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A group of endangered mussel species from Big South Fork National River and Recreation Area are processed prior to being transported to the propagation facility at Virginia Technological University.
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ABSTRACT

The Park proposes to restore extirpated native mussel fauna in free flowing reaches of Big South Fork National River and Recreation Area (BISO) and augment existing populations where natural reproduction occurs in low numbers. Reintroduction is urgently needed due to precipitous decline of these species as a result of previous pollution events and low reproductive rates. Of the nine mussel species listed as endangered, four have been extirpated. No other group of animals in the United States (US) approaches this level of imperilment. The ultimate project goal is to recover species so that they can be removed from the endangered species list and to restore the extirpated species through propagation efforts. This project will transfer remnant populations in marginal habitats to more suitable habitat in BISO and restore them to the park. Augmentation is justified as BISO has the only river experiencing some natural recruitment of endangered species within the Cumberlandian Region.
Introduction 

A.  Problem Statement:  This activity includes the propagation and augmentation of five freshwater mussels at BISO that are listed as endangered species (Appendix 1) because of rapid decline in water quality from pollution. Recovery plans from the U.S. Fish & Wildlife Service (FWS) call for these activities. Four other endangered species that were extirpated from the park will be collected and re-introduced into their former habitat. All other mussels that were extirpated from the park will also be included for re-introduction.  Project funds will support equipment, salaries, and travel to restore extirpated mussels. BISO has the third highest number of endangered mussel species on National Park Service lands. It also has the largest remaining population in the Cumberland River system for many mussel species. Historically, as many as 71 species were present in BISO. Currently, 26 species are found in BISO. The five federally listed species could serve as brood stock for future reintroductions and recovery efforts in BISO and other areas in the historical range.

B.  Background:  Recent surveys and extensive field experience by experts in the region indicates that (a) federally-listed freshwater mussels are under critical stress, and their reproduction is either non-existent or severely limited; (b) the controls governing the occurrence, recruitment, and productivity of mussels on various shoals are not understood; (c) extirpated species were found alive in river segments affected by severely cold water; and (d) the organisms responded favorably when re-introduced to normal conditions.
A recent status review of the 297 mussel species in the United States revealed significant nationwide declines. A profound increase in federal listings of threatened and endangered species has occurred in recent years. Approximately 25 percent of the mussel fauna is now federally listed and 12 percent are extinct. No other group of animals in the US approaches this level of imperilment. For a regional perspective, it is readily apparent that the “rain forest” of mussel diversity is in the southeastern United States, which includes the Cumberland and Tennessee River systems. Of the 129 freshwater mussel species in the Tennessee and Cumberland Rivers, 40 species are federally protected. 
Mussels are sensitive to physical or chemical changes in habitat suitability.  They are among the first to disappear due to anthropogenic disturbance. Their presence and expanded populations offer opportunities to ecologically improve aquatic river systems (e.g., water quality and food webs) so that species can be recovered to the point of delisting from the federal list of endangered species. Big South Fork mussels are brood stock for these efforts. Their loss would eliminate all mussel recovery efforts for these species in the Cumberland River system. 

The following excerpts provide additional background and justification for the project: 
“The purpose of this project is to restore freshwater mussel biodiversity and their ecological functions to the free-flowing reach of the Big South Fork of the Cumberland River (Big South Fork or “river”) within the Big South Fork National River and Recreation Area (National Area or “park”) and further the recovery of federally endangered mussels.  The ultimate goals of the recovery plans are to 1) maintain existing populations, 2) restore viable populations to former historic range, and 3) delist from the endangered species list.  The National Park Service is cooperating with the U.S. Fish and Wildlife Service to pursue conservation actions.  This effort is consistent with National Park Service (NPS) Management Policies (2001) to restore extirpated native species and recover all endangered species that belong in a park unit.  Management policies 2001 states in part: "Undertake active management to restore and maintain listed species, and re-established extirpated populations as necessary to maintain species and habitats upon which they depend” (Section 4.4.2.3).  
This action is further supported by the legislation that established BISO.  The legislation states in part that BISO was established: 

"For the purposes of conserving and interpreting an area containing unique cultural, historic, geologic, fish and wildlife, archeological, scenic, and recreational values, preserving as a natural, free-flowing stream the Big South Fork, major portions of its Clear Fork and New River stems, and portions of their various tributaries for the benefit and enjoyment of present and future generations, the preservation of the natural integrity of the scenic gorges and valleys and the area’s potential for healthful outdoor recreation and for the benefit of the economy of the region." (Public Law 93-251).”
"The tributary streams of the Tennessee and Cumberland River basins contain freshwater mussel species that are endemic to the southern Appalachian Mountains and the Cumberland Plateau region. Ortmann referred to these species as "Cumberlandian," and this region became known as one of the chief centers of freshwater mussel speciation. Ortmann (1924) defined the Cumberlandian region to include the drainages of the Tennessee River system from the headwaters to the vicinity of Muscle Shoals, in Colbert and Lauderdale Counties, Alabama; and the Cumberland River system from the headwaters to the vicinity of Clarksville, Montgomery County, Tennessee (Ortmann, 1925). Of the 90 species of unionids found in the Tennessee River, 37 are Cumberlandian, as are 27 of the 78 species found in the Cumberland River. These two assemblages contain the largest number of unionid species found in any of the world’s rivers (Johnson, 1980). Of the 23 American freshwater mussel species listed as endangered by the U.S. Department of Interior, 13 are members of the Cumberlandian faunal group." (Williams, J. D. 1993).
Historically, as many as 71 mussel species were present in BISO and currently only 26 species have been found. This project will transfer remnant populations of these species found outside of the park, but in marginal habitats, to the more suitable habitat in BISO and restore them to the park. Additionally, our partners operate artificial propagation programs and will donate help to augment natural reproduction. 
Recently the state wildlife agency discovered remnant populations of extirpated mussels existing below tailwaters from impoundments along the Cumberland River. These specimens were in a state of very cold existence, alive, not feeding very much and not reproducing. When the specimens were brought out to normal conditions, they began breeding and otherwise behaving normally. This condition describes poikiotherms, animals whose body temperature are subject to the various outside temperatures. Gametogenisis is not occurring in the animals that are below the outfall of impoundments because the temperature is too low.  Mussels thrive in free-flowing rivers. Four endangered species that were extirpated from the park are in these mussel beds. The state wildlife agency has no where to put these organisms with suitable habitat, except the middle reaches of BISO on the main river. 
This project proposes to restore the native fauna that was extirpated by harvesting the stranded specimens, and propagating them. We will also propagate the endangered species currently existing in the park. An Environmental Assessment with a FONSI was prepared with an approved plan to re-introduce the 45 species that were once present at BISO. This document presents a proposal to restore the mussel fauna of the free-flowing reach of the Big South Fork (BSF) of the Cumberland River in BISO, Morgan, Scott, and Fentress Counties in north-central Tennessee, and McCreary County in southeastern Kentucky. 

C.  Specific Objectives To Be Addressed:  Augmenting and reintroducing confirmed extirpated populations in the BSF would:  (1) increase the likelihood of recruitment in currently occupied habitat, (2) increase the expansion rate of species into suitable, unoccupied historical habitat within the free-flowing reach of the BSF, (3) increase the chance of the species’ continued existence in currently occupied river reaches, (4) reestablish historical populations, (5) assist in creating viable populations, which could lead to recovery (delisting) of some currently listed species, and (6) help stabilize declining non-listed species, potentially preclude the need for Federal listing.   

D.  Environmental Planning:   The proposed actions for the federally listed mussels are: (a) consistent with the purposes of the 1973 Endangered Species Act, as amended (Act), (b) compatible with the goal of the 1916 National Park Service Organic Act.

The approved Environmental Assessment (EA) and FONSI were completed and signed in 2001.   This project proposes to restore the native fauna that was extirpated by harvesting and propagating the stranded specimens. We will also propagate the endangered species currently existing in the park. An EA with a FONSI was prepared with an approved plan to re-introduce the 45 species that were once present at BISO. This document presents a proposal to restore the mussel fauna of the free-flowing reach of the BSF of the Cumberland River in BISO, Morgan, Scott, and Fentress Counties in north-central Tennessee, and McCreary County in southeastern Kentucky. 
The state wildlife agencies have formal cooperative agreements with the USFWS to actively manage T&E species and the work will be conducted under these partnerships.
E.  Principal Project Managers:  The proposed mussel program is a collaborative initiative.  The plan was developed through the cooperative efforts of the following state and federal agencies: 
· Tennessee Wildlife Resources Agency 

· Tennessee Department of Environment and Conservation 
· Kentucky Department of Fish and Wildlife Resources 
· Kentucky Division of Water - Kentucky State Nature Preserves Commission 
· U.S. Fish and Wildlife Service (Frankfort KY, Asheville, NC and Cookeville, TN Field Offices) 
· U.S. Geological Survey, Knoxville, TN  

The principal project manager and COTR is Steve Bakaletz (National Park Service, BISO wildlife biologist). Steve Ahlstedt will be the  Principal Investigator  and the lead biologist. Other relevant specialists, consultants, and investigators include: 
· Steve Ahlstedt (U.S. Geological Survey [USGS], Retired malacologist); 
· Bob Butler, aquatic biologist(FWS, Ashville N.C.); 
· Geoff Call, biologist (FWS, Cookeville TN.); 
· Mark Fagg, aquatic biologist (Tennessee Wildlife Resources Agency [TWRA];
· Steve Fraley, aquatic biologist (North Carolina Wildlife Resources Commission [NCWRC]);
· Jeff Garner, malacologist (Alabama Department of Conservation and Natural Resources [ADCNR]);
· Shane Hanlon, aquatic biologist (FWS, Abington, VA);
· Don Hubbs, malacologist and crew leader (TWRA);
· Roberta Hylton, aquatic biologist (FWS, Abington,VA);
· Jess Jones, malacologist (FWS, Abington,VA);
· Leroy Koch, aquatic biologist (FWS, Frankfort KY);
· Steve Alexander, biologist (FWS, Cookeville TN);
· Mike Pinder, aquatic biologist (Virginia Department of Game and Inland Fisheries [VDGIF] Abington,VA).
· Monte A. McGregor, Ph.D.  Aquatic Research Biologist/Malacologist, Kentucky Department of Fish and Wildlife Resources
STUDY/IMPLEMENTATION PLAN 
A.  Approach and Methods:
2. Maintain current mussel conservation efforts within the BSF.  This will be accomplished through existing programs to improve water and habitat quality parameters within the BISO and through other habitat restoration and conservation efforts in the BSF watershed.    
3. Augment existing federally listed and non-listed mussel populations with juveniles propagated from parents collected within the BSF.  Population augmentations would be conducted as follows:  (a) gravid females would be collected from the BSF and brought to propagation facilities (e.g., Virginia Cooperative Fish and Wildlife Research Unit, Blacksburg, VA; and Tennessee Cooperative Fisheries Research Unit, Cookeville, TN); (b) juveniles would be produced; and (c) the adult females along with the propagated juveniles would be returned to the BSF. 

4. Reintroduce federally listed and non-listed species (see Table 1 in Appendix 1) that historically inhabited the BSF using adults and propagated juveniles from populations outside the BSF.  Reintroductions would be conducted using adults and propagated juveniles.  The juvenile propagation and reintroduction procedures would be similar to the augmentation procedures outlined under Number 2, above.  However, as the species to be reintroduced no longer occur in the BSF, the parental stock would come from outside the BSF.  Adults for reintroduction would also be collected from outside the BSF. Reintroductions would be done in areas where impacts to existing recreational activities will be minimized.                      

5. Monitor the progress of the project.  The partners will assist in monitoring (based on availability of funds) the project to determine if:  (a) the project has a reasonable chance of success, (b) the methods need to be revised, (c) additional research is needed, (d) the project objectives are reasonable, and (e) the project should continue. The time frame will be simultaneously with the project and followed up by the NPS Inventory and Monitoring Program.  
Measurable results will include increases in the numbers of progeny returned to the river, species richness, and mussel density. Restoration to historic conditions will be the ultimate goal. Restoring mussel biodiversity to the Big South Fork will fulfill essential tasks identified in the U.S. Fish and Wildlife Service mussel recovery plans and would meet NPS policy to restore native species. The duration of the impact would be long-term if the project is a success. The context is a nationally important aquatic biota that is in danger of extinction. This project offers an opportunity to partner with other agencies so BISO may serve as a refugium for threatened and endangered mussels.
6. Interpretive component.  Seven details of the interpretive component are:
a.  The issues the park seeks to mitigate and is requesting funding to address include:  providing information to the public about pollution and how the organisms were extirpated from the park and why re-introduction was necessary.  

b.  The message(s) that the park wants to convey to the public (or other audiences) relevant to this issue include:  The message that reclamation is a job that needs to be done for ecology to function properly.
c.  The most important target audience(s) for the message is:  the public that uses the river. 
d.  The specific media or method(s) that will be most effective to communicate the message is:
1) free standing exhibit for the visitor center and 
2) a traveling display highlighting the uniqueness of mussels and aquatic ecology and existing threats to river systems. A similar panel exhibit was developed by the FWS outreach program and tested at both OBRI and BISO.  
e.  Evaluation criteria that may be used to measure the success of this communication effort: the number of requests for borrowing the traveling exhibit. 
f.  The plan for establishing connections with communications specialists include:  using the contractors that developed the other exhibits
g.  An itemized budget including communications services and/or products to fulfill the Interpretive Component will be developed.  The estimated total cost for the free standing exhibit and a traveling display is about $7,400.  Funds from the last year’s budget (FY2009) will be used. An itemized budget cannot be prepared at this time for the display, but the costs are projected to be similar to the last time a free standing exhibit was developed in FY 2002.
B.  Tasks, Organization, and Schedule
The following actions proposed for work in three years include:

(1) Augment existing populations of six federally listed mussels:  Cumberland bean (Villosa trabalis), Cumberlandian combshell (Epioblasma brevidens), oyster mussel (E. capsaeformis), tan riffleshell (E. walkeri), little-wing pearlymussel (Pegias fabula), and Cumberlandian elktoe (Alasmidonta atropurpurea), 
(2) Reintroduce historical populations of four federally listed mussels:  clubshell (Pleurobema clava), cracking pearlymussel (Hemistena lata), dromedary pearlymussel (Dromus dromas), and orangefoot pimpleback (Plethobasus cooperianus).  These mussels would also be candidates for propagation if they are in suitable reproductive form, if they are not in suitable form, they may be taken to a propagation facility at a future date but not part of this funding request.
(3) Identified as tasks in the U.S. Fish and Wildlife Services (FWS) approved recovery plans for these species. It is unlikely that these federally listed species can be reclassified from endangered to threatened or recovered and removed from the Acts protection without augmenting and expanding existing populations and reestablishing populations back into historical habitats like the BSF. Similar efforts for these and other federally listed, candidate, and non-listed mussels are underway in other southeastern river systems.
	                    Task
	      Responsible party
	           Time frame

	Reintroduce historical specimens
	Steve Ahlstedt
	24 months after award of contract

	Augmentation
	Monte A. McGregor, Kentucky Department of Fish and Wildlife Resources
	24 months after specimen collection  

	Recovery plan oversight
	Leroy Koch, USFWS/KY

Geoff Call, USFWS/TN
	Throughout project
Throughout project

	Final Completion Report  
	Steve Ahlstedt
	End of project, before final payment

	Dive crew leader
	Don Hubbs
	6 months after award of contract


DELIVERABLES AND OTHER REPORTING REQUIREMENTS
A. Annual Accomplishment Report:  A 300 word annual accomplishment report will provide the number of hours worked, number of specimens re-introduced, and number of species re-introduced.
B. Final Accomplishment Report:  A 300 word abstract will describe the work completed during the entire project along with the products produced by the interpretive component.
C. Final Completion Report:  A final completion report will include an introduction, methods and study area, results, discussion, conclusion, and management recommendations.  It will document GPS locations in a GIS format showing transplant locations, species re-introduced, and numbers of individuals.

QUALITY ASSURANCE, QUALITY CONTROL, AND DATA QUALITY OBJECTIVES
The lead biologist, Steve Ahlstedt, will be responsible for verifying the accuracy of the data collected and for identification of specimens brought back to the park. Mr. Ahlstedt will also inspect mussels for invasive non-native mussels and take appropriate steps to insure the park is not contaminated with exotics. Mr. Ahlstedt will coordinate with propagation facilities to insure the proper specimens are brought to the facility. All necessary permits will be acquired by Mr. Ahlstedt.  The project manager, Steve Bakaletz, will provide guidance for site locations in the park and other park related issues such as the interpretive component.
BUDGET - COSTS
The budget for each year is $48,000.  The total cost for the three year project (FY2007 to 2009) is $144,000.  
Contract and cooperator costs (Tennessee Wildlife Resources Agency dive team) are covered under personnel services. There will be six days of dive work per year for a total of $11,400.  The three person crew will survey 7.5 hours per day.  Their salary and benefits ($1,000), truck ($200), dive boat ($400), diving gear ($200), and supplies ($100) will total $1,900.  

The principal investigator’s rate will be $560 per day for approximately 20 days of work each year for a total of $11,200. There is no overhead cost.  The travel, supplies, and laboratory services will be $18,000. The interpretive component will be spread over the three years.   
Table 1.  Budget for each of the three years. 
	ITEM
	NOTES
	NO.
	COST
	TOTAL

	Personnel services costs
	Dive team members, cost to be equally distributed among members
	1
	$11,400
	$11,400

	Principal investigator
	Leads members to collecting sites and identifies specimens
	20 days
	$560/day
	$11,200

	Travel and transportation costs
	Visits to sites to find mussels (fuel re-imbursements) 
	1
	$4,000
	$4,000

	Supplies and equipment costs
	Replace wet and dry suits 
	8
	$500
	$4,000

	Other costs
	Laboratory services for propagating mussels 
	1
	$14,933
	$14,933

	Public outreach
	Interpretive display
	1
	$2,467
	$2,467

	YEAR TOTAL
	$48,000

	THREE YEAR TOTAL
	$144,000
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I.
INTRODUCTION

This document presents a proposal to restore the mussel fauna of the free-flowing reach of the Big South Fork of the Cumberland River (BSF) in the Big South Fork National River and Recreation Area (BISO), Morgan, Scott, and Fentress Counties in north-central Tennessee, and McCreary County in southeastern Kentucky.   Specifically, the following actions are proposed (Table 1):  (1) augment existing populations of six federally listed mussels--Cumberland bean (Villosa trabalis), Cumberlandian combshell (Epioblasma brevidens), oyster mussel (E. capsaeformis)
, tan riffleshell (E. walkeri), little-wing pearlymussel (Pegias fabula), and Cumberlandian elktoe (Alasmidonta atropurpurea)--and one candidate for federal protection--fluted kidneyshell (Ptychobranchus subtentum); (2) augment existing populations of two non-listed mussels--purple wartyback (Cyclonaias tuberculata) and elephantear (Elliptio crassidens), (3) reintroduce historical populations of four federally listed mussels--clubshell (Pleurobema clava), cracking pearlymussel (Hemistena lata), dromedary pearlymussel (Dromus dromas), and orangefoot pimpleback (Plethobasus cooperianus); and (4) reintroduce historical populations (confirmed historical record of the species from the BSF) eleven non-listed mussels--mucket (Actinonaias ligamentina), spectaclecase (Cumberlandia monodonta), butterfly (Ellipsaria lineolata), longsolid (Fusconaia subrotunda), threehorned wartyback (Obliquaria reflexa), round hickorynut (O. subrotunda), Ohio pigtoe (P. cordatum), Tennessee clubshell (P. oviforme), pyramid pigtoe (P. rubrum), rabbitsfoot (Quadrula cyclindrica cylindrica), and deertoe (Truncilla. truncata).  The proposed actions for the federally listed mussels are:  (1) consistent with the purposes of the 1973 Endangered Species Act, as amended (Act), (2) compatible with the goal of the 1916 National Park Service Organic Act, and (3) identified as tasks in the U.S. Fish and Wildlife Service’s (FWS) approved recovery plans for these species.  It is unlikely that these federally listed species can be reclassified from endangered to threatened or recovered and removed from the Act’s protection without augmenting and expanding existing populations and reestablishing populations back into historical habitats like the BSF.  Similar efforts for these and other federally listed, candidate, and non-listed mussels are underway in other southeastern river systems.  

Table 1.  Mussels proposed for augmentation or reintroduction into the Big South Fork of the Cumberland River  A = Augment; R = Reintroduce; E = Federally endangered.  

                                                                 Populations                  Populations 

                                                                      to be                           to be 

Species                                                    Augmented                 Reintroduced
Actinonaias ligamentina

R


Alasmidonta atropurpurea E
A


Cumberlandia monodonta

R

    Populations                  Populations 

                                                                      to be                           to be 

Species                                                    Augmented                 Reintroduced
Cyclonaias tuberculata
A
Dromus dromas E

R



Ellipsaria lineolata

R
Elliptio crassidens
A
Epioblasma brevidens E
A
Epioblasma capsaeformis
 E
A
Epioblasma walkeri
 E
A


Fusconaia subrotunda

R
Hemistena lata E

R
Obliquaria reflexa

R


Obovaria subrotunda

R
Pegias fabula E
A


Plethobasus cooperianus E

R


Pleurobema clava E

R


Pleurobema cordatum

R


Pleurobema oviforme

R
Pleurobema rubrum

R


Ptychobranchus subtentum
A
Quadrula c. cylindrica

R
Quadrula metanevra

R
Truncilla truncata

R
Villosa trabalis E
A

II.
BACKGROUND

North America’s freshwater mussel fauna, particularly the fauna in the southeastern United States, is globally significant (Neves et al. 1997).  T.A. Conrad wrote in a paper presented to the Academy of Natural Sciences of Philadelphia in 1834:  “The great variety and beauty of the fresh water shells of this country are truly surprising.  Whilst the streams of Europe contain very few species, not remarkable for elegance of color or variety, the rivers of Ohio, Kentucky, Tennessee, Alabama, etc., contain at least one hundred species of almost every imaginable shape.”  

Of the 297 mussel species known from U.S. waters, over 90 percent occur in the Southeast (Williams et al. 1993).  Currently, nearly 25 percent of the Southeast’s mussel fauna are federally listed and about 12 percent are extinct.  No other native faunal group approaches this level of imperilment.  

The States of Virginia and Tennessee, in cooperation with the FWS and the U.S. Geological Survey (USGS), have been actively pursuing mussel life history studies and developing mussel propagation and reintroduction technology for nearly 20 years with the aim of recovering this fauna.  Progress in these research areas has been successful in recent years (e.g., fish hosts have been identified, endangered mussels have been reared in captivity and used to augment existing populations, non-endangered mussels have been successfully reintroduced and have reproduced in historical habitat).  Additionally, through the efforts of the National Park Service (NPS), Tennessee Valley Authority, Environmental Protection Agency, State water resources and natural resources agencies, non-governmental conservation organizations (e.g., The Nature Conservancy, World Wildlife Fund, local watershed restoration groups), industry, and municipalities, some rivers and river reaches that once supported a diverse mussel fauna have been restored sufficiently to again support mussels.  Thus, the FWS and its many partners are poised to implement a major mussel recovery effort. 

Historically, it is believed the BSF supported at least 71 mussel species (Table 2).  Currently, only 25 species remain (Table 2); six 
 are federally protected (Table 1).  Although the decline is considerable, S. Ahlstedt believes, based on recent mussel surveys, that the river is “trying to recover.”  The river’s recovery is also reflected in its fish fauna, which appears to be experiencing some degree of recovery (David Etnier, University of Tennessee and Pat Rakes, Conservation Fisheries Inc., personal communication, 2001).  Thus, opportunities exist to recover the BSF’s mussel fauna and assist in recovering endangered mussels.

Table 2.  Mussel species that are currently documented from the Big South Fork Cumberland River (BSF) = CD; historically documented from the BSF = HD; probably historically occurred in the BSF = PH; presumed to be extinct throughout its range = PE; and questionable identifications of the species reported from the BSF = ?.  (Adapted from Parmalee and Ahlstedt 2000)

Species
 Common Name                   References*
Actinonaias ligamentina HD 
mucket 
2,4,5,7,8,9,10,12 

Actinonaias pectorosa CD 
pheasantshell
1,2,3,4,5,6,7,8,9,11 

Alasmidonta atropurpurea CD 
Cumberland elktoe 
1,3,4,6,8,9,10,11 

Alasmidonta viridis CD
slippershell mussel
1,2,4,5,8,9,10 

Amblema plicata plicata PH
threeridge 
2,5,9

Anodontoides ferussacianus CD
cylindrical papershell
M. Gordon (per. comm.)

Cumberlandia monodonta HD
spectaclecase 
9,12 

Cyclonaias tuberculata CD
purple wartyback 
2,4,7,9,12 

Dromus dromas HD
dromedary pearlymussel 
9,12 

Ellipsaria lineolata HD
butterfly 
9,12 

Elliptio crassidens CD
elephantear 
1,4,5,7,8,9,12 

Elliptio dilatata CD
spike
1,2,3,4,5,6,7,8,9,10,11,12 

Epioblasma arcaeformis HD-PE
sugarspoon
4,8,9,12 

Epioblasma biemarginata HD-PE
angled riffleshell 
8,9 

Species
 Common Name                   References*
Epioblasma brevidens CD
Cumberlandian combshell 
1,2,3,4,6,8,9,12 

Epioblasma capsaeformis
 CD-?
oyster mussel 
4,7,8,9,11(?),12

Epioblasma f. florentina HD-PE
yellow blossom 
9,12

Epioblasma walkeri
 CD-?
tan riffleshell 
1(?),3,6,7,9 
Epioblasma haysiana HD-PE
acornshell 
4,7,9,12 

Epioblasma lewisii PH-PE
forkshell 
9

Epioblasma o. obliquata PH
catspaw 
9

Epioblasma stewardsoni PH-PE
Cumberland leafshell 
9

Epioblasma triquetra PH
snuffbox 
4,9


Fusconaia barnesiana HD-? 
Tennessee pigtoe
2(?),12(?) 

Fusconaia flava PH
Wabash pigtoe
9

Fusconaia subrotunda HD 
longsolid 
2,4,9,12 

Hemistena lata HD
cracking pearlymussel 
4,8,9,11,12 

Lampsilis abrupta PH
pink mucket 
9

Lampsilis cardium CD
plain pocketbook
1,3,4,5,6,8,9 

Lampsilis fasciola CD
wavy-rayed lampmussel
1,2,3,4,5,7,8,9,12

Lampsilis ovata CD
pocketbook
2,4,6,7,8,9,10,11,12 

Lasmigona costata CD
fluted-shell
1,2,3,4,5,6,8,9,10,11,12 

Leptodea fragilis CD
fragile papershell
1,2,4,9,12 

Leptodea leptodon PH
scaleshell
9

Ligumia recta CD
black sandshell
1,2,3,4,5,6,7,8,9,10,11,12 

Medionidus conradicus CD
Cumberland moccasinshell
1,2,3,4,5,9,11,12 

Megalonaias nervosa PH
washboard
9

Obliquaria reflexa HD
threehorn wartyback 
4,9,12 

Obovaria retusa PH
ring pink
9

Obovaria subrotunda HD
round hickorynut 
2,4,9,12 

Pegias fabula CD
little-wing pearlymussel 
1,2,3,4,5,6,9,11 

Plethobasus cooperianus HD
orangefoot pimpleback 
9

Plethobasus cyphyus PH
sheepnose 
9

Pleurobema clava HD
clubshell 
1(?),9,12 

Pleurobema cordatum HD
Ohio pigtoe 
9,12(?) 

Pleurobema oviforme HD
Tennessee clubshell 
1,3,4,5,8,9,11 

Pleurobema plenum PH
rough pigtoe 
9

Pleurobema rubrum HD
pyramid pigtoe 
9,12 

Pleurobema sintoxia CD
round pigtoe
1,3,4,5,6,8,9,11,12 

Potamilus alatus CD
pink heelsplitter
1,2,3,4,6,7,8,9,11,12 

Potamilus ohiensis PH 
pink papershell
9

Ptychobranchus fasciolaris CD
kidneyshell
1,2,3,4,5,6,7,8,9,11,12 

Ptychobranchus subtentum CD
fluted kidneyshell 
2,3,4,5,8,9,11,12 

Pyganodon grandis HD
giant floater
4,9 

Species
 Common Name                   References*
Quadrula c. cylindrica HD
rabbitsfoot 
4,9,12 

Quadrula fragosa HD-?
winged mapleleaf
12(?) 

Quadrula metanevra PH
monkeyface 
9

Quadrula p. pustulosa CD
pimpleback
1,3,4,6,7,8,9,10,11 

Quadrula quadrula HD-? 
mapleleaf
12(?) 

Strophitus undulatus CD
creeper
1,3,4,5,6,8,9,11,12 

Toxolasma lividus PH
purple lilliput
2,4,5,9

Toxolasma parvus PH
lilliput
4

Tritogonia verrucosa CD
pistolgrip
1,2,3,4,6,8,9,10,11,12 

Truncilla donaciformis HD
fawnsfoot
7,9 

Truncilla truncata HD
deertoe 
4,9,12 

Utterbackia imbecillis HD
paper pondshell
4,9 

Villosa iris CD
rainbow
1,2,3,4,5,8,9,10,11,12 

Villosa lienosa HD
little spectaclecase
4,9 

Villosa taeniata CD
painted creekshell
1,2,3,4,5,6,8,9,10,11,12 

Villosa trabalis CD
Cumberland bean  
1,2,3,4,5,6,9,11,12 

Villosa vanuxemensis HD-?
mountain creekshell
7(?),9(?) 

*References

7. Ahlstedt, S. A., S. Bakaletz, and M. Fagg. 2001. Preliminary survey of the freshwater mussels of the Big South Fork Cumberland River system in Tennessee and Kentucky. Presented at the 2nd Freshwater Mollusk Conservation Society symposium in Pittsburgh, Pennsylvania, March 12-15, 2001.
8. Ahlstedt, S. A., and C. F. Saylor.  1995-1996.  Status survey of the little-wing pearlymussel Pegius fabula (Lea 1838).  Walkerana  8(19):81-105.
9. Bakaletz, S.  1986.  Mussel survey of the Big South Fork National River and Recreation Area. MS Thesis, Tennessee Technological University, Cookeville. 61 pp.
10. Cicerello, R. R., M. L. Warren, Jr., and G. A. Schuster.  1991.  A distributional checklist of the freshwater unionids (Bivalvia:Unionoidea) of Kentucky. American Malacological Bulletin 8(2):113-129.
11. DiStefano, R. J.  1984.  Freshwater mussels (Bivalvia:Unionidae) of Horse Lick Creek, Rockcastle River, Kentucky.  Nautilus 98:110-113.
12. Ecological Specialists, Inc.  2000.  Assessment of horse crossing on unionids in the Big South Fork River, Big South Fork NRRA, Tennessee.  Prepared for Big South Fork National and River Recreation Area, National Park Service, U. S. Department of Interior, Oneida, Tennessee. ESI Project #99-025. 28 p.
13. Neel, J. K., and W. R. Allen.  1964.  The mussel fauna of the upper Cumberland basin before its impoundment. Malacologia 1:427-459.
14. Parmalee, P. W., and A. E. Bogan.  1998.  The freshwater mussels of Tennessee. The University of Tennessee Press, Knoxville. 328 pp.
15. Schuster, G. A.   1988.  The distribution of unionids (Mollusca:Unionidae) in Kentucky. Project No. 2-437R. Report to Kentucky Department of Fish and Wildlife Resources, Frankfort. 1099 pp.
16. 10.  Shoup, C. S., and J. H. Peyton.  1940.  Collections from the drainage of the Big          South Fork of the Cumberland River in Tennessee.  Tennessee Department of               Conservation, Division of Game and Fish, Miscellaneous Publications Nos. 1 and           2:106-116.
17. Starnes, L. B., and A. E. Bogan.  1988.  The mussels (Mollusca:Bivalvia:Unionidae)               of Tennessee. American Malacological Bulletin 6(1):19-37.
18. Wilson, C. B., and H. W. Clark.  1914.  The mussels of the Cumberland River and       its tributaries. United States Fish Commission, United States Bureau of Fisheries           Document No. 781:1-63.

On February 26, 2001, representatives of several agencies [Tennessee Wildlife Resources Agency, Tennessee Department of Environment and Conservation, Kentucky Department of Fish and Wildlife Resources, Kentucky Division of Water, Kentucky State Nature Preserves Commission, FWS (Asheville, North Carolina and Cookeville, Tennessee field offices), USGS, and NPS (BISO and Obed Wild and Scenic River)] met at BISO headquarters, Oneida, Tennessee, to address restoring BSF’s mussel biodiversity.  All agencies represented supported the concept of initiating mussel recovery efforts in the BISO. 

III.
PROJECT OBJECTIVE 

Restore freshwater mussel biodiversity and their ecological functions to the free-flowing reach of the BSF within the BISO and further the recovery of federally endangered mussels through augmenting existing populations and reintroducing confirmed extirpated populations.  

Augmenting and reintroducing confirmed extirpated populations in the BSF (see Table 1) would:  (1) increase the likelihood of recruitment in currently occupied habitat, (2) increase the expansion rate of species into suitable, unoccupied historical habitat within the free-flowing reach of the BSF, (3) increase the chance of the species’ continued existence in currently occupied river reaches, (4) reestablish historical populations, (5) assist in creating viable populations, which could lead to recovery (delisting) of some currently listed species, and (6) help stabilize declining non-listed species, potentially preclude the need for Federal listing.   

IV.
METHOD 

            A.        Maintain current mussel conservation efforts within the BSF:  

This will be accomplished through existing programs to improve water and habitat quality parameters within the BISO and through other habitat restoration and conservation efforts in the BSF watershed.    

B.
Augment existing federally listed and non-listed mussel populations (see Table 1) with juveniles propagated from parents collected within the BSF.  

Population augmentations would be conducted as follows:  (1) gravid females would be collected from the BSF and brought to propagation facilities (e.g., Virginia Cooperative Fish and Wildlife Research Unit, Blacksburg, Virginia; Tennessee Cooperative Fisheries Research Unit, Cookeville, Tennessee); (2) juveniles would be produced; and (3) the adult females along with the propagated juveniles would be returned to the BSF. 

C.
Reintroduce federally listed and non-listed species (Table 1) that historically inhabited the BSF using adults and propagated juveniles from populations outside the BSF.  

Reintroductions would be conducted using adults and propagated juveniles.  The juvenile propagation and reintroduction procedures would be similar to the augmentation procedures outlined under Number 2, above.  However, as the species to be reintroduced no longer occur in the BSF, the parental stock would come from outside the BSF.  Adults for reintroduction would also be collected from outside the BSF. Reintroductions would be done in areas where impacts to existing recreational activities will be minimized.                      

            D.        Monitor the progress of the project.

The partners will assist in monitoring (based on availability of funds) the project to determine if:  (1) project has a reasonable chance of success, (2) methods need to be revised, (3) additional research is needed, (4) project objectives are reasonable, (5) project should continue.
 V.     MUSSEL POPULATIONS TO BE AUGMENTED OR REINTRODUCED 

Federally Listed and Candidate Mussel Populations (Existing) to be Augmented
Cumberland bean, Villosa trabalis (Conrad 1834):  The Cumberland bean was listed as endangered June 14,1976 (41 FR 24064); its recovery plan was approved August 22, 1984 (FWS, 1984a).  This species was historically known from numerous river systems in the Cumberland [including the BSF (see Table 2)] and Tennessee River basins.  Although none of the known fish hosts [fantail darter, barcheek darter, striped darter, and Tennessee snubnose darter (Layzer, personnel communication, 2001)] are known to occur in the main stem, these fish are known from BSF tributaries and the Cumberland bean is currently reproducing in the BSF.  Recovery criteria include:  (1) restoring viable populations in Buck Creek and the Rockcastle and Little South Fork Rivers in Kentucky, (2) re-establishing or discovering viable populations in two additional rivers, and (3) insuring that no foreseeable threats threaten the continued existence of any viable populations. 

Cumberland elktoe, Alasmidonta atropurpurea (Rafinesque 1831):  The Cumberland elktoe was listed as endangered January 10, 1997 (62 FR 1647); a technical draft recovery  plan was completed June 1998 (FWS 1998).  The Cumberland elktoe, endemic to the upper Cumberland River system,  continues to survive throughout the BSF system (Table 2).  Populations will be augmented via culturing and propagation using gravid females from the BSF.  Known fish hosts that occur in the BSF include the  rainbow darter, whitetail shiner, northern hog sucker, rock bass, and longear sunfish (Comiskey and Etnier, 1972; Gordon and Layzer, 1993).  Recovery criteria include:  (1) establishing at least four distinct viable populations, (2) documenting that two distinct naturally reproduced year classes exist within each viable populations, and (3) insuring that no foreseeable threats exist that would likely threaten the survival of any of the viable populations.

Cumberlandian combshell, Epioblasma brevidens (Lea 1831):  The Cumberlandian combshell was listed as endangered January 10, 1997 (62 FR 1647); a technical draft recovery plan was completed June 1998 (FWS 1998).  It was historically distributed throughout much of the Cumberlandian Region of the Tennessee and Cumberland River drainages in Alabama, Kentucky, Mississippi, Tennessee, and Virginia (Gordon 1991).  Other than the Clinch River, the BSF has the best surviving population.  Populations will be augmented via culturing and propagation using gravid females from the BSF.  Known fish hosts that occur in the BSF include the greenside darter (Comiskey and Etnier, 1972; Gordon and Layzer, 1989; Jones and Neves, 2000).  Recovery criteria include:  (1) protecting existing populations, reestablishing historical populations, or discovering currently unknown populations so at least seven distinct populations exist (two in the upper Cumberland River and five in the Tennessee River system; (2) documenting that two distinct naturally reproduced year class exists within each viable population; (3) insuring that no foreseeable threats exist that would likely threaten the survival of any viable population

Little-wing pearlymussel, Pegias fabula (Lea 1838):  The little-wing was listed as endangered November 14, 1988 (53FR 45861); its recovery plan was finalized September 22, 1989 (FWS 1989).  It was historically known from the Cumberland and Tennessee River systems.  Currently, it is known from only four rivers in the Tennessee River system and three rivers in the Cumberland River system.  The BSF has the best remaining population of this species.  Populations would be propagated and augmented using gravid females from the BSF.  Known fish hosts that occur in the BSF include greenside darter and emerald darter (Dr. James Layzer, Tennessee Cooperative Fisheries Research Unit, personal communication, 2001).  The recovery objectives include:  (1) thirteen viable populations (five viable populations in the Cumberland River system and eight viable populations in the Tennessee River system) and (2) insuring there are no foreseeable threats that would threaten the continued existence of any of these populations.   

Tan riffleshell, E. walkeri (Wilson and Clark 1914):  The tan riffleshell was listed as endangered August 23, 1977 (42 FR 42353); its recovery plan was completed October 1984 (FWS 1984b).  It was historically known from the Cumberland and Tennessee River systems (Bogan and Parmalee 1983, FWS 1984b).  The species historically occurred in the BSF and may still occur there (Table 2).  However, there is confusion regarding its continued existence in the BSF.  There is an Epioblasma currently in the BSF that some biologists believe is E. walkeri and others believe is E. capsaeformis.  DNA analysis is planned to help resolve this issue.  No matter what taxon this is, the populations will be augmented via culturing and propagation of gravid females from the BSF.  Known fish hosts for the tan riffleshell (greenside darter and banded darter) and oyster mussel (bluebreast darter and dusky darter) occur in the BSF (Comiskey and Etnier 1972, Gordon and Layzer 1989 and Jones and Neves 2000). Recovery criteria include:  (1) restoring the viability of the population in the Middle Fork Holston River, (2) re-establishing or discovering three additional viable populations, and (3) insuring there are no foreseeable threats that would threaten the continued existence of any of these populations.  

Oyster mussel, Epioblasma capsaeformis (Lea 1834):  The oyster mussel was listed as endangered January 10, 1997 (62 FR 1647); a technical draft recovery plan was developed June 1998 (FWS 1998).  It was historically distributed throughout much of the Cumberlandian Region of the Tennessee and Cumberland River drainages (Gordon 1991).  The species historically occurred in the BSF and may still occur there (Table 2).  However, there is confusion regarding its continued existence in the BSF (see above discussion under E. walkeri).  No matter what taxon this is, the populations will be augmented via culturing and propagation of gravid females from the BSF.  Known fish hosts for the tan riffleshell (greenside darter and banded darter) and oyster mussel (bluebreast darter and dusky darter) occur in the BSF (Comiskey and Etnier 1972, Gordon and Layzer 1989, and Jones and Neves 2000).  Recovery criteria include:  (1) re-establishing or discovering seven viable populations and (2) insuring there are no foreseeable threats that would threaten the continued existence of any viable population. 

Fluted kidneyshell, Ptychobranchus subtentum (Say 1825):  The fluted kidneyshell (a candidate for Federal protection) is a rare species endemic to the Tennessee and Cumberland River system.  It was known historically and recently collected from the BSF (Table 2).  As the BSF’s fluted kidneyshell population is very small, juveniles for augmentation will likely be accomplished using parental stock from the Little South Fork Cumberland River or Buck Creek.  Fish hosts include the rainbow darter, redline darter, barcheek darter, fantail darter, and banded sculpin. 

Non-listed Mussel Populations (Existing) to be Augmented
Purple wartyback, Cyclonaias tuberculata (Rafinesque, 1820):  The purple wartyback is a common, widespread species in the Tennessee and Cumberland River system.  It was known historically from the BSF, and its present occurrence is based on collecting one live specimen in 2000 (Table 2).  As the BSF’s purple wartyback population is very small, juveniles for augmentation will likely to be accomplished using parental stock from the Cumberland River.  Fish hosts include the black bullhead, yellow bullhead, and channel catfish. 

Elephantear, Elliptio crassidens (Lamarck, 1819):  The elephantear is a common, widespread species in the Tennessee and Cumberland River system.  It was known historically from the BSF, and its present occurrence is based on collecting one live specimen in 2000 (Table 2).  As the BSF’s elephantear population is very small, juveniles for augmentation will likely be accomplished using parental stock from the Cumberland River.  The skipjack herring is a known fish host. 

Federally Listed Mussel Populations (Historical) to be Reintroduced
Clubshell, Pleurobema clava (Lamarck 1819):  The clubshell was listed as endangered January 23, 1993 (58 FR 5642); its recovery plan was finalized September 1993 (FWS 1993).  It occurred in the Ohio River (including the BSF) and Lake Erie basins, but it now survives in only a few small, isolated populations in both basins (FWS 1993).  One live specimen tentatively identified as P. clava was found in 1999 in the BSF.  If parental stock can not be found in the BSF, propagated juveniles could possibly come from the Green River or from rivers in the Upper Ohio River system.  Fish hosts are unknown.  Recovery criteria include:  (1) establishing ten viable populations, (2) populations to be large enough to survive a single adverse ecological event, and (3) ensuring that there are no foreseeable threats to the continued existence of any viable population.

Cracking pearlymussel, Hemistena (=Lastena) lata (Rafinesque 1820):  The cracking pearlymussel was listed as endangered September 28, 1989 (54 FR 39850); its recovery plan was finalized July, 1991 (FWS 1991a).  This widespread species historically occurred in the Ohio, Cumberland, and Tennessee Rivers (Parmalee and Bogan 1998, FWS 1991a).  It historically occurred in the BSF (Table 2) and known fish hosts that occur in the BSF include stoneroller and whitetail shiner (Comiskey and Etnier 1972, Jones and Neves 2000).  This species presently survives at only a few shoals in the Clinch and Elk Rivers in Tennessee and Virginia (Bogan and Parmalee 1983).  Clinch River stock would likely be used to produce juveniles for reintroduction.  Recovery criteria include the creation of eight viable populations.

Dromedary pearlymussel, Dromus dromas (Lea 1845):  The dromedary pearlymussel was listed as endangered June 24, 1976 (40 FR 44329); its recovery plan was completed November 1983 (FWS 1983a).  This species historically occurred in the Cumberland [including the BSF (Table 2)] and Tennessee River systems (Bogan and Parmalee 1983).  If the species is not found in the Cumberland River, specimens for reintroductions would likely come from locally abundant populations in the Clinch River.  Known fish hosts that occur in the BSF include greenside darter and logperch (Comiskey and Etnier 1972, Jones and Neves 2000).  Recovery criteria include:  (1) re-establishing viable populations in five rivers and (2) insuring there are no foreseeable threats that would threaten the continued existence of any of these populations. 

Orangefoot pimpleback, Plethobasus cooperianus (Lea 1834):  The orangefoot pimpleback was listed as endangered June 24, 1976 (40 FR 44329); its recovery plan was completed August 1983 (FWS 1983b).  This species historically occurred in the Ohio, Cumberland [including the BSF (Table 2)], and Tennessee River systems (Bogan and Parmalee 1983).  If specimens are not found in the Cumberland River, parental stock for juvenile production could come from the lower Tennessee or Ohio Rivers.  The life history is currently being studied for this species by J. Layzer (Personal Communication, 2001).   Fish hosts are unknown.  Recovery criteria include:  (1) restoring the viability of current populations in the Ohio, Cumberland, and Tennessee Rivers, (2) re-establishing or discovering viable populations in two additional rivers, and (3) insuring there are no foreseeable threats that would threaten the continued existence of any of these populations.  

Non-listed Mussel Populations (Historical) to be Reintroduced
Mucket, Actinonaias ligamentina (Lamarck, 1819):  The mucket is rare in the main stem Tennessee and Cumberland River.  It was known historically from BSF (Table 2).  If the species is not found in the Cumberland River system, specimens for reintroductions will come from locally abundant populations in the Green River.  Known fish hosts that occur in the BSF include white bass, rock bass, smallmouth bass, and bluegill (Comiskey and Etnier 1972, Gordon and Layzer 1989).

Spectaclecase, Cumberlandia monodonta (Say, 1829):  The spectaclecase is a rare, widespread species in the Tennessee River system, but it is possibly extirpated from the Cumberland River.  It was known historically from the BSF (Table 2).  Specimens for reintroductions will likely come from locally abundant populations in the Clinch River.  Fish hosts are unknown.

Butterfly, Ellipsaria lineolata (Rafinesque, 1820):  The butterfly is a common, widespread species in the Tennessee and Cumberland River systems.  It was known historically from the BSF (Table 2).  Specimens for reintroductions will come from the Cumberland River.   Known fish hosts that occur in the BSF include freshwater drum (Gordon and Layzer 1989; P. Rakes, personal communication, 2001).

Longsolid, Fusconaia subrotunda (I. Lea, 1831):  The longsolid in an uncommon species in Tennessee and Cumberland River systems.  It was known historically from the BSF (Table 2).  If possible, specimens for reintroductions will come from the Cumberland River system.  The Clinch River could be an alternate source.  Fish hosts are unknown.

Threehorned wartyback, Obliquaria reflexa Rafinesque 1920:  The threehorned wartyback is relatively common in the main stem Tennessee and Cumberland Rivers and locally abundant in the Duck River.  It was known historically from the BSF (Table 2).   If possible, specimens for reintroductions will come from the Cumberland River system.  The Duck River could be an alternate source.  Fish hosts are unknown.

Round hickorynut, Obovaria subrotunda (Rafinesque 1920):  The round hickorynut is relatively rare in the Tennessee and Cumberland River system.   It was known historically from the BSF (Table 2).  If the species is not found in the Cumberland River, specimens for reintroductions will come from the Duck River.  Fish hosts are unknown.

Ohio pigtoe, Pleurobema cordatum (Rafinesque 1920):   The Ohio pigtoe is relatively rare but  widespread throughout the Tennessee and Cumberland River systems.  It was known historically from the BSF (Table 2).  Specimens for reintroduction will come from the Cumberland River. Known fish hosts that occur in the BSF include rosefin shiner and bluegill (Comiskey and Etnier 1972, Gordon and Layer 1989).

Tennessee clubshell, Pleurobema oviforme (Conrad, 1834):  The Tennessee clubshell is relatively rare but found throughout the Tennessee and Cumberland River systems.   It was known historically from the BSF (Table 2).  Parental stock for juvenile reintroductions will come from the Little South Fork Cumberland River.  Known fish hosts that occur in the BSF include stoneroller, river chub, common shiner, telescope shiner, and whitetail shiner (Comiskey and Etnier 1972, Gordon and Layzer 1989).

Pyramid pigtoe, Pleurobema rubrum (Rafinesque 1920):  The pyramid pigtoe is relatively rare but widespread throughout the Tennessee and Cumberland River system.  It was known historically from the BSF (Table 2).  Specimens for reintroductions will come from the Cumberland River.  Fish hosts are unknown.

Rabbitfoot, Quadrula c. cylindrica (Say 1817):  The rabbitsfoot is a rare species in the Tennessee and Cumberland River system.   It was known historically from the BSF (Table 2).  Specimens for reintroductions will come from the Duck River or Green Rivers.  Fish hosts are unknown.  However, host fish for the headwaters form of rough rabbitsfoot (Q. c. strigillata) include whitetail shiner and spotfin shiner.  Both fish species are present in the BSF (Comiskey and  1972, Gordon and Layzer 1989).

Deertoe, Truncilla truncata (Rafinesque 1920):  The deertoe is widespread and relatively common in the lower Tennessee and Cumberland River system.  It was known historically from the BSF (Table 2).  Specimens for reintroduction will come from the lower Cumberland River (Barkley Reservoir).  Known fish hosts that occur in the BSF include the freshwater drum (Gordon and Layzer 1989; P. Rakes, personal communication, 2001).

VI.
PROTECTING THE GENETIC INTEGRITY OF BSF’S MUSSEL FAUNA 
The following procedures will be followed to protect the genetic integrity of the BSF’s mussel fauna during the recovery effort: 

A.
Population Augmentation--adding individuals to the existing population in                            the BSF:

· Juvenile mussels will be propagated using brood stock from the BSF.  To reduce homozygosity, at least 10 gravid females, whenever possible, will be used over the life of the reintroduction project.  With some very rare species, this number may not be attainable.

B.
Reintroduction--returning juveniles or adults to historical habitat in the BSF
· Juveniles and adults for reintroduction will come from outside the BSF.  To match as closely as possible the genetics of the species that once existed in the BSF, the adults and brood stock for the reintroductions will be collected using the following criteria (in order of decreasing importance):

· Collect donor animals from populations in adjacent stream/tributary system in the same physiographic province.

· Collect donor animals from populations in adjacent stream/tributary system in an adjacent physiographic province.

· Collect donor animals from the only population with sufficient adults to produce progeny.

C.        Other Genetic Considerations:
· Priority should be given to critically imperiled endemic taxa versus. wide-ranging taxa when considering a propagation, augmentation, and reintroduction program.

· Donor populations should not be chosen strictly on the basis of ease in obtaining brood stock.

· Increasing genetic heterozygosity of propagated individuals to the fullest extent possible should be a significant consideration.

VII.
PROTECTING THE BSF AGAINST THE INVASION OF ZEBRA MUSSELS

The nonindigenous zebra mussel (Dreissena polymorpha) invaded the Great Lakes in the late 1980s and by 1990 was established in the Mississippi River and many of its larger tributaries (including the Cumberland and Tennessee Rivers).  In some areas, zebra mussels, which can attach in large numbers to the shells of live native mussels, have been implicated in the loss of entire mussel beds.  To ensure that zebra mussels are not accidentally introduced into the BSF during this recovery effort, the following precautions (based on procedures outlined by Gatenby et al. 1998; Layzer, personal communication, 2001) will be taken when mussels are collected in zebra mussel infested areas:

· Scrub native mussels with a plastic brush or scour-pad at the site of capture to remove all zebra mussels.

· Hold scrubbed native mussels in quarantine for a minimum of 30 days.

· Inspect native mussels for zebra mussels again after 30 days.  If any zebra mussels are found, native mussels will be scrubbed again and quarantined for another 30 days.

· Only when native mussels are determined to be free of zebra mussels will they be released into the BSF. 

VII.
HISTORICAL MUSSEL FAUNA OF THE BSF (Insuring that only species native to the BSF are released into the BISO)

Parmalee and Ahlstedt (2000) believe that the BSF historically supported 71 freshwater mussel species (Table 2).  As only limited historical mussel collections were made in the BSF (Wilson and Clark 1912, 1914; Neel and Allen 1964), no complete record exists of the BSF’s historical mussel fauna.  Thus, Parmalee and Ahlstedt (2000) relied on other information to develop their species list:  (1) historical mussel collection records (Wilson and Clark 1912, 1914; Neel and Allen 1964; Starnes and Bogan 1988; Schuster 1988; Gordon and Layzer 1989; Cicerello et al. 1991; Parmalee and Bogan 1998)  from the main stem Cumberland River near or at the mouth of the BSF (i.e., these species historically had unrestricted access to the BSF); (2) recent records from the BSF (Bakaletz 1991; Ecological Specialists, Inc. 2000; Ahlstedt et al. 2001); (3) information on historical and current species associations in other Cumberland River tributaries; and (4) the authors’ extensive knowledge of the Cumberland River system and its mussel fauna.  Although we will never know the BSF’s complete species list, Parmalee and Ahlstedt (2000) provide an excellent picture of the river’s likely historical mussel fauna.

However, to insure that no freshwater mussels are reintroduced into the BSF that did not historically occur there, we will limit this reintroduction effort to only species that have been historically reported from the BSF.  
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�Both Epioblasma capsaeformis and E. walkeri have been reported from the BSF, and the Epioblasma that currently exists in the BSF shares characteristics with both species.  Thus, because of taxonomic questions, it is unclear if one, both, or an undiscribed species exist in the BSF.  DNA analysis is planned to help resolve this issue.


� Both Epioblasma capsaeformis and E. walkeri have been reported from the BSF, and the Epioblasma that currently exists in the BSF shares characteristics with both species.  Thus, because of taxonomic questions, it is unclear if one, both, or an undiscribed species exist in the BSF.  DNA analysis is planned to help resolve this issue.


� See footnote 3.


� As noted in Footnote 1. there are the taxonomic issues regarding E. Walkeri and  E. capsaeformis in the BSF.  Thus, when the issues are resolved, the number of listed mussel species in the BSF could change.


�Both Epioblasma capsaeformis and E. walkeri have been reported from the BSF, and the Epioblasma that currently exists in the BSF shares characteristics with both species.  Thus, because of taxonomic questions, it is unclear if one, both, or neither E. capsaeformis or E. walkeri exist in the BSF.  DNA analysis is planned to help resolve this issue.


�See footnote Number 5.
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