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Problem Statement:  A diverse fauna of freshwater mussels (Unionoida) occurs in Arkansas (Gordon, 1980a; Gordon et al., 1980; Harris and Gordon, 1987; Harris and Gordon, 1990; Harris et al., 1997).  This includes wide-spread Interior Basin species, taxa reflecting more northern or southern faunal affinities that have distributional limits occurring in or near Arkansas, and mussels that are endemic to regional physiographic features (Gordon, 1980a; Harris and Gordon, 1987).  Forty of these reported species are representatives of the subfamily Lampsilinae, and 12 taxa (11 species and a purported subspecies) are classified within its type genus, Lampsilis (Gordon, 1980a; Johnson, 1980; Harris and Gordon 1990; Harris et al., 1997).  Other species of Lampsilis have been listed for Arkansas (e.g., Lampsilis claibornensis [Lea 1838]: see Cooper, 1984) but may represent misidentifications (Gordon, personal observation of voucher specimens; also see distribution maps in Vidrine, 1993).  


Species of most unionoid mussels generally have been identified by their shell morphology (e.g., shape, size, color, periostracal raying patterns, disc and beak sculpture, etc.).  However, shell-based species identifications may be complicated by geographic variation due to ecophenotypically induced character expressions (e.g., clinal differences in shell length, inflation, and thickness relative to stream size) or genetic divergence with or without obvious variation to shell morphology (Ortmann, 1920; Ball, 1922; Hoeh et al., 1995; Lydeard and Roe, 1998).  Among genera within the Lampsilinae, there also can be considerable overlap in shell morphology, and thus, further complications may arise in correctly classifying species within genera.  Based solely on shell characters, Johnson (1980) misinterpreted convergent shell morphology; erroneously classified two species endemic to the Interior Highlands region, L. reeveiana (Lea 1852) and L. rafinesqueana Frierson 1927, within Villosa and Actinonaias, respectively; and synonymized Lampsilis streckeri Frierson 1927 under Villosa vibex (Conrad 1834) (see Gordon, 1980b; Gordon and Kraemer, 1984).  Similarly, variation of anatomical features between genera may be minimal which can lead to other than accurate classification schemes. 


DNA analysis can be instrumental in resolving questions concerning both species recognition and phylogenetic relationships (e.g., Hoeh, 1990; Hoeh et al., 1995; Hoeh et al., 1998a; Roe and Lydeard, 1998; Bogan and Hoeh, 2000; Hoeh et al., 2001).  Using such techniques, Turner et al. (2000) suggested that some Arkansas populations of the phenotypically variable L. hydiana (Lea 1838) may not represent a monophyletic taxonomic entity.  However, only a single gene was examined by Turner et al. (2000), and its conservative nature with respect to intra- and interpopulation variation did not allow conclusive determination of the taxonomic status of this species.  As such, a phylogeographic analysis of lampsiline taxa in Arkansas is warranted to establish genetic species limits in the context of morphologial variation within Lampsilis and its evolutionary relationships to closely related genera.  

Study Objectives:  We will examine the species composition of Lampsilis in Arkansas and the phylogeographic relationships within the genus and relative to other closely related genera (sensu Ortmann, 1912) through analysis of mitochondrial DNA.  Multiple populations from within Arkansas and from out-of-state, geographically disjunct populations, including topotypic or near-topotypic localities per taxon, will be used to examine genetic affinities and divergence.  Other similar allopatric taxa of Lampsilis and representative taxa of other lampsiline genera will be compared to target species to better resolve phylogenetic relationships.  Shell morphology and topographic anatomical characteristics will be quantified, compared to DNA results to establish morphological limits of taxa, and used to construct a practical identification key to taxa.  Results, including any previously undescribed species if discovered, will be published in professional scientific journals.

Study Methods and Approach:  The use of multiple, single character-based systems to construct molluscan classifications generally produces conflicting results (Morton, 1967; Hoeh, 1990).  Sole reliance on shell morphology to recognize species has lead to both discrete taxa being synonymized under one name (e.g., Davis and Fuller, 1981; Hoeh, 1990; Gordon and Hoeh, 1994; Hoeh et al., 1995; Roe and Lydeard, 1997; Mulvey et al., 1997) and splitting of valid species into fragmented nonsense assemblages (see Palmer, 1985).  Our methodology represents an integration of molecular systematics with quantitative and qualitative assessments of shell morphology, anatomy, and ecology.  

Molecular Systematic Analysis:  Unionid bivalves, including lampsilines, possess a distinct form of mitochondrial DNA (mtDNA) inheritance, doubly uniparental inheritance of mtDNA ([DUI]; Skibinski et al., 1994; Zouros et al., 1994; Liu et al., 1996; Hoeh et al., 1991; Hoeh et al., 1996a,b; Hoeh et al., 1997).  Under DUI, female bivalves pass on their mitotype (F mitotype) to both sons and daughters while males pass on their germ line mitotype (M mitotype) to only sons.  Female offspring are therefore homoplasmic (= contain a single mtDNA type) while male offspring are heteroplasmic (Skibinski et al., 1994; Zouros et al., 1994).  The latter finding explains the high frequency of mtDNA heteroplasmy observed in natural populations of Mytilus (e.g., Fisher and Skibinski, 1990; Hoeh et al., 1991).  Male somatic tissue contains predominantly the mitotype of the mother while the male germ line contains exclusively the mitotype of the father (Skibinski et al., 1994).  Therefore, sons pass on only the mitotype inherited from their father.  

Phylogenetic analyses to date on unionid bivalves, including five lampsiline species representing four genera, suggest that DUI has produced M and F mitotypes that assort precisely by gender designation, i.e., separate M and F clades with identical topologies (Hoeh et al., 1996a, unpublished data).  Consequently, this mode of inheritance, which has apparently been occurring with high fidelity in unionids for more than 100 million years (Hoeh et al., 1996a), has led to the presence of highly differentiated F and M mitotypes within each species (ca. 33% for both nucleotide and inferred amino acid divergence estimates [uncorrected values] in germ line cytochrome c oxidase subunit I [COI] between conspecific male and female individuals from nine species of unionoid bivalves, e.g., Hoeh et al., 1996a, in review).  This level of conspecific intergender mtDNA differentiation in unionids is likely attributable to the single, relatively ancient (compared to those in mytiloids), M/F divergence event hypothesized for unionids in combination with a markedly increased rate of sequence evolution for the M mitotypes versus the F mitotypes (Rawson and Hilbish, 1995; Stewart et al., 1995; Stewart et al., 1996; Liu et al., 1996; Hoeh et al., 1996a).  The latter has been attributed to relaxed selection rather than an elevated mutation rate for M mitotypes relative to F mitotypes in Mytilus (Stewart et al., 1996). 

The distinct rates of sequence evolution and independent evolutionary histories noted for the M and F genomes in unionids is a boon to systematic and population studies in this taxon.  Specifically, studies of intra- and interspecific genetic variation for both M and F genomes in Arkansas lampsiline bivalves offer complementary views on species limits, evolutionary relationships, and levels of population variation.  For example, relatively older (e.g., species-level) divergences may be tracked more accurately with analyses of the more slowly evolving F genome while analyses of relatively recent (e.g., population-level) divergences may be facilitated by analyses of the faster evolving M genome.  The use of these two genetic markers in the proposed analyses of Arkansas lampsiline bivalve populations will provide independent estimates of species limits, phylogeographic history (sensu Avise, 1994), and levels of genetic variation and differentiation within and among these populations.  

Total DNA will be isolated from male gonadal tissues and female and male mantle tissues from at least six males and six females (if available) for each of the lampsiline bivalve populations sampled.  Each of these DNA isolates will be PCR-amplified using the following primer pair: LCO1490/HCO2198b (ca. 710 bp fragment of COI, Folmer et al., 1994).  HCO2198b is a modified version of HCO2198 (Folmer et al., 1994, produced by deleting the first six 5’ bases from HCO2198).  These COI primers are complementary to very conserved regions of animal mtDNA (e.g., Folmer et al., 1994).  Furthermore, these COI primers have been shown to reliably PCR amplify mtDNA from unionid bivalves (Hoeh et al., 1996a; Hoeh et al., 1998a,b; Bogan and Hoeh, 2000; Hoeh et al., 2001).  Restriction endonuclease digestions (using multiple four base-recognizing restriction enzymes; e.g., Alu I) of the PCR amplification products will be used as an initial screening procedure to confirm the amplification of the F and M mitotypes from each population (e.g., Hoeh et al., 1996a) and to potentially detect distinct within-population mitotype variants.  The relatively large amount of sequence divergence between conspecific unionid F and M mitotypes (ca. 33% for COI, Hoeh et al., 1996a) facilitates these restriction enzyme-based mitotype characterizations.  


Once the F and M mitotypes have been screened using restriction digests, they will be further characterized by cycle sequencing analysis.  We generally will follow the protocols for sequencing template purification and cycle sequencing of the DNA fragments as presented in Folmer et al. (1994).  Specific modifications to the latter protocols include the use of fluorescent dye-labeled sequencing primers and a LICOR 4200 automated DNA sequencer.  The resulting sequences will be exported to GeneJockeyII and aligned initially using CLUSTAL W v. 1.5 (Thompson et al.,1994) with subsequent refinement done by eye using MacClade v. 4.0 (Maddison and Maddison, 2000).  All sequences generated from this project will be deposited in the GenBank data base.  The alignment of the ca. 650 bp of COI M and F sequences from the sampled lampsiline populations likely will be straightforward since insertion/deletion events are extremely rare in the unionoid COI sequences generated to date (Hoeh et al., 1996a; Hoeh et al., 1998a,b; Bogan and Hoeh, 2000; Hoeh et al., 2001).  

The COI DNA sequence matrices will be analyzed using maximum likelihood (Felsenstein, 1993; Strimmer and von Haeseler, 1996), neighbor-joining (Kumar et al., 1993), and parsimony (Swofford, 1998) algorithms.  PAUP* (Swofford, 1998) will be the principal computer package utilized to implement these algorithms.  Initially, the COI sequences will be analyzed in two separate matrices (containing the F and M sequences, respectively, for each individual) and then as a combined F + M COI sequence matrix.  This approach will maximize the informativeness and explanatory power of all the data (sensu Kluge, 1989) as well as allow for maximum exploration of the individual data sets (e.g., Hillis, 1987, 1995; Olmstead and Sweere, 1994; Hillis et al., 1996).  However, the total evidence-derived phylogenetic trees will be used as the best estimates of the evolutionary relationships among lampsiline populations unless significantly heterogeneous data partitions are detected (e.g., de Queiroz, 1993; Bull et al., 1993; Rodrigo et al., 1993; Huelsenbeck and Bull, 1996; Huelsenbeck et al., 1996).  Multiple random terminal taxa addition sequence runs, combined with global branch rearrangement options, will be employed when generating topologies from maximum likelihood and maximum parsimony analyses.  These options will increase the probability of finding the actual best topology under each of these two optimality criteria (e.g., Hendy et al., 1988; D. R. Maddison, 1991).  Standard bootstrap (Felsenstein, 1985) and decay index (Donoghue et al., 1992; Bremer, 1994) analyses will be carried out to evaluate the level of support for particular clades obtained from the phylogenetic analyses.  Incongruence among the F and M COI sequences will be evaluated by the incongruence length difference test (ILD, Mickevich and Farris, 1981; Farris et al., 1994).  In addition, the Kishino-Hasegawa (1989) test, a paired-z test (Rodrigo et al., 1994), will be used to evaluate the significance of log likelihood differences among distinct DNA sequence-based topologies.  The implementation of these tests will make use of Bonferroni correction for multiple tests (Holm, 1979; Rice, 1989) and be useful for evaluating the significance of potential data partition heterogeneity (e.g., Swofford et al., 1996).  

Comparisons of within- and among-population levels of divergence for M and F COI DNA sequences will be used to evaluate the significance of potential genetic discontinuities between lampsiline populations.  The sequencing and subsequent phylogenetic analyses of DNA sequences from two independently transmitted genomes (M and F mitotypes) should enable robust estimates of species limits and evolutionary relationships for the sampled lampsiline populations (e.g., Swofford et al., 1996; Hillis et al., 1996).  Once population-level phylogenies are produced, the phylogenetic species concept will be used to re-evaluate species limits and distributions within Arkansas lampsiline bivalves.  Voucher specimens will be deposited in the mollusk collection at the New Mexico Museum of Natural History (NMMNH) and the Unionacea Collection of the Arkansas State University Museum of Zoology (ASUMZ).  

Analysis of Shell Morphology and Topographic Anatomy:  With few exceptions (e.g., Fuller, 1972), unionoid mussels have been identified from qualitative descriptions of shell morphology.  Other than some non-statistical comparisons of ratio-based indices of shell shape and inflatedness (e.g., Ortmann, 1920; Ball, 1922), the quantitative assessment of shell morphology as an aid in the identification of mollusks has been rare (e.g., Kotrla and James, 1987; Kilgour et al., 1990).  Since statistical analysis of shape has become an ever increasing tool in studies of evolutionary biology (Humphreys et al., 1981; Chernoff, 1982; Bookstein et al. 1985; Thorpe, 1985; Mardia and Dryden, 1989; James and McCulloch, 1990), we will use univariate and multivariate statistical procedures to determine significance of shell morphological characters for identifying species of Lampsilis.  Quantitative characters will be measured to the nearest 0.05mm with dial calipers, qualitative shell features will be coded prior to statistical analysis, and transformations performed as needed.

Because of the rather conservative nature of topographic anatomy in unionoids (Ortmann, 1912), we will primarily examine species-specific characters of the posterior and posterioventral portions of the mantle margin.  This region has been modified into incurrent and excurrent apertures, and the mantle flap is quite developed in females.  This last structure occurs in males but is considerably reduced.  Specimens will be anaesthetized, following procedures in Coney (1993) and Smith (1996), and anatomical features of note will be photographed.  The subject portion of the mantle and possibly other structures (e.g., marsupial gills) will then be excised and fixed in 5-7% formalin for later examination, characterization, and enumeration.

Taxa and Populations:  The following taxa and populations will be sampled for analyses outlined in this proposal.  Sampled populations from outside Arkansas are for analysis of geographic variation relative to morphology and genetics and to aid in phylogenetic reconstruction.  Specimens from type localities or localities as close to type localities as possible will be sampled for all species and subspecies, and their DNA will be considered the reference genotype for the subject taxon.  

Lampsiline Taxa

1.
Lampsilis hydiana (Lea 1838)—type locality by original designation: Teche River, St.

 Landry Parish, LA.  

Populations to be studied: LA: Teche River, Calcasieu River, Bayou Pierre, Amite River; TX: San Antonio River, Guadalupe River, Trinity River; TX & AR: Sulphur R; AR: Ouachita River, Saline River (Ouachita River drainage), Saline River (Red River drainage), Cossatot River, Fourche La Fave River, Poteau River, Mulberry River, Illinois Bayou, Piney Creek, Bayou Meto, Roc Roe Bayou, St. Francis River.

Rationale:  Howells (personal communication) noted unique morphological variation in the Guadalupe R., TX population.  Similar morphological variation has been observed by us and illustrated in Vidrine (1993).  Turner et al. (2000) found a unique haplotype in Arkansas River drainage populations tentatively identified as Lampsilis cf. hydiana.  Bates and Dennis (1983) identified heavy, greatly inflated specimens of L. hydiana from the lower White R., AR as L. clarkiana (a junior synonym of Lampsilis altilis [Conrad, 1834]).  Genetic and morphological analyses are necessary to determine whether L. hydiana represents a single taxon or multiple species.  

2.  Lampsilis cf. straminea (Conrad 1834)—type locality restricted by Conrad (1838): brooks or mill streams in Greene County, AL.

Populations to be studied:  AL: stream in Greene County; MS: tributaries to Tibbee Creek and  Pearl River; LA:  Amite R.

Rationale:  This taxon recently has been synonymized with Lampsilis cf. claibornensis (Lea 1838) without satisfactory published justification.  If conspecific, then straminea has priority over claibornensis (see below).  Based on this assumption, L. straminea has a sympatric distribution with L. hydiana in southeastern LA (Gulf Coastal drainage).  It is conchologically similar to L. hydiana (see Vidrine 1993) but lacks periostracal rays.  Cooper (1984) reported it from Lake Chicot, AR, but this record may represent a misidentification.  However, determination of its phylogenetic relationship to L. hydiana will help resolve the taxonomic problems noted above for that species.  

3.  Lampsilis cf. claibornensis (Lea 1838)—type locality by original designation: Alabama R., near Claiborne, AL.

Populations to be studied:  AL: type locality; MS:  Yellow Creek, Lowndes Co.

Rationale:  See Lampsilis straminea.  Molecular genetics of this taxon and that of the preceeding require examination to determine whether they are conspecifics or distinct species.  The potential for the occurrence of one of these taxa in Arkansas and the apparent relationship to L. hydiana justify their inclusion in this study.

4.  Lampsilis siliquoidea (Barnes 1823)—type locality by original designation: Wisconsin River, WI.  





Populations to be studied: WI: Wisconsin River drainage; KY or OH: Ohio River drainage; AR: White River, Illinois River, Ouachita River drainage.

Rationale:  This species is the most conchologically similar unionoid to L. hydiana that occurs in AR.  Specimens from Ouachita R., AR sometimes are difficult to differentiate from L. hydiana and are morphologically dissimilar to shells from the White and Illinois rivers in the Ozarks.  Arkansas specimens are also different in appearance from those of the Ohio River basin.  Turner et al. (2000) noted a divergence in haplotypes for specimens from the White River system and those from the Ohio River drainage reported in Lydeard et al. (1996).  Besides establishing phylogenetic relationships to other Lampsilis in AR, comparison of populations within and outside AR is necessary to determine whether L. siliquoidea may represent a composite of several species. 

5.  Lampsilis radiata (Gmelin 1791)—type  locality restricted by Johnson (1970): Potomac River, Washington, D.C.

Population to be studied:  VA and MD: Potomac River basin. 

Rationale:  Lampsilis siliquoidea was long considered a subspecies of L. radiata.  Genetic analysis will help resolve relationship with the preceeding taxa and other possible clades within Lampsilis.

6.  Lampsilis powellii (Lea 1852)—type locality by original designation: Saline River, AR.  

Populations to be studied: AR: Middle Fork Saline River South Fork Ouachita River.

Rationale:  This species is sympatric with L. hydiana in the upper Ouachita River and headwater forks of the Saline River.  It is sometimes difficult to differentiate from poorly rayed shells of L. hydiana, particularly when the specimens are badly eroded or heavily encrusted.  Turner et al. (2000) indicated that L. powellii is more closely related to an AR population of L. siliquoidea than to any populations of L. hydiana that they studied.  Johnson (1980) contended that L. powellii was most closely related to L. virescens (Lea 1858) of the Cumberlandian Region of the Tennessee River drainage.  We hope to resolve the phylogenetic position of this species and provide morphological criteria to make it more easily identifiable.

7.  Lampsilis virescens (Lea 1858)—type locality by original designation: Tennessee River, Tuscumbia, AL.  




Population to be studied: TN or AL: Elk River or Paint Rock River.

Rationale:  Lampsilis virescens is morphologically very similar to L. powellii.  Specific identity and phylogenetic relationship to L. powellii should be determined. This very rare species will be analyzed by nondestructive sampling (i.e. mantle clips) only.  Shell morphology and anatomy analyses will utilize museum specimens. 

8.  Lampsilis streckeri Frierson, 1927—Type locality restricted by Gordon & Kraemer (1984): Little Red River, Clinton, Van Buren County, AR.  

Population to be studied: AR: Middle Fork Little Red River.

Rationale:  Frierson (1927) originally listed a disjunct population of this species from Onion Creek, Texas.  This population was based on specimens of the conchologically similar L. bracteata (Gould 1855) (Gordon, personal observation of Onion Creek specimens), an endemic of the plateau region of central TX.  With exception of the Little Red River basin, L. reeveiana (Lea 1852) inhabits all other Interior Highlands tributaries of the White River system.  Shells of L. streckeri and L. reeveiana differ primarily on the color of the periostracum and nacre.  Johnson (1980), Gordon and Kraemer (1984), Clarke (1987), and Howells et al. (1996) discussed the status of this species and speculated on its relationship to L. reeveiana, L. bracteata, L. siliquoidea, and Villosa vibex (Conrad 1834).  Given its present status as a federally-protected endangered species, its taxonomic status in the context of the above four species needs to be established.  This very rare species will be analyzed by nondestructive sampling (i.e. mantle clips) only.  Shell morphology and anatomy analyses will utilize museum specimens. 

9.  Lampsilis reeveiana (Lea 1852) sensu stricto—type locality restricted by Johnson (1980): White River, Elkins, Washington County, AR.

Populations to be studied:  AR: White River system in the Ozark Plateaus - White River near Elkins, War Eagle Creek, Kings River, Buffalo River; MO: James River headwaters.

Rationale:  Oesch (1984) discussed the distribution and conchological differences in three subspecies of L. reeveiana: reeveiana, brevicula, and brittsi.  Given the presently fragmented distribution of L. reeveiana (sensu lato) in AR, molecular genetic analysis of these “subspecies” will allow determination of their validity and assessment of possible management requirements for a potentially rarer assemblage of taxa.  This analysis is necessary to determine the taxonomic status of L. streckeri and the phylogenetic association with L. bracteata (TX) and L. fasciola Rafinesque, 1820 (Ohio River basin).

10.  Lampsilis reeveiana brevicula (Call 1887)—type  locality by original designation: Current River and tributaries, Shannon County, MO.  

Populations to be studied: MO: Current River system, North Fork White River, Eleven Point River, upper Black River basin, upper St. Francis River basin; AR: Spring River, Strawberry River. 

Rationale:  See Lampsilis reeveiana s.s.

11.  Lampsilis reeveiana brittsi (Simpson 1900)—type  locality by subsequent designation in Johnson (1975): Niangua River, Camden County, MO.  

Populations to be studied: MO: Niangua River, Pomme de Terre River, Big Piney River, Gasconade, Meramec River, Big River.

Rationale:  See Lampsilis reeveiana s.s.

12.  Lampsilis bracteata (Gould, 1855)—type locality by original designation: Llanos River, upper TX.

Populations to be studied:  TX: one population from a stream yet to be determined.

Rationale:  Analysis of this species will aid in determining the specific identity of Lampsilis streckeri and will contribute to the phylogeographic assessment of that taxon in relation to the L. reeveiana complex.  As there are no longer mussels inhabiting Onion Creek (Howells, personal communication), the site of Frierson’s (1927) purported specimens of L. streckeri from TX (see L. streckeri Rationale), a population of L. braceata will have to be located during this investigation.  

13.  Lampsilis rafinesqueana Frierson, 1927—type  locality by original designation: Moodys, OK (Illinois River system, not Neosho River drainage as noted in Johnson, 1980).  

Population to be studied: AR: Illinois River.

Rationale:  The general shape of Lampsilis rafinesqueana is very similar to that of Actinonaias ligamentina (Lamarck 1819), which caused the former to be erroneously placed into Actinonaias by Johnson (1980) (see Gordon, 1980 and comments in Johnson, 1980).  This species possesses a mantle flap which is diagnostic for the genus Lampsilis; however, the mantle flap’s relatively small size and limited development is more suggestive of the allopatric L. reeveiana complex than the sympatric L. siliquoidea or L. cardium Rafinesque, 1820.  Despite its large, heavy shell, the broken raying pattern of the periostracum, relatively heavy hinge dentition, and thin shell of young specimens are suggestive of L. reeveiana.  Genetic analysis will determine its phylogenetic position within the Lampsilinae and improve the phylogenetic resolution for other AR taxa.  This species has been considered for possible federal protection.

14.  Lampsilis fasciola Rafinesque, 1820—type locality by original designation: Kentucky River. 

Populations to be studied: KY: Kentucky River drainage.

Rationale:  Lampsilis fasciola is widely distributed throughout the Ohio River basin and may represent an eastern analogue to the conchologically similar L. streckeri, L. reeveiana complex, and L. bracteata.  Genetic analysis will aid in resolving phylogenetic relationships for this group of species and test the hypothesis that they represent a distinct clade within Lampsilis.

15.  Lampsilis cardium Rafinesque, 1820—type locality by original designation: Ohio River.  

Populations to be studied: OH: Ohio River drainage; AR: Illinois River, White River drainage, Arkansas River drainage.

Rationale:  Due to conchological similarities, Lampsilis cardium (as ventricosa [Barnes 1823]) was long considered a subspecies of L. ovata, and difficulty may be encountered in differentiating the two taxa when sympatric.  However, L. ovata is restricted to the Ohio River Basin.  There is considerable confusion over the relationship of L. cardium to L. satura, and specific identification has been difficult due to lack of knowledge concerning diagnostic characters and geographic distribution.  Previous genetic studies (Davis and Fuller, 1981; Turner et al., 2000) may have only examined L. satura (specimens used in both of the preceeding studies originated only from the Ouachita River, Arkadelphia, AR).  Genetic analysis will enable a more rigorous estimate of the number of cardium-like taxa in AR and contribute to the determination of phylogenetic relationships within Lampsilis.

16.  Lampsilis ovata (Say 1817)—type locality by original designation: Ohio River and its tributary streams.

Populations to be studied:  KY and OH: Ohio River basin.

Rationale:  See Lampsilis cardium.  Inclusion of this species will help resolve the phylogenetic relationship between taxa in the potential clade represented by L. ovata, L. cardium, L. satura, and L. ornata.  L. ovata is the type species for Lampsilis and, as such, is a crucial reference taxon for this proposed study.

17.  Lampsilis satura (Lea 1852)—type locality by original designation: Red River, Alexandria, LA.  





Populations to be studied: LA: Red River system near Alexandria; AR: Ouachita River basin, Saline River (Red River drainage), Arkansas River basin.

Rationale:  See Rationale under preceeding two species.  Genetic analysis will determine if L. satura occurs within AR and its phylogenetic placement in relation to other cardium-like species and Lampsilis in general.

18.  Lampsilis ornata (Conrad 1835)—type locality by original designation: Othcalooga Creek, Gordon County, GA.  

Populations to be studied: GA: Othcalooga Creek or other nearby stream in the upper Coosa River system; LA: Amite River; AR: Saline River (Ouachita River drainage).

Rationale:  Johnson (1980) reported Lampsilis ornata from the Ouachita River basin in the Ouachita Mountains physiographic region.  Harris and Gordon (1987), Vidrine (1993), and Harris et al. (1997) subsequently have speculated on the occurrence of this species in AR.  There appear to be populations within the Ouachita River basin in AR that display ornata-like shell morphology, but the distribution within Arkansas is disjunct from eastern populations of L. ornata (see Vidrine, 1993).

19.  Lampsilis teres (Rafinesque 1820)—type locality by original designation: Wabash River.  
Populations to be studied:  IL or IN: Wabash River drainage; AR: White River basin, Ouachita River system, Red River drainage.

Rationale:  The shell shape of Lampsilis teres is somewhat similar to other elliptically shaped Lampsilis; however, previous genetic studies (e.g., Turner et al., 2000) indicate it is phylogenetically distant from other Lampsilis.  The mantle flap in females is relatively small and poorly developed in comparison to other Lampsilis (see Ortmann, 1912).  Genetic analysis will facilitate determination of its phylogenetic placement within the Lampsilinae.  With respect to the incredibly wide geographic distribution of this taxon (see Burch, 1975), L. teres may represent a complex of cryptic species.

20.  Lampsilis fallaciosa Smith 1899—type locality by subsequent designation in Johnson (1975): Ohio River, Seamsville, Hamilton County, OH.

Population to be studied:  OH: Ohio River system in the vicinity of Cincinnati.

Rationale:  Genetic analysis will provide information on whether Lampsilis fallaciosa and L. teres are sister species, subspecies, or conspecifics and if L. fallaciosa warrants further taxonomic consideration.  It’s inclusion will aid resolution and construction of phylogenetic relationships within and outside of Lampsilis.

21.  Villosa villosa (Wright 1898)—type locality by original designation: Suwanee R., Suwanee Co., FL.

Populations to be studied:  FL: Suwanee River, Suwanee County.

Rationale:  As the type species of Villosa, molecular systematic analyses that include this taxon will enable a determination of the phylogenetic affinities of various study taxa to Villosa.  Shells of the Lampsilis cf. hydiana specimens from the Arkansas River drainage analyzed by Turner et al. (2000) are conchologically similar to species of Villosa, and V. villosa’s inclusion will allow comparison of potentially divergent populations and other purported species of Villosa.
22.  Villosa vibex (Conrad 1834)—type locality by original designation: Black Warrior River south of Blount Springs, AL.

Populations to be studied:  AL; Black Warrior River system. 

Rationale:  In addition to possessing shell characteristics similar to both Lampsilis hydiana and L. cf. hydiana (see Turner et al., 2000), L. streckeri was synonymized under Villosa vibex by Johnson (1980).  Inclusion of this species in the genetic analysis will test its relationships to populations within the apparent L. hydiana clade and the synonymy of Johnson (1980), and will aid in the construction of a clade of “true” Villosa species (= those species in a clade with V. villosa).

23.  Villosa lienosa (Conrad 1834)—type locality by original designation: small streams in southern AL.

Populations to be studied:  AL: small streams in Greene County (see Conrad, 1838); AR: Ouachita River basin, Spring River system.

Rationale:  V. lienosa is widely distributed across AR and exhibits considerable conchological variation throughout its entire range.  Inclusion of this species will allow an assessment of the geographic component of its variability and will aid in evaluating other Villosa species in phylogenetic analysis.

Outgroup Taxa


In order to enhance the construction of  phylogenies and determination of species limits with respect to the above listed lampsiline taxa, the type species of each lampsiline genus and several species representative of the Ambleminae and Anodontinae will be used as ingroups or outgroups as deemed appropriate.  The particular species to be utilized will be chosen at the time of DNA extraction and will depend on availability of taxa.  However, many of the requisite taxa are already in hand and have been sequenced for COI.

Expected Benefits:  Results from this study will elucidate species for problematic AR Lampsilis and Villosa taxa and will evaluate the faunal composition of these genera in Arkansas.  Conchologically cryptic species may be discovered (e.g., Lampsilis hydiana complex), generic reassignment may be determined necessary for some species (e.g., L. teres), and the taxonomic status of the federally-endangered L. streckeri will be assessed.  Such data will be published in appropriate scientific journals.  As a result of molecular systematic analysis with coordinated morphological assessment, a conchologically-based key to species will be compiled, which describes the geographic variation within each species, to aid identifications by non-specialists.  Ultimately, our results will allow resource managers to make greatly improved assessments regarding the status of rare and potentially threatened taxa in AR.  Species deemed to be in need of conservation status will be identified and reported to the U.S. Fish and Wildlife Service.

Timetable

June - October 2001 - obtain specimens and tissue samples of target taxa.

November 2001 - March 2002 - begin extraction, amplification and sequencing of tissues for DNA analysis.  Begin shell morphology and anatomy data acquisition.

April - October 2002 - complete acquisition of specimens and tissue samples of target taxa.

September 2002 - provide annual status report and participate in Agency Research Symposium.

November 2002 - March 2003 - complete extraction, amplification, and sequencing of tissues for DNA analysis.  Complete shell morphology and anatomy data acquisition.

April - August 2003 - prepare final report and manuscripts for submittal to scientific journals.

September 2003 - submit final report and participate in Agency Research Symposium.

Personnel

John L. Harris, Ph. D., Department of Biological Sciences, Arkansas State University. Mark E. Gordon, Ph. D., New Mexico Museum of Natural History.

Walter R. Hoeh, Ph. D., Department of Biological Sciences, Kent State University (OH).

Ronald L. Johnson, Ph. D., Department of Biological Sciences, Arkansas State University.

Alan D. Christian, Doctoral Candidate, Department of Zoology, Miami University, OH.


In addition, offers of assistance in acquiring target taxa specimens have been received from Robert G. Howells (TX), Paul Hartfield (LA, MS, AL), and Arthur Bogan (NC, TN).  Other regional malacologists will be contacted to solicit assistance in acquiring target taxa specimens.
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Line Item Budget:

Specimen Acquisition and Curation:

Curation of Voucher Specimens   -  ASU Museum of Zoology

$  1,000

Curation of Voucher Specimens   -  NMMNH



$  1,200

(Includes chemicals, glassware, shipping charges for specimens)

Per Diem  (specimen acquisition, genetic analysis) – 30 days X 50/day
$  1,500

Mileage – 8800 miles X  0.33/mile





$  2,900

Molecular Genetic Analysis:

Chemicals/Supplies for DNA Extraction, Amplification, and 

Sequencing  (200ind x 2 loci) 





$  8,000

Technical Support (WRH) Kent State University



$23,000

Technical Support (RLJ/ADC) Arkansas State University


$18,000

TOTAL








$55,600


