 Kylas Ford, Clinch Biver, Tennossae COl = AF{58527
(Lea, 1831} River drainage, Harcock Co,, "TN; J. Khyr: mantle clip
202 Siation Camp Creek, Big South Fork, Cumberland Hiver drainage, Scott Co., Th: 5, Ahlsted) N = AY0D4878
nashell, whoke thests
27z9 Fasch Com Creek, Big South Fork, Curnberiand River drainage, Scott Go., TN; S, Ahlstedt; ND1 = AYN54376
whols animai
2778 Frost Ford, Clincls River, Tennesses. River drainage, Hancock Co., TN; S. Allstadt; whols animai NO{ = AY094377
E capsagiommis 1827 Lilard Mili Dam, Duck River, COl = AYDS4372
(Lea, 1834) Tennsssae Riverdrainage, Marghall Co., TN; L. Koeh; adductor muscle clip NDH = AY(9438%
2006 dolichucky River, Tennosses River, drainage, Hamblen Co., TN; 8. Ahlstedt & S. Fraley; ND1 = AYOS4382
_ manfle dlip -
272G Venable Spring, Duck River, Tennessee. River draiage, Marshall Co., TN; S. Ahistedt & WDt = 094379
C. Hobbs; whole animal
2776 Frost Ford, Clinch River, Tennesses River dralnage, Hancock Co., TN; S.Ahistacit; NOT = 094380
whola animal
E. florenting walcsri 1650 Cadar Blutf of indian Creek, upstream of confiuence with Clinch River, Tennessaa GO = AYQS4373
{Wilson & Ciarl, 1514) Riverdrairage, Tazewall Co., VA; C. Kane & |, Koch; whols animal NDT = AY084483
17T Codar 8luff of indian Cresk, downstraam from milroad bridge, Tennesses River drainage, GOl = AYDDR4374
Tazewsll Co., VA; 1., Koch; whole animna)
e Big South Fork below Parcheom Creek, Cumbariand River dralnage, ScottGe., TN; 5. Ablstedl;  ND1 = AY004384
whola anfrmal
E. tiqustra orgtd Frost Ford, Clinch River, Ternessea, River drainage, Hancoek Cs., TN; 8, Ahistedt, ‘NOT = AY(843975
{Rafinesque, 1820) whoie anitmal
UMMZ 285718 GOl = AF156528
Lampsilis siliquoidea ag2 Seuth Fishtall Bay, Douglas Lake, Great Lakes drainage, Cheboygan Co., ML AG.A. Pinoswka;  ND1T = AY004386
{Bares, 1323) whole anfmal '
UMMZ 285708 GOt = AF156521
UMMZ 265709 COF = AF158522
Viliosa tagniata 2718 Veriable Spring, Duck River, Tennesses. Aiver drainage, Marshall Co., TN; S, NOT = AY094385
{Conrad, 1834} Ahlstedt & C, Hobbs; whole animal
V. villoea 852 Suwannes River at campground near Flanning Springs, Suwannee River draitage, NDY = AY094387
(Wright, 1898) Dixig Ca., FL; D. Ausssler; whols animal

unordered and of equal weight due to the presumably close
relationship among the stady taxa (Lydeard ef of, 1996). Parsi-
mony analysis of the COI data resulted in three equally parsi-
monious trees [consistency index (GI) = 0.953; homoplasy
index (HI} = 0.0465; retention index {(RI) = 0,9636; rotal
length = 65]. The strict consensus tree is shown in Fig. 1. Al
thiree parsimonious trees support the monophyly of Epioblasma,
with E. capsaeformisand E. . welkeriforming an unresolved clade.
Epioblasma brevidens is the most basal species. Epioblasma triguetra
is the sister taxon toan £ capsagformis/ f. walkeri clade.

Phylogenertic analysis of the mitochondrial ND1 data resulted
in five equally parsimonious trees (CI = 0.679; HI = 0.391;
RI = 0.754; total length = 218), A strict consensus tree of the
five most parsimonious trees anda phylogram of one of the five
most parsimonious trees s shown in Figure 2A.and 1, respectively.
The topology is similar to that of the COFbased tree, with the
genus Efioblasma being monophyletic, In addition, support is
found for the monophyly of E. brevidens and E, capsasformis/
E. f. walkeri; however, as in the COLbased tree, E. capsaeformis
and E f. walkeri are not reciprocally monophyletic. Unlike the
COFbased tree, the strict consensus tree reveals an unresolved
trichotomy between the E. brevidens, E, triquetra and E. capsas-
Jformis/ | walkeri clades,

DISCUSSION

Epicklasma f. walkeri and E. copsagformis are medium-sized
species, rarely exceeding 6670 mm in lenigth, and each species
possesses a dull green periostracum and bluish-white nacre
(UISFWS, 1984; Parmalee & Bogan, 1998). Isaac Lea described
nearly half of the currently recognized species of Lpichlasma
(Turgeon et al, 1998). After examining two or three of his
own specimens, and an vnknown number from Mr Cooper’s
cabinet, Lea described E. capsaefbrmis as a distinct species {Lea,
1887). Lea (1857) described Epioblasma florenting from which
a less inflated, medium-sized subspecies, E. .. walkeri, was
deseribed {Wilson & Clark, 1914). Johnson (197B) reviewed
the genus Epioblasma noting that E capsaeformis most. closely
resembled E. florentina (he did not recognize E. f, walkerias a
disiinct species or subspecies), with the male E copsagformis
being longer, lowerand less swollen than that of E. florenting, He
noted that female E. capstgformishas 2 darker marsupial swelling
than the rest of the shell, while in E. florensine the petiostracam
isa uniform honey yellow or yellowish brown,

The mDNA sequence data reveals that £, £, walkeriand B capsae
Jormis are geneticaily indistinguishable from one another,
forming a single, non-exclusive clade: Failure to distinguish
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Figure 1. A strict consensus tree of three equally mostparsimonions trees

(TL = 65; CI = 0.95%) based on amaximum-parsimeny analpsis of 443 bp of

the mitochondrial COfgene. Numbers above the nodes are bootstrap values

(1008 replicates) and rumbers below the nodes are Bremer support values,

Specimen numbers = UAUC identificadon nurmbers asshown in Table 1 B

cap = Fpioblasma capsasformis, Ewal = B, florenting wolketi, £ tr3 = E, triquetra,
. Ebre > E. brsvidensand L sil = Lampsilis siliquoides,

E. capsaeformis and E. florenting walkeri as mutually exclusive or
monophyletic indicates the two taxa are not valid phylogenetic
species (de Quiercz & Donoghue 1988; Baum & Donoghue,
1995; Mishler & Theriot, 2000; Wiens & Penkrot, 2002).
Admittedly; one cannot prove the null hypothesis that genetic
differences between the putative taxa are absent; however,
management decisions should be based on the best available
scientific information (see Avise, 1994, 2000, for other similar
conservation genetic studies). The vast majority of unionid
species have been described based implicitly on a morpho-
species concept. Although considerable intraspecific shell varia-
tion within vnionids and hyriids appears o be a response to the
hydro-dynamics of living in large versus small river or stream
environments (e.g. Walker, 1981; Watters, 1594), there was
a tendency for taxonomists of the late nineteenth and early
twentieth centuries to describe each morph as a unique species,
From a monograph by Simpson {1900, 19143 to a check list by
Turgeon et al. (1998}, the taxonomy of Epishlasma has exhibited
instability and subjective synonory. Many biologists fail to
understand that our view of curently recognized umjonid
specles represents hypotheses that are subject to testing and
may not adequately reflect species that actually exist in nature.
For example, based on Johnson (1978) the Mobile River system
of Alabama, Tennessee, Georgia and Mississippi would have
only one Epishlasmaspecies, compared with three recognized by
Turgeon e ol {1998). Table 2 provides a comparison of the
three primary classification schemes and current conservation
status of Egrivblasma taxa.

One intriguing feature that warrants further scrutiny, is the
significance and mechanism explaining population variation
in mantle pad colour. Ortmann (1924) reported geographic
variation in the mantle pad colour of nominal E. capsaeformis
with individuals from the Clinch, Powell 2nd Nolichucky rivers
possessing au iridescent bluish-white, while individuals in the
Duck River possessing a slate-greyish almost black colour.
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Figure 2, Astrictconsensus troe (A) of Ave equally most-parimonious rees
and (B) phylogram of one of the five equally most-parsimonious trees {ThL.=
218; CI = 9.679) based on an analysis of 610 bp of the mitochondrial N
gene. Nombers abowe the nodes are bootstrap values (1000 replicates) and
numbers below the nodes are Bremer supportvalues, Specimen numbers =
UAUG identification numibers as shown in Table L. E cap = Epioblasma cap-
sagformis, Ewal = E. floventing walker], Etri = B triguetra, E bre = E, brevidens,

Lt Lompoiis sliguoidec; V tae = Villosa taeminte; Vil = V. willasa.
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Although some specimens from the Duck have been observed to
havea small brown mottling aiong the outer edge of the mantle,
the remaining part of the mantle is always grey or almost black
in colour. In contrast, E [ walkeri is mottled brownish/tan in
Indian Creek and Big South Fork of the Cumberiand River {8.
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Table 2. Currendy recognized species of Epihlasmasccording to a popuiaridentification manal by Burch (1975}, 3 monographic review by
Johuson {1978) and a compled checklist by Turgeon o al (1998). The conservation status of each spedies is provided in the Turgeon & ol

{1998} columa as follows: X = presumed extinet; X* = probablyextinct

P Johnson, J. Willtams); E = federally endangered + date liseed; T = fm

(based on recent survey data from S, Ahlstedt, W. Haag, P. Hartfield,
periled, not fedemnily listed.

Burch 18752 Johnson 1678 Turgaon ot al 1998

{17 species; 2 subspecies) (18 spedies) (20 species; B subspacies)

arcaeformis (Lea, 1831) arcagfonmis arcasformis X

bismarginaie” {Lea, 1857} biemarginata bigmarginata X

brevidens (Lea, 1834) interrupta (Rafinesque, 3820} brevidens E,1987

vapsueformiz (Lea, 1834} capsaeformis capsaeformis E,1997

' flexuosa {Rafinesgls, 1820) floxuosa flexuosa X

forenting curtisii{Friarsor &
Uterbaci) B, 1986

foranting {Loa, 1857) Horenting florentina forenting E,1876/%
forentina walkeri (Wilson & Clark, 114 E, 1877

haysiena {Lea, 1833} haysiana hayslana X

tenior {Lea, 1842) lsrior lenior X

lewisi (Walker, 1910} = foxuose JowisifX

rnetagtriata (Gonrad, 1840} = penita matasiiata 1993/

modivefia {Lea, 1859) = peita = poniia

panita{Conrad, 1834) penita penita &,1987

parsonata{Say, 1828) personpta personataX

sampsoniF {Lea, 1861} sampsonii sampsoniiX

Stewardsonii (Lea, 1852} stowardsonii stewardsonii X

suleata {L.ea, 1829) oblitiats obliquata obliquata (Refinesque, 1820)
£,1950 '
obliquata perobiigue (Conrad, 1836)
E,1976
lorvlosa gubsracuftnf {Reeve, 1865)
=R 1:71s SEN
lorulosa ranglanat {L.aa, 1865) E,1983

tandosa torwosa [Rafinesque, 1820) 1oriosa ltoruiosa lortlosa £, 1976/

tondosa propingus (e, 1857) propingug propingiia X

triquetra {Rafinasdue, 1820) triguetra | friquetral

turgidula (Lea, 1858) turgicula Iurgloks E,1976/X

othcaloogensis (Loa, 1857) £,1993¢*

*Burch (1975} largely foltowed the first monographic treatmart of Eploblasma (= Truncila} by Simpson (1800) with minor exceptions {0.9.Burch

synonymized E. compacta and £ othcaioogansis with E. metastriata.

*Burch (3875} hypothesized that £, bemarginata wes a large river formof £ furgichsla,

*Burch {1975} e d E. torufosa gub

Humas an upper Tennesses River form of £. torulose toniosa.

YBurch {4875 hypothesizad that £, sampsoni might be a Wabash Biver form of E. torufusa torufosa.
“Bogar {1997} and Pamalee & Bogan {1598) replaced E. tonsosa magiana with E. bilaba {Rafinesque 1831), becatise e name had prority over

rangiang.

Ablstedt & J. Jones, personal communication}. Although the
two nominal E, capsaeformis specimens from the Duck River,
which possess black mantle pads, are monophyletc, the remain-
ing specimens did not form monophyletic groups associated
with mantle pad colour. It is possible that ather more rapidly
evelving neutral genetic markers will delineate other phylo
genetic species within the E. capsagfirmis + E. f. walkeri {e.g. the
Duck River black manide pad morph) clade, which warrant
© recoguiton. However, our data refute the recognition of the
currently recognized species boundaries based on shell mor-
phology. Alternatively, mantle pad colour may be a response to
some unknown environmental parameter or represent intra-
specific allelic variation.

Although there is a desire for some biologists to accept and
progect all currently recognized taxonomic units (e.g. Berg &
Berg, 2000), we believe it is more important to test and deter-
mine species boundaries using rigorous scientific methods and
principles, preferably prior ro developing conservation recavery

plans, particularly when advocating augmentation or trans
planting of populations (Mulvey & Lydeard, 2000). Admittedly,
sometimes decisions must be made on limited data due to the
imperited status of many wnionids, particularly when faced with
the complete loss of the putative species. We believe the Phylo-
genetic Species Concept, based on the recognition of minimal
monophyletic groups (Mishler & Donoghue, 1982; Mishler &
Brandon, 1987; de Queiroz & Donoghue, 1988, 1890}, offers an
objective and dgorous approach to test the validity of problem-
atic unionid species complexes. This method has been applied
1o other unionid taxa (Mulvey e al., 1997; Roe & Lydeard 1998;
King « al, 1999; Lydeard & al, 2000) and should eventually
result in & sound classification and undersmnding of unionid
biodiversity and evolution. Our interpretation of the miDINA
sequence data, however, should be treated as an hypothesis sub-
jecttofurther testing.

Given that so few reproducing populations of E. capsagformis
and E. f. walkeni exist, combining the two into a single phyloge-
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netic species does notalter their conservation statuss. Life history
and population biology studies have already been conducted on
the single known extant reproducing population of E. £, walkeri
(Rogers, Watson & Neves, 2001). However, similar comparative
studies should be conducted on remaining noreinal F. capsas-
Jormis populations with the intent of further testing our hypo-
thesis that the two taxa are one phylogenetic species and to
provide valuable data to manage more effectively the recovery of
the species.
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