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EXECUTIVE SUMMARY

History of This Document

The U.S. Fish and Wildlife Service (Service) organized a meeting of
representatives from several Federal and State natural resources agencies
and the commercial mussel industry in Aprii 1995. The meeting was
intended to provide guidance to the Service's Division of Fish Hatcheries
“regarding-thetr-involvement -in freshwater mussel conservation. - However:

because of the magnitude and.immediacy of the nationwide threats, the
group agreed that a coordinated effort of national scope was needed to
prevent further mussel extinctions and populations losses. To address
this need, the group decided to: (1) draft a National Strategy for the
Conservation of Native Freshwater Mussels (National Strategy) and

(2) estahlish a national ad hoc committee with broad based representation
from State, tribal, and Federal agencies, the mussel industry, private
conservation groups, and the academic community to help implement mussel
conservation at the national Tlevel. A draft National Strategy was
presented in October 1995, at a national mussel symposium in St Louis,
Missouri. Comments received at and subsequent to the symposium have been
incorporated into this revision of the National Strategy.

Status and Role of Freshwater Mussels

The world's greatest diversity of freshwater pearly mussels, nearly

300 species, resides in the continental United States. However, within
the last 50 years this rich fauna has been decimated by impoundments;
sedimentation: channelization and dredging; water poilution; and, more
recently, the nonindigenous zebra mussel. The Service categorizes this
faunal group as 6 percent extinct, 19 percent threatened or endangered,
and 23 percent as potentially warranting Federal protection. No other
widespread group of animals in North America approaches this level of
faunal collapse.

Freshwater mussels are a renewable rescurce, providing significant
ecological and economic benefits to the nation. They are ecologically
important as a food source for many aquatic and terrestrial animals: they
jmprove water quality by filtering contaminants, sediments, and nutrients
from our rivers; and because they are sensitive to toxic chemicals, they
serve as an early-warning system fo alert us to water quality problems.
In recent years the annual value of shells to the mussel shell industry
nas been estimated at $40 to $50 million dollars per year. The musse!



shells are used in the cultured peari and jewelry industries, and the
shell harvest provides employment to about 10,000 residents, primarily in
the Mississippi River basin.

Conservation Strategy Goals

The goal of this National Strategy is to conserve cur nation's
freshwater mussel fauna and ensure that their ecological and economic
value to society are maintained at a sustainable level. Specifically,
the purposes of this document are to: (1) identify the research,
management, and conservation actions necessary to maintain and recover
the mussel fauna; (2) increase government and public awareness of the
plight of these animals and their essential ecosystems and garner support
for species and habitat protection programs; and (3) foster creative
partnerships (working and funding) among Federal, State, tribal, and
Tocal governments and the private sector to restore the mussel fauna and
environmental quality to our rivers.

Critical Mussel Conservation Needs

® Fstablish a National Freshwater Mussel Ad Hoc Committee to coordinate
mussel conservation activities.

. Coordinate working and funding partnerships to conserve and recover
critically important mussel habitats.

» Monitor the spread of zebra mussels through a GIS data base and deveiop
predictive models on their spread and their impact(s} on native
mussels.

x Draft a quantitative protocol to ensure that native mussels are free of
zebra mussels when they are relocated to new environments.

» Move native mussel species at risk from zebra mussel infestations to
natural refugia within their historic ranges or to hatcheries.

= [nitiate mussel research on 1ife histories, population dynamics, and
environmental requirements.



Perfect glochidia transformation and juvenile rearing technology for
production level programs.

Develop protocols for captive maintenance. establishment of refugia,
and reintroduction.

Increase monitoring efforts to determine iocation, density, species
composition, and status of existing mussel communities.

Determine impact of habitat alterations on mussel populations. .

Utilize existing Federal, State, tribal, and local laws and regulations
to protect mussel resources and habitats.

Test cryopreservation technology on mussel embryos.

Develop and implement an educational program that increases government,
public, and industry awareness of the plight of mussels, threats posed
by zebra mussels and other factors, and the benefits of maintaining
healthy riparian zones and aquatic ecosystems for other aguatic and
aquatic-dependent flora and fauna.
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HISTORY OF THIS DOCUMENT

IN APRIL 1995 tHE U.S. FISH AND WILDLIFE SERVICE (SERVICE) SPONSORED A MEETING IN
ROANOKE , VIRGINIA, ATTENDED 8Y 24 INDIVIDUALS, FROM FEDERAL AND STATE AGENCIES,
ACADEMIA, AND INDUSTRY (SEE APPENDIX 1), WHO WERE FAMILIAR WITH FRESHWATER MUSSEL ISSUES.
THE PURPOSE OF THE MEETING WAS TO: (1) DISCUSS MANAGEMENT . RESEARCH, AND FUNDING NEEDS
FOR FRESHWATER MUSSEL CONSERVATION THROUGHOUT THE UNITED STATES AND (Z) PROVIDE GUIDANCE
TO THE SERVICE'S DIVISION OF FISH HATCHERIES REGARDING WHAT ROLE IT MIGHT PLAY IN

SUPPORTING MUSSEL CONSERVATICN.

THROUGHOUT THE MEFTING, CERTAIN RECURRING THEMES WERE EVIDENT: (1) IMMEDIATE
ACTION 1S NEEDED TO REVERSE THE DECLINE OF THE NATION'S MUSSEL FAUNA AND THE LOSS OF
HIGH-QUALTTY AQUATIC HABITATS; (2) BASIC MUSSEL RESEARCH MUST BE BROADENED AND
ACCELERATED: (3) CURRENT FUNDING LEVELS ARE INSUFFICIENT TO SUPPORT THE NEEDED EFFORT;
(4) COORDINATION AND PARTNERSHIPS AMONG GOVERNMENT AND PRIVATE ENTITIES ARE ESSENTIAL FOR
EFFECTIVE MUSSEL CONSERVATION: (b) IMPROVED INFORMATION EXCHANGE MECHANISMS ARE NEEDED;
(6) STANDARD MUSSEL SURVEY AND DIE-OFF ASSESSMENT METHODS ARE NEEDED; AND (/) ZEBRA
MUSSEL IMPACTS T0 ECOLOGICALLY AND COMMERCTALLY IMPORTANT MUSSEL RESQURCES MUST BE
ADDRESSED.

THE ATTENDEES RFCOGNIZED THAT NUMEROUS AGENCIES, ORGANIZATIONS, AND INDIVIDUALS ARE
WORKING ON SOME OF THE MUSSEL CONSERVATION ISSUES BEING DISCUSSED AT THE MEETING.
HOWEVER, 1T WAS ACKNOWLEDSED THAT THERE IS LITTLE COORDINATION AND COMMUNICATION AMONG
THESE VARIOUS MUSSEL CONSERVATION INITIATIVES. THE GROUP CONSENSUS WAS THAT MUSSEL
CONSERVATION WOULD BENEFIT FROM A CONSERVATION STRATEGY THAT ADDRESSED THE PLIGHT,
PROTECTION, AND RECOVERY OF MUSSELS ON A NATIONAL BASIS. A GROUP WAS FORMED TO DRAFT A
NATIONAL STRATEGY FOR THE CONSERVATION OF NATIVE FRESHWATER MUSSELS (NATIONAL STRATEGY)
AND MODEL IT ON THE SUCCESSFUE UPPER MISSISSIPPI STRATEGIC MUSSEL PLAN DEVELOPED BY THE
UPPER MISSISSIPPI RIVER CONSERVATION COMMITTEE. A DRAFT OF THE NATIONAL STRATEGY WAS
PRESENTED AT A MUSSEL SYMPOSIUM (THE CONSERVATION AND MANAGEMENT OF FRESHWATER MUSSELS
IT: INITIATIVE FOR THE FUTURE) HELD OcTOBER 16-18, 1995, S7. LOUIS, MISSOURT (MUSSEL
SyMPOSTUM) . COMMENTS ON THE NATIONAL STRATEGY RECEIVED AT AND SUBSEQUENT TO THE MUSSEL
SYMPOSIUM HAVE BEEN INCORPORATED INTO THIS DRAFT (SFE APPENDIX I).

THIS NATIONAL STRATEGY PRESENTS AN OUTLINE OF SUGGESTED GOALS AND STRATEGIES FOR A
NATIONAL MUSSEL CONSERVATION PROGRAM. THESE STRATEGIES DO NOT ENCOMPASS ALL THE
CONSERVATION ACTIVITIES THAT ARE CURRENTLY UNDERWAY NOR DO THEY IDENTIFY ALL ACTIVITIES
THAT WILL BE NEEDED FOR THE LONG-TERM CONSERVATTON OF MUSSELS. THEY ARE OFFERED AS
GUIDANCE TO PROVIDE A MATIONAL MUSSEL CONSERVATION PERSPECTIVE AND TO HELP VARIOUS
ORGANIZATIONS IDENTIFY THE TYPES OF CONSERVATION TASKS THAT COULD BE IMPLEMENTED TO ASSIST
TN THE GREATER CONSERVATICN EFFORT.



THIS NATIONAL STRATEGY IS INTERDEC TO BE A DYNAMIC DOCUMENT THAT WILL BE REVISED
PERIODICALLY AS NEW INFORMATION BECOMES AVAILABLE AND NEW STRATEGIES ARE DEVELOPED. THE
AUTHORS WELCOME ANY COMMENTS AND SUGGESTIONS THAT WOULD HELP ENHANCE SHORT- AND LONG-TERM
MUSSEL CONSERVATION GOALS.

STATUS AND TMPORTANCE OF
_ NATIVE FRESHWATER MUSSELS

THE CONTINENTAL UNITED STATES CONTAINS THE WORLD'S GREATEST DIVERSITY OF FRESHWATER
MUSSELS (297 RECOGNIZED SPECIES AND SUBSPECIES), AND NATIVE AMERICANS MADE EXTENSIVE USE
OF THIS RICH FAUNA FOR FOOD, TOOLS, AND ADORNMENTS. IN SPITE OF THEIR EXTENSIVE
EXPLOITATION OF THIS RESOURCE, THE MUSSEL FAUNA REMAINED RELATIVELY UNCHANGED FOR CENTURIES
PRIOR TO FUROPEAN SETTLEMENT. HOWEVER, THIS UNIQUELY RICH NORTH AMERICAN FAUNA HAS BEEN
DECLINING IN DIVERSITY AND ABUNDANCE OVER THE PAST 200 YEARS BFCAUSE OF HUMAN ALTERATIONS
OF AQUATIC HABITATS, AND IN THE 20TH CENTURY, MUSSELS HAVE SUFFERED A DECLINE GREATER THAN
ANY OTHER WIDE-RANGING ANIMAL GROUP IN THE UNITED STATES. '

THE CURRENT FEDERAL STATUS OF THIS FAMILY OF ANIMALS 1S AS FOLLOWS: 19 PERCENT ARE
LISTED AS ENDANGERED OR THREATENED, 23 PERCENT ARE SPECIFS OF CONCERN, AND 6 PERCENT ARE
PRESUMED EXTINCT. A RECENT ASSESSMENT BY THE AMERICAN FISHERIES SOCIETY (AFS) CONSIDERS
72 PERCENT OF THESE SPECIES TO BE EXTINCT, ENDANGERED, THREATENED, OR OF SPECIAL CONCERN
AND ONLY 24 PERCENT AS STABLE (WILLIAMS ET AL. 1992). SIMILARLY, THE NATURE
ConsSERVANCY (TNC) RECOGNIZES 55 PERCENT OF THE MUSSEL FAUNA AS IMPERILED, COMPARED TO
ONLY 7 PERCENT OF OUR NATION'S BIRDS AND MAMMALS (MASTER 1990). THE PRECIPITOUS DECLINE
OF FRESHWATER MUSSELS TN THE 20TH CENTURY IS UNPARALLELED, AND MANY MORE EXTINCTIONS ARE
INEVITABLE WITHOUT A COORDINATED CONSERVATION PROGRAM.

LIKE MANY OTHER FISH AND AQUATIC ORGANISMS, MUSSELS HAVE BEEN DIRECTLY AFFECTED BY
THE CREATION OF IMPOUNDMENTS, SEDIMENTATION FROM POOR LAND USE PRACTICES, CHANNELIZATION
AND DREDGING OF RIVERS, AND VARIOUS FORMS OF WATER POLLUTION. RESERVOIR CONSTRUCTION ON
{ ARGE RIVERS. WHICH PEAKED IN THE FIRST HALF OF THIS CENTURY, ELIMINATED LONG REACHES OF
FLOWING WATER THAT ARE ESSENTIAL TO THE SURVIVAL OF MOST NATIVE MUSSEL SPECIES. FOR
EXAMPLE . OVER 2,300 RIVER MILES {20 PERCENT) OF THE TENNESSEE RIVER AND ITS LARGER
TRIBUTARY WATERSHEDS (> 25 MIZ) WERT IMPOUNDED (TENNESSEE VALLEY AUTHORITY 1971). Iw
ADDITION TO THE LOSS OF FREE-FLOWING CHANNELS WITHIN IMPOUNDMENTS, MUSSELS IN DOWNSTREAM
TAILWATERS WERE SERIOUSLY AFFECTED BY FLOW AND TEMPERATURE FLUCTUATIONS. UPSTREAM OF
RESERVOIRS . MUSSEL PUPULATIONS WERE ISOLATED FROM PARENT POPULATIONS AND WERE EXPOSED TO
RESERVOIR- INDUCED CHANGES IN FISH FAUNA (MUSSEL LARVAE ARE PARASITIC ON FISH) THAT REDUCED
MUSSEL REPRODUCTIVE SUCCESS.



SILTATION AND THE ASSOCIATED TOXIC RUNOFF FROM MINING, URBANIZATION, AND FLOOD PLAIN
DEVELOPMENT HAVE ADVERSFLY AFFECTED WATER QUALITY AND THE SUITABILITY OF RIVER AND LAKE
BOTTOMS TO SUPPORT MUSSELS. THE FREQUENCY OF FISH AND MUSSEL KILLS CAUSED BY TOXIC
SPILLS, IMPROPER USE OF CHEMICALS, AND VIOLATIONS OF DISCHARGE PERMITS IS INDICATIVE OF
THE RELENTLESS ASSAULT ON WATER QUALITY AND ASSOCIATED AQUATIC FLORA AND FAUNA TN OUR
NATION'S WATERWAYS. SOME MUSSEL POPULATIONS ARE NOW COMPRISED OF SO FEW INDIVIDUALS THAT
REPRODUCTION 1S TNSUFFICIENT TO SUSTAIN THEM. SOME SPECIES HAVE BEEN REDUCED TO SO FEW
AND SUCH SMALL POPULATIONS THAT THE REMAINING POPULATIONS ARE HIGHLY VULNERABLE TO
EXTIRPATION OR EXTINCTION FROM RANDOM EVENTS SUCH AS MATURAL DISASTERS OR CHEMICAL SPILLS,

THE INVASION BY THF NONINDIGENOUS ZEBRA MUSSEL INTO THE GREAT LAKES IN THE LATE
19805 AND INTO OUR LARGE RIVERS IN THE 1990S NOW FURTHER THREATENS THE CONTINUED
EXTSTENCE OF ECOLOGICALLY AND COMMERCIALLY IMPORTANT MUSSEL POPULATIONS. ZEBRA MUSSELS,
WHICH ARE NATIVE TO THE BLACK, CASPIAN, AND ARAL SEAS AREA OF ASIA, CAN ATTACH TO NATIVE
MUSSELS BY THE THOUSANDS AND SUFFOCATE AND STARVE NATIVE SPECIES. THE DISAPPEARANCE OF
NATIVE MUSSELS THROUGHOUT MOST OF THE HEAVILY INFESTED GREAT LAKES IS TESTIMONY TG THE
ZEBRA MUSSEL'S DEADLY CONSEQUENCES. ITS PRESENCE IN THE WATERS OF 19 STATES IS AN OMINOUS
FOREBODING OF IMPENDING DOOM FOR THE MUSSEl RESOQURCES IN THOSE STATES.

MUSSELS ARE OF SIGNIFICANT VALUE TO THE HFEALTH OF AGUATIC ECOSYSTEMS. THEY SERVE AS
A FOOD SCURCE FOR SOME FISHES AND ARE READILY CONSUMED BY MUSKRAT, RACCOGN, OTTER, AND
OTHER TERRESTRIAL ANIMALS. MUSSELS ARE NATURE'S BIOLOGICAL FILTERS. THEY REMOVE
SUSPENDED SOLIDS AND CONTAMINANTS FROM THE WATER THROUGH THEIR SIPHONING AND THUS IMPROVE
WATER QUALITY FOR HUMAN USES. BECAUSE OF THEIR LONGEVITY (SOME SPECIES LIVE MORE THAN
50 YEARS), IMMOBILITY, AND SENSITIVITY TO WATER POLLUTION, THEIR PRESENCE AND ABUNDANCE
IS A REFLECTION OF A RIVER'S WATER AND HABITAT QUALITY. THUS, THE LOSS OR DECLINE CF A
MUSSEL COMMUNITY PROVIDES AN EARLY WARNING THAT OTHER AQUATIC SPECIES AND THE BIOLOGICAL
INTEGRITY OF THE ECOSYSTEM ARE AT RISK. THE SHELLS OF MUSSELS PROVIDE SUBSTRATE AND
HABTTAT FOR INVERTEBRATES AT THE BASE OF THE FOOD CHAIN. SHELLS ALSO PROVIDE COVER AND
SPAWNING SITES FOR FEDERALLY LISTED DARTERS, MADTOMS, AND GTHER BOTTOM-DWELLING FISHES.
THE BIOLOGICAL DIVERSITY AND INTEGRITY OF FISH AND OTHER COMPONENTS OF AQUATIC COMMUNITIES
ARE CLOSELY LINKED TO THE BENEFITS PRCVIDED BY NATIVE MUSSELS.

THE ECONOMIC VALUE OF MUSSELS IS WELL DOCUMENTED, AND THE COMMERCIAL MUSSEL INDUSTRY
HAS A COLORFUL PAST. UNTIL THE ADVENT OF PLASTICS, MUSSEL SHELLS PROVIDED THE RAW
MATERIAL FOR THE PEARL SUTTON INDUSTRY BETWEEN AROUT 1900 anp 1940. CURRENTLY, THE
SHELLS OF COMMERCIALLY HARVESTED MUSSELS ARE CRUCIAL FOR BFAD PRODUCTION IN THE
INTERNATIONAL MULTI-BILLION-DOLLAR CULTURED PEARL INDUSTRY. 1IN 1993 THE MUSSEL SHELL
INDUSTRY IN THE UNITED STATES EXPORTED ROUGHLY 6,500 TONS OF SHELLS VALUED AT BETWEEN
$40 10 $50 MILLION DOLLARS AND PROVIDFD EMPLOYMENT FOR UP TO 10,000 PEOPLE LIVING ALONG
HARVESTED RIVERS (PRIMARILY IN THE STATES OF ALABAMA, ARKANSAS, GECRGIA, ILLINOIS, IowA,
KANSAS , KENTUCKY, LOUISIANA, MINNESOTA, MISSOURI, OKLAHOMA, TENNESSEE, TEXAS, AND
WISCONSTN) {PEGGY BAKFR, SHELL EXPORTERS ASSOCIATION, PERSONAL COMMUNICATION, 1994).
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TN ADDITION TO THIS ENORMOUS EXPORT INDUSTRY, SHELLS HAVING A COLORED NACRE (THE INSIDE
SURFACE OF THE SHELL) ARE USED BY NATIVE AMERICANS IN THE SOUTHWEST FOR JEWELRY AND OTHER
NATIVE CRAFTS, AND NATIVE CULTURED PEARLS ARE BEING PRODUCED FROM CAPTIVELY SEEDED AND
CULTURED MUSSELS IN THE LOWER TENNESSEE RIVER. AS DOMESTIC BEAD AND PEARL PRODUCTION
EXPANDS , THE ECONOMIC VALUE OF THIS RENEWABLE NATURAL RESOURCE WILL CONTINUE TO INCREASE.
HOWEVER, ANY INCREASED ECONOMIC VALUE WILL BE SHORT-LIVED IF OUR MUSSEL FAUNA CONTINUES TO
DECLINE. -

BIOLOGISTS HAVE BEEN DOCUMENTING THE DECLINE AND LOSS OF MUSSEL POPULATIONS SINCE
THE EARLY PART DF THIS CENTURY, BUT ONLY IN THE LAST 20 YEARS HAVE ENVIRONMENTAL
"REGULATIONS AND ENFORCEMENT BEEN AVAILABLE T0 REDUCE HABITAT DESTRUCTION AND WATER QUALITY
DEGRADATION. NUMEROUS FEDERAL, STATE, TRIBAL, AND LOCAL AGENCIES; CONSERVATION GROUPS;
AND CONCERNED CITIZENS NOW RECOGNIZE THE SEVERITY OF THE PROBLEM AND THE VULNERABILITY QOF
OUR FRESHWATER MUSSELS AND ASSOCIATED AQUATIC-DEPENDENT FLORA AND FAUNA TO EXTINCTION.
SOME OF THE HISTORIC AND CURRENT THREATS TO OUR MUSSEL FAUNA ARE NOT ECONOMICALLY OR
SOCIALLY FEASIBLE TO REMEDY. HOWEVER, MUCH CAN BE DONE TO HELP SECURE THE FUTURE OF THIS
VALUABLE NATTONAL RESOURCE.

SOME SPECTES PROTECTION PLANS, REGIONALLY BASED CONSERVATION PLANS (E.G., RECOVERY
PLANS FOR FEDERALLY LISTED SPECIES, AND A STRATEGIC PLAN FOR THE MANAGEMENT OF THE
FRESHWATER MUSSEL RESOURCES OF THE UPPER MISSISSIAPI RIVER [UPPER MISSISSIPPI STRATEGIC
MUSSEL PLAN]) HAVE BEEN DEVELOPED, AND CONSERVATION EFFORTS ARE BEING IMPLEMENTED BY
FEDERAL AND STATE AGENCIES AND CONSERVATION ORGAMIZATIONS. HOWEVER, THERE IS NO STRATEGY
TO ADDRESS RESTARCH AND CONSERVATION NEEDS FROM A NATIONAL PERSPECTIVE.

GOALS OF THIS NATIONAL STRATEGY

THE DRIMARY GOAL IS TO CONSERVE OUR NATIONAL FRESHWATER MUSSEL FAUNA AND MAINTAIN
ITS ECOLOGICAL AND ECONOMIC VALUE TO SOCLETY. SPECIFICALLY, THE PURPOSES OF THE NATIONAL
STRATEGY ARE AS FOLLOWS:

W [YALUATE THE CURRENT NATIONAL STATUS, POPULATION TRENDS, AND VALUE OF FRESHWATER
MUSSELS .

® [DENTIFY AND IMPLEMENT RESEARCH, MANAGEMENT, AND CONSERVATION ACTIVITIES NECESSARY TO
CONSERVE AND RECOVER THIS FAUNA.

® [NITIATE CREATIVE PARTNERSHIPS (WORKING AND FUNDING) FOR MUSSEL CONSERVATION ACTIVITIES
AMONG FEDERAL, STATE, TRIBAL, AND LOCAL GOVERNMENT AGENCIES, UNIVERSITIES, AND THE
PRIVATE SECTOR.



® INCREASE GOVERNMENT AND PUBLIC AWARENESS OF THE PLIGHT OF THE NATION'S DIVERSE
FRESHWATER MUSSEL FAUNA, ITS ECOLOGICAL AND ECONOMIC VALUEZ, AND GARNER SUPPORT FOR
MUSSEL CONSERVATION PROGRAMS.



IDENTIFICATION OF SPECIFIC PROBLEMS,
GOALS, AND STRATEGIES

THE FOLLOWING PROBLEMS, GOALS, AND STRATEGIES HAVE NOT BEEN

PRIORITIZED. THE INTENT IS TO PROVIDE A LIST OF STRATEGIES AND ALLOW

EACH AGENCY OR ORGANIZATION TG PRIORITIZE AND CHOOSE THE STRATEGY(S)

THAT BEST FITS ITS OWN MISSION, FUNDING, AND EXPERTISE. HOWEVER,

Appenpix I PROVIDES A LIST OF RANKING CRITERIA TG ASSIST IN RANKING
~ SPECIFIC PROJECTS. '

=
[
—1
e

PROBLEM 1:  THERE 1S NO COORDINATED NATIONAL STRATEGY FOR THE CONSERVATION OF
FRESHWATER MUSSEL RESOURCES .

GOAL '+ INCREASE COORDINATION AND INFORMATION EXCHANGE AMONG ENTITIES THAT STUDY,
MANAGE . HARVEST, CONSERVE, OR RECOVER NATIVE FRESHWATER MUSSELS.

STRATEGIES

1.1 - FSTABLISH A NATIONAL FRESHWATER MUSSEL AD HoC COMMITTEE TO COORDINATE NATIONAL
MUSSEL CONSERVATION ACTIVITIES. THIS AD HOC COMMITTEE (COMMITTEE) SHOULD BE
COMPRISED OF ONE INDIVIDUAL APPOINTED BY EACH OF THE FOLLOWING ENTITIES: THE
SERVICE, NATIONAL BroLosical SErvICE (NBS), TENNESSEE VALLEY AUTHORITY (TVA),
U.S. GeoLogicaL Survey (USGS), U.S. ArMy CorpS OF ENGINEERS {CORPS),

U.S. ForesT SErvIce (USFS), National Park SERVICE (NPS), ENVIRONMENTAL
PROTECTION AGENCY (EPA), EACH STATE AND TRIBE WITH SIGNIFICANT MUSSEL RESCURCES,
THE COMMERCIAL MUSSEL INDUSTRY, THE CONSERVATION COMMUNITY, AND ACADEMIA. THE
COMMITTEE WILL PERFORM THE FOLLOWING TASKS:

1.1.1  IDENTIFY ENTITIES THAT STUDY, MANAGE, HARVEST, CONSERVE. OR RECOVER
MUSSFL POPULATIONS : SOLICIT THEIR SUPPORT AND FOSTER PARTNERSHIPS IN
MUSSEL CONSERVATION. THE SERVICE, NBS, TVA, CORPS, SEVERAL STATE
NATURAL RESOURCES AGENCIES, THE GREAT LAKES INDIAN FISH & WILDLIFE
COMMISSION, AND THE COMMERCIAL MUSSEL INDUSTRY ASSISTED WITH THE
DEVELOPMENT OF THIS NATIONAL STRATEGY (SEE APPENDIX 1) AND THE DOCUMENT
WAS PRESENTED AT THE Octoser, 1995, MUSSEL SYMPOSIUM. HOWEVER, THERE
ARE NUMEROUS OTHER INDIVIDUALS AND AGENCIES THAT ARE CURRENTLY CONDUCTING
RESEARCH AND MANAGEMENT ON FRESHWATER MUSSELS. POTENTIAL PARTNERS IN THE
MUSSEL CONSERVATION EFFORT SHOULD BE INFORMED OF THE DOCUMENT AND
ENCOURAGED TO JOIN IN ITS IMPLEMENTATION (SEE STRATEGIES UNDER PROBLEM 2
AND 10).



1.1.2

DEVELOP AND IMPLEMENT EFFECTIVE MECHANISMS TO DISSEMINATE INFORMATION ON
THE PROGRESS OF THE MUSSEL CONSERVATION EFFORT TO COOPERATORS AND
INTERESTED PARTIES. 1T IS IMPORTANT THAT INFORMATION ON THE CONSERVATION
EFFORT BE READILY AVATLABLE TO ALL INTERESTED PARTIES. THIS PREVENTS
DUPLICATION OF EFFORT AND ALLOWS FOR BETTER COORDINATION OF CONSERVATION
ACTIVITIES. THE TRIANNUAL UNIONID REPORT, CIRCULATED BY THE SERVICE'S
ASHEVILLE FIELD OFFICE, ASHEVILLE, NORTH CAROLINA, PROVIDES AN EXISTING
MECHANISM TO DISSEMINATE CURRENT INFORMATION ON MUSSEL CONSERVATION.
HOWEVER, THERE MAY BE BETTER OR ADDITIONAL WAYS TO FACILITATE INFORMATION
FXCHANGE . THE COMMITTEE SHOULD REVIEW CURRENTLY AVAILABLE INFORMATION

1.1.3

1.1.4

1.1.5

1.1.6

EXCHANGE MECHANISMS AND DEVELOP ADDITIONAL OPTIONS AS NEEDED.

PROVIDE GUIDANCE FOR THE MUSSEL CONSERVATION EFFORT. AS REPRESENTATIVES
OF THE NATIONAL MUSSEL CONSERVATION COMMUNITY, THE COMMITTEE WILL MEET ON
AN ANNUAL BASIS TO REVIEW THE CURRENT STATUS OF THE COLLECTIVE MUSSEL
CONSERVATION EFFORT. EACH COMMITTEE MEMBER SHOULD SUBMIT AN ANNUAL
REPORT TO THE COMMITTEE OUTLINING THEIR GROUP'S PROJECTS. BASED ON
THEIR DISCUSSIONS, THE COMMITTEE WILL DEVELOP AND CIRCULATE AN ANNUAL
APPENDIX TO THIS NATIONAL STRATEGY. THIS REPORT WOULD: (1) PROVIDE A
BRIEF OVERVIEW OF THE STATUS OF THE CONSERVATION EFFORT; (2) SUMMARIZE
IMPORTANT RESEARCH AND MANAGEMENT RESULTS; (3) IDENTIFY ANY NEW PROBLEMS
AND STRATEGIES: AND (4) SUGGEST DIRECTION FOR FUTURE RESEARCH AND
MANAGEMENT INITIATIVES.

SEEK FUNDING TO COMPLETE A THOROUGH SEARCH AND SUMMARY OF THE CURRENT
KNOWLEDGE OF BASIC BIOLOGY, POPULATION CHARACTERISTICS, AND HABITAT
REQUIREMENTS OF MUSSELS. MUCH OF THE INFORMATION THAT EXISTS ON
FRESHWATER MUSSELS IS SCATTERED THROUGHOUT VARIOUS PROFESSIGNAL JOURNALS,
GOVERNMENT PUBLICATIONS, UNPUBLISHED RESEARCH PROGJECTS, MUSEUM RECORDS,
AND OBSERVATION RECORDS OF NUMEROUS INDIVIDUALS. IF THIS INFORMATION
COULD BE CONSOLIDATED INTO A COMPUTERIZED ANNOTATED BIBLIOGRAPHY, THE
MUSSEL CONSERVATION COMMUNITY AND OTHER INTERESTED INDIVIDUALS WOULD HAVE
READY ACCESS TO CURRENT KNOWLEDGE TO HELP EXPEDITE THE CCGNSERVATION
EFFORT.

SERVE AS THE PRIMARY ADVOCATE FOR THE IMPLEMFNTATION OF THIS NATIONAL
STRATEGY . MEMBERS OF THE COMMITTEE WILL ACT AS PRIMARY ADVOCATES WITHIN
THEIR AGENCY/ORGANIZATION FOR EDUCATING THE CONSERVATION COMMUNITY, THEIR
RESPECTIVE AGENCIES, AND THE GENERAL PUBLIC ABOUT THIS MUSSEL
CONSERVATION EFFORT.

APPOINT A TECHNICAL COMMITTEE (FOUR TO SIX MEMBERS) OF MUSSEL
RESFARCHERS . THESE INDIVIDUALS WOULD HAVE SPECIFIC MUSSEL RESEARCH OR



RELATED EXPERTISE AND WOULD BE AVAILABLE TO REVIEW RESEAREH PROPOSALS AND
REPORTS, PROVIDE TECHNICAL ASSISTANCE, DEVELOP DRAFT NATIONAL STANDARDS,
AND MAKE TECHNICAL RECOMMENDATIONS TO THE COMMITTEE.

1.1.6.1 DEVELOP A STANDARDIZED MUSSEL SAMPLING REGIMF THAT CAN BF USED

THROUGHOUT THE COUNTRY. MUSSEL SAMPLING TECHNIQUES MUST BE
ADAPTED TO EACH SITUATION BASED ON AVAILABLE FUNDING, THE
EXPERTISE OF COLLECTORS, AND ENVIRONMENTAL CONDITIONS.
THEREFORE, IT IS DIFFICULT TO STANDARDIZE A SAMPLING
PROTOCOL .  HOWEVER, BY STANDARDIZING SOME ASPECTS OF THE

~ SAMPLING PROTOCOL, MUSSEL BIOLOGISTS WOULD BE BETTER ABLE TO
COMPARE DATA AMONG SITES AND AMCNG COLLECTIONS AT THE SAME
SITE (SEE STRATEGY 4.1).

1.1.6.2 DFVELOP A STANDARDIZED MUSSEL DIE-OFF RESPONSE PROCEDURE .
MANY MUSSEL POPULATIONS HAVE EXPERIENCED DIE-OFFS, AND THE
CAUSE(S) OF MOST EVENTS HAS NOT BEEN DETERMINED. IT IS
UNLIKELY THAT THE CAUSE(S) OF ALL FUTURE DIE-OFFS CAN BE
ASCERTAINED, BUT A STANDARDIZED DIE-OFF RESPONSE PROCEDURE
WOULD HELP RESOURCE MANAGERS AND COMMERCIAL MUSSEL FISHERMEN
RESPOND IN A MORE TIMELY MANNCR AND COLLECT THE CRITICAL
INFORMATION AND SAMPLES NEEDED 8Y RESEARCHERS.

1.2 FOSTER AND CREATE NEW PARTNERSHIPS AND FACILITATE THE DEVELOPMENT OF FORMAL

1.3

AGREEMENTS (F.G. . MEMORANDUMS OF AGREEMENT ) AMONG GOVERNMENT AGENCIES AND PRIVATE
ENTITIES TO HELP IMPLEMENT THIS NATIONAL STRATEGY. THE MUSSEL CONSERVATION
COMMUNITY 1S SMALL AND BY TTSELF CANNGT SIGNIFICANTLY ALTER THE FACTORS THAT
THREATEN THIS FAUNAL GROUP. HOWEVER, MOST OF THE STRATEGIES THAT BENEFIT MUSSELS
AND THEIR HABITAT QUALITY ALSO SIGNIFICANTLY BENEFIT OTHER AQUATIC FAUNA AND
RESOURCE USER GROUPS {COMMERCTAL MUSSEL INDUSTRY. SPORT FISHERIES, WATER SUPPLY
INDUSTRY , CANOEISTS, BIRDERS, ETC.). PARTNERSHIPS WITH OTHER ENTITIES ARF
ESSENTIAL TG THE SUCCESS OF THIS MUSSEL CONSERVATION PROGRAM, AND THESE

PARTNERSHIPS SHOULD BE ACTIVELY PURSUED (SEE STRATEGIES LISTED UNDER PROBLEMS 2

AND 107

FOSTER AND CREATE COOPERATIVE VENTURES WITH ACADEMIC INSTITUTIONS AND THE PRIVATE
SECTOR TO ADDRESS SPECIFIC RESFARCH, INFORMATION, AND CONSERVATION NEEDS (SEE
STRATEGIES LISTED UNDFR PRoBLEMS 2-10).



PROBLEM 2:  QUALITY MUSSEL HABITAT CONTINUES TO BE DEGRADED AND LOST.

GOAL : PROTECT AND REVERSE THE DECLINE OF QUALITY MUSSEL HABITAT.

STRATEGIES

NOTE:  THE OUTREACH STRATEGIES IDENTIFIED UNDER PROBLEM 7 ARE CRITICAL TO
THE SUCCESS OF THE FOLLOWING STRATEGIES.

IMPORTANT MUSSEL RESOURCE AREAS AND DEVELOP PROGRAMS TO CONSERVE AND RECOVER THESE
KEY AREAS. THE MAGNITUDE OF THE MUSSEL CONSERVATION CHALLENGE IS GREAT, BUT THE
RESCURCES AVAILABLE FOR MUSSEL CONSERVATION ARE SMALL. MANAGERS SHOULD CONCENTRATE
THEIR EFFORTS, WITHIN THEIR AREA OF RESPONSIBILITY, ON THOSE KEY HABITATS, RESEARCH
PROGRAMS . AND PROTECTION/ENHANCEMENT ACTIVITIES THAT WILL ACHIEVE THE GREATEST
BENEFIT 7O MUSSEL CONSERVATION. THOSE FEW STREAM REACHES THAT STILL HARBOR DIVERSE
MUSSEL POPULATIONS SHOULD BE PROTECTED FROM FURTHER HABITAT DEGRADATION TO THE
EXTENT POSSIBLE. IT IS MUCH MORE COST-EFFECTIVE TO PROTECT EXISTING QUALITY
HABITAT THAN TG RESTORE DEGRADED HABITAT.

2.1.1 IDENTIFY AND INFORM POTENTIAL PARTNERS OF IMPORTANT MUSSEL SITES AND
DEVELOP COOPERATIVE AGREEMENTS TO CONSERVE AND RECOVER MUSSEL
COMMUNITIES. 1T IS ESSENTIAL FOR THE SUCCESS OF THIS NATIONAL STRATEGY
THAT POTENTIAL PARTNERS UNDERSTAND THE IMPORTANCE OF THE RESOURCE AT
RISK, HOW THE CONSERVATION PROGRAM WILL BENEFIT MUSSELS AND OTHER BICTA,
AND HOW ECOSYSTEM RECOVERY WILL BENEFIT OTHER USER GROUPS.

2.1.2 UTILIZE EXISTING FEDERAL, STATE, TRIBAL, AND LOCAL LAWS AND REGULATIONS -
70 PROTECT MUSSEL RESGURCES. THERE ARE MANY ENVIRONMENTAL LAWS AND
REGULATIONS THAT, IF FULLY IMPLEMENTED, COULD PROVIDE BETTER PROTECTION
FOR MUSSEL RESOURCES. USE EXISTING INFORMATION AND INFORMATION GENERATED
UNDER STRaTEGIES 3.1.3.1, 4.1, 4.2, 4.3, 5.1, 5.2, 5.3, 5.4, D
5.5 TO HELP £NSURE THAT MUSSEL POPULATIONS RECEIVE THE FULL PROTECTION
PROVIDED UNDER EXISTING LAWS.

2.1.3  ENCOURAGE FEDERAL, STATE, TRIBAL, AND LOCAL GOYERNMENT ENTITIES T0 USE
THEIR AUTHORITY TO REVIEW THEIR ACTIVITIES FOR ACTIONS AND ALTERNATIVES
THAT PROTECT AND RECOVER KEY MUSSEL HABITATS AND COMMUNITIES. MANY
AGENCIES, ALTHOUGH NOT BOUND BY LAW, HAVE MODIFIED THEIR PROJECTS AND
PROGRAMS AND EVEN INITIATED DISTINCT PROGRAMS THAT BENEFIT AQUATIC
RESOURCES, INCLUDING MUSSELS. THESE AGENCIES SHOULD BE RECOGNIZED FOR
THEIR EFFORTS AND ENCOURAGED TO CONTINUE THIS WORK. SOME AGENCIES HAVE
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SPECIFIC PROGRAMS AND FUNDING TARGETED FOR USE ON PROJECTS TO PROTECT AND
RECOVER AQUATIC RESOURCES.

2.1, 4 ENCOURAGE INDUSTRY TO REVIEW THEIR ACTIVITIES FOR ACTIONS AND
ALTERNATIVES THAT COULD PROTECT AND RECOVER KEY MUSSEL HABITATS AND
COMMUNITIES . MANY ENVIRONMENTALLY CONSCIOUS INDUSTRIES IMPLEMENT HABITAT
PROTECTION AND ENHANCEMENT PROGRAMS ON THEIR LAND. CONTACT THE
"APPROPRIATE INDUSTRIES; INCREASE THEIR AWARENESS OF THE MUSSEL RESOURCES
SURJECT TO THEIR ACTIVITIES: AND ASSIST THEM WITH IMPROVING THEIR
STEWARDSHIP EFFORTS, WHICH WILL BENEFIT BOTH THEM AND THE DOWNSTREAM
VRTINS FAETTAT BT

2. 0.5  ENCOURAGE LOCAL LANDOWNERS TO REVIFW THEIR ACTIVITIES AND, WHEN FEASIBLE,
PROVIDE FINANCIAL (E.G., SERVICE "PARTNERS FOR WILOLIFE" FUNDS) OR
OTHER INCENTIVES FOR THEM TO PROTECT AND RECOVER KEY MUSSEL HABITATS AND
COMMUNITIES .  MANY ENVIRONMENTALLY CONSCIOUS LANDCWNERS IMPLEMENT HABITAT
PROTECTION AND ENHANCEMENT PROGRAMS ON THEIR LAND. OTHER LANDOWNERS
MIGHT BE WILLING TO CONSERVE HABITAT IF THEY HAD THE NECESSARY
INFORMATION OR WERE PROVIDED WITH INCENTIVES. INVESTIGATE AND IMPLEMENT
NFW AND INNOVATIVE APPROACHES TO ENCOURAGE LANDOWNERS TO PROTECT AGUATIC
RESOURCES . DEVELOP A MEANS TO RECOGNIZE THE EFFORTS OF COOPERATING
LANDOWNERS .

2.1.6  ENCOURAGE CONSERVATION ORGANIZATIONS, UNIVERSITIES, SCHOOLS, CIVIC
GROUPS, AND OTHER ORGANIZATIONS T0O ASSIST IN THE PROTECTION AND RECOVERY
OF KEY MUSSEL HABITATS. SUBSTANTIAL SUPPORT AND ASSISTANCE FOR
RESTORATION EFFORTS IS AVATLABLE FROM MANY ENVIRONMENTAL GROUPS AND OTHER
ORGANIZATIONS. THEIR SUPPORT SHOULD BE ENCOURAGED AND FORMALLY
RECOGNIZED.

2.2 DFVELOP A LIST OF CASE STUDIES THAT IDENTIFY AND SUMMARIZE SUCCESSFUL HABITAT
RESTORATION AND PROTECTION PROJECTS AND MAKE THE INFORMATION AVAILABLE 10 THE
MUSSEL CONSERVATION COMMUNITY. SFVFRAL HABITAT RESTORATION PROJECTS ARE UNDERWAY
TO PROTECT SIGNTFICANT MUSSEL RESOURCES. A LIST AND DESCRIPTION OF THESE PROJECTS
AND THE ADDRESSES OF PROJECT MANAGERS WOULD BE HELPFUL IN THE INITIATION OF NEW
PROJECTS.

PROBLEM 31 The ASIC LIFE HISTORY, REPRODUCTIVE BIOLOGY, ECOLOGY, AND HABITAT
REQUIREMENTS OF MOST MUSSELS ARE UNKNOWN .
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GOAL:  INCREASE FUNDAMENTAL KNOWLEDGE OF BASIC BIOLOGY AND HABITAT REQUIREMENTS OF

MUSSELS SO THAT MANAGERS CAN MORE EFFECTIVELY CONSERVE AND MANAGE OUR MUSSEL
FAUNA.

STRATEGIES

3.1 INITIATE STUDIFS ON LIFE HISTORIES. POPULATION DYNAMICS, AND ENVIRONMENTAL
REQUIREMENTS TO OBTAIN INFORMATION NECESSARY TO EFFECTIVELY MANAGE MUSSELS. UNLIKE
MANY OTHER ANIMAL SPECIES, LITTLE IS KNOWN ABOUT THE BASIC BIOLOGY AND HABITAT
“REQUIREMENTS OF MOST MUSSEL SPECIES. " THE LACK OF BASTC KNOWLEDGE HAMPERS
CONSERVATION EFFORTS. THE FOLLOWING LIST IDENTIFIES SOME SPECIFIC RESEARCH NEEDS.

3.1.1  FISH HOST IDENTIFICATION.

3.1.0.1  DFTERMINE THE SPECIFIC FISH HOSTS FOR MUSSEL SPECIES IN NEED
OF MANAGEMENT .

3.1.1.2 DETERMINE THE HOST FISHES' BIOLOGICAL NEEDS AND THEIR
POPULATION SIZES NECESSARY TO SUPPGRT MUSSEL REPRODUCTION AND
POPULATION VIABILITY.

3.1.1.3 DETERMINE THE EXTENT AND MECHANISM OF THE IMMUNE RESPONSE OF
HOST FISH 70 GLOCHIDIA.

3.1.2 MUSSEL REPRODUCTIVE BIOLOGY.

3.1.2.1 DETERMINE AGE AND SIZE AT EARLIEST MATURITY, PEAK REPRODUCTIVE
YEARS, FECUNDITY, AND REPROGDUCTIVE LONGEVITY.

3.1.2.2 DETFERMINE THE PERIOD OF SPAWNING AND GRAVIDITY .

3.1.2.3 DETERMINE THE LEVEL OF RECRUITMENT NEEDED FOR SPECIES SURVIVAL
AND LONG-TERM VIABILITY.

3.1.2.4  DETERMINE THE FREQUENCY OF SUCCESSFUL RECRUITMENT IN NATIVE
HABITATS.

3.1.3 MUSSEL HABITAT REQUIREMENTS.
3.1.3.1 DETERMINE SPECIES-SPECIFIC PHYSICAL AND CHEMICAL HABITAT

REQUIREMENTS (E.G., SUBSTRATE, FLOW, TFMPERATURE, DISSOLVED
OXYGEN, HARDNESS, AND PH) FOR ADULTS AND JUVENILES.
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3.1.4 MUSSEL POPULATION DYNAMICS .

3.1.4.1 ConpuCT STUBIES TO DETERMINE THE IMPACTS OF DISFASES,
PARASITES, PREDATION, AND HARVEST ON MUSSELS AND HOW THESE
FACTORS AFFECT MUSSEL POPULATION DEMOGRAPHICS.

3.1.4.7 DETERMINE MINIMUM VIABLE POPULATION SIZE AND AGE CLASS
' STRUCTURE NEEDED TO MAINTAIN A LONG-TERM VIABLE POPULATION.

3.1.4.3 DETERMINE THE DEMOGRAPHICS OF REPRESENTATIVE MUSSEL
e ATIONS 4D THE EXTERT OF NATURAL VARIATIONS T
RECRUITMENT : ATTEMPT TO DEFINF WHAT CONSTITUTES A HEALTHY
MUSSEL POPULATION .

3.1.4.4 DETERMINE THE EFFECTIVENESS OF CURRENT HARVEST REGULATIONS IN
SUSTAINING VIABLE POPULATIONS OF BOTH SENSITIVE AND COMMERCIAL
SPECIES.

PROBLEM 4:  KNOWLEDGE OF THE CURRENT DISTRIBUTION AND HEALTH OF MUSSEL POPULATIONS

IS LACKING, AND MUCH OF THE HISTORIC DISTRIBUTIONAL DATA ARE NOT REAGILY

AVATLABLE .

GOAL:  INCREASE KNOWLEDGE OF THE STATUS AND TRENDS OF NATIVE MUSSEL POPULATIONS SO THAT
RESOURCE MANAGERS AND ADMINISTRATORS CAN BETTER DETERMINE THE SPECIES AND
POPULATIONS MOST AT RISK AND WHICH POPULATIONS COULD BE MANAGED FOR SUSTAINED
COMMERCIAL HARVEST.

STRATEGIES

4.1 INCREASE SAMPLING EFFORT TO DETERMINE LOCATION, DENSITY, SPECIES COMPOSITION. AND

4.7

STATUS OF EXISTING MUSSEL COMMUNITIES. MANY RIVERS NEED BASIC OR CURRENT SURVEY
INFORMATION .  KNOWLEDGE OF THE CONDITION AND LOCATION OF MUSSEL RESOURCES IS
CRITICAL TO UNDERSTAND A SPECIES' STATUS AND DEVELOP PROPER MANAGEMENT. THE USE OF
THE STANDARDIZED SAMPLING RFGIME TO BE DEVELOPED UNDER STRATEGY 1.1.6.1 1S
ENCOURAGED .

GATHER HISTORIC MUSSFL DISTRIBUTION DATA AND MAKE IT MORE READILY AVAILABLE. MaNy
HISTORIC COLLECTIONS EXIST IN MUSEUMS, UNIVERSITIES, AND PRIVATE COLLECTIONS.
HOWEVER, SOME SPECIMENS HAVE BEEN MISIDENTIFIED, AND MANY OF THE COLLECTIONS HAVE
NOT BEEN CATALOGED OR THE DATA ARE NOT READILY AVATLABLE. THIS HISTORIC

INFORMATION 1S CRITICAL TG UNDERSTANDING THE CURRENT STATUS OF MANY MUSSEL
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POPULATIONS. THE INFORMATION ALSO MAY BE USEFUL FOR IDENTIFYING POTENTIAL
REINTRODUCTION SITES AND LOCATING UNKNOWN POPULATIONS .

4.3 GATHER INFORMATION ON THE OCCURRENCE AND ABUNDANCE OF MUSSEL STOCKS THAT HAVE VALUE
FOR THE COMMERCIAL MUSSEL INDUSTRY AND TRIBAL SUBSISTENCE. SOME MUSSEL
POPULATIONS, IF PROPERLY MANAGED, CAN PROVIDE A SUSTAINABLE HARVEST WITH LITTLE OR
NO IMPACT ON SENSITIVE MUSSEL SPECIES. POPULATIONS THAT COULD SUSTAIN A MANAGED
HARVEST SHOULD BE IDENTIFIED AND EVALUATED. INFORMATION GATHERED UNDER STRATEGY
3.1.4.4 SHoULD BE USED TO DEVELOP HARVEST MANAGEMENT GUIDELINES.

4 4  DEVELOP A CENTRAL DATA BASE ON THE STATUS AND LOCATION OF NATIVE MUSSEL

© POPULATIONS. INFORMATION SHOULD BE CATEGORIZED BASED ON USGS HYDROLOGIC UNIT MAPS
AND MAPPED USING GIS. THE DATA BASE CAN BE USED TO TRACK MUSSEL POPULATIONS AND
SHOULD INCLUDE ABSENCE DATA.

4.5  DEVELOP A MUSSEL DISTRIBUTIONAL ATLAS. IN THE EARLY 1980S THE SERVICE FUNDED THE
PRODUCTION OF AN ATLAS OF NORTH AMERICAN FRESHWATER FISHES (LEE ET AL. 1980).
THIS DOCUMENT PROVIDES A DISTRIBUTION MAP FOR ALL NORTH AMERICAN FRESHWATER FISHES
AND INCLUDES INFORMATION ON THE SPECIES' HABITAT AND BIOLOGY. THE FISH ATLAS HAS
BEEN A VALUABLE TOOL FOR FISHERIES MANAGERS AND BIOLOGISTS: A SIMILAR ATLAS ON
NATIVE MUSSELS WOULD BENEFIT MUSSEL CONSERVATION EFFORTS.

4.6 DEVELOP AND IMPLEMENT MOLFCULAR GENETICS TECHNIQUES TO IDENTIFY MUSSEL SPECIES.
HISTORICALLY, MUSSELS HAVE BEEN DESCRIBED PRIMARILY OM THE BASIS OF SHELL
CHARACTERISTICS. THIS METHOD HAS BEEN VERY RELTIABLE, AND THERE IS LITTLE QUESTION
REGARDING THE TAXONOMIC DISTINCTIVENESS OF MOST MUSSEL SPECIES. HOWEVER, MOLECULAR
GENETIC ANALYSIS HAS SHOWN THAT SOME SPECIES ARE COMPRISED OF COMPLEXES OF DISTINCT
SPECIES. THUS, SOME SPECIES BELIEVED TO BE WIDESPREAD MAY BE UNKNOWINGLY LUMPED
WITH SPECIES THAT ARE RARE AND IN NEED OF PROTECTION. MOLECULAR GENETIC RESEARCH
IN CONJUNCTION WITH SHELL MORPHOLGGY ANALYSIS IS NEEDED TO CLARIFY THE TAXONOMY OF
THESE COMPLEXES OF MUSSEL SPECIES.

PROBLEM 5:  HABITAT ALTERATIONS, WATER QUALITY DEGRADATION, AND OTHER ANTHRGPOGENIC
FACTORS CONTINUE TO NEGATIVELY AFFECT MUSSELS, BUT POOR DOCUMENTATION
EXISTS AS TO HOW AND AT WHAT LEVELS SUCH PERTURBATIONS ARE REALIZED.

GOAL :  DETERMINE HOW VARIOUS PERTURBATIONS IMPACT MUSSELS AND THEIR HABITAT, AND

PROVIDE MANAGERS WITH THE TNFORMATION NEEDED TO MINIMIZE OR ELIMINATE THREATS AND
PROTECT QUALITY MUSSEL HABITAT.

STRATEGIES
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5.1

5.2

5.3

5.4

5.5

5.6

DETERMINE HOW AND TO WHAT EXTENT VARIOUS HABITAT ALTERATIONS AFFECT MUSSEL SPECIES
AND POPULATIONS. THE IMPACTS TO MUSSELS FROM HABITAT ALTERATIONS, SUCH AS THE
TMPOUNDING AND DREDGING OF MUSSEL BEDS, ARE FAIRLY WELL UNDERSTOOD. HOWEVER, THE
LINKS BETWEEN THE DECLINE OR LOSS OF MANY MUSSEL POPULATIONS AND THE CAUSATIVE
AGENT(S) ARE UNKNOWN. RESEARCH IS NEEDED TO DETERMINE HOW AND TO WHAT EXTENT THE
FOLLOWING FACTORS AFFECT MUSSELS (THIS LIST IS NOT INTENDED TO INCLUDE ALL OF THE
POTENTIAL MUSSEL PERTURBATION AGENTS THAT NEED RESEARCH): (1) INCREASED

SILTATION: (2) PESTICIDES, HERSICIDES, AND FUNGICIDES; (3) STREAM-FLOW
MODIFICATIONS: {4) WASTEWATER DISCHARGE OF VARIOUS PCLLUTANTS AND SUBSEQUENT

SEDIMENT LOADING: AND (D) MODIFICATIONS IN WATER TEMPERATURE, DISSOLVED OXYGEN

LEVELS . AND PH. A BETTER UNDERSTANDING OF HOW ENVIRONMENTAL FACTORS AFFECT
MUSSELS WILL ENABLE RESGURCE AGENCIES TG BETTER MANAGE AND CONSERVE MUSSEL
COMMUNITIES .

DETERMINE IF CURRENT WATER QUALITY CRITERIA PROTECT ALL LIFE STAGES OF FRESHWATER
MUSSELS. - BIOASSAYS SHOULD BE CONDUCTED TO EVALUATE THE SENSITIVITY OF ALL LIFE
STAGES OF MUSSELS RELATIVE TG THE SENSEITIVITIES OF STANDARD BIOASSAY ORGANISMS.
SURRCGATE SPECIES SHOULD BE SELECTED TO BE PROTECTIVE CF MOST SENSITIVE MUSSEL
SPECIES DR APPROPRIATE BUFFERS SHOULD BE BUILT INTC PROTECTIVE CRITERIA MODELS.

DETERMINE IF CURRENT "BEST MANAGEMENT PRACTICES™ (BMP) PROTECT MUSSEL POPULATIONS
AND THEIR HABITAT. GREAT STRIDES HAVE BEEN MADE IN THE DEVELOPMENT AND
IMPLEMENTATION OF BMPS FOR AGRICULTURE, SILVICULTURE, ROAD AND BRIDGE
CONSTRUCTION, AND OTHER ACTIVITIES, AND THESE PRACTICES HAVE RENEFITTED AQUATIC
RESOURCES. RESEARCH IS NEEDED TO DETERMINE If THESE PRACTICES ADEQUATELY PROTECT
MUSSEL POPULATIONS AND HOW THEY MIGHT BE MODIFIED TO BE MORE EFFECTIVE.
INFORMATION 1S ALSD NEEDED ABCUT THE DEGREE OF VOLUNTARY COMPLIANCE WITH BMPS.

DETERMINE IF CURRENT LAWS AND REGULATIONS PROTECT FRESHWATER MUSSELS. MANY
FXISTING LAWS AND REGULATIONS ARE AIMED AT PROTECTING AQUATIC RESOURCES. HOWEVER,
INFORMATION IS WEEDED TO DETERMINE IF THEY PROVIDE SUFFICIENT PROTECTION FOR RARE
MUSSELS .

REVIEW EARLY LITERATURE TO DETERMINE WHAT HISTORIC FACTORS MAY HAVE CAUSED THE
DECLINE OR EXTIRPATION OF MUSSEL POPULATIONS. THE LOSS OR DIMINISHMENT OF SOME
MUSSEL POPULATIONS IN SPECIFIC RIVERS IS THE RESULT OF HISTORIC RATHER THAN CURRENT
CONDITIONS. A REVIEW OF HISTORIC LITERATURE MAY REVEAL THE REASONS FOR A RIVER'S
PRESENT LACK OF MUSSELS. IF THE ORIGINAL CAUSE OF THE LOSS HAS BEEN ELIMINATED OR
MINIMIZED, MUSSEL REINTRODUCTION MAY BE FEASIBLE.

DEVELOP BIOMONITORING PROTOCOLS UTILIZING FRESHWATER MUSSELS TO COMPLEMENT FISH AND
OTHER MACROINVERTEBRATE BIOMONITORING PROTOCOLS PRESENTLY UTILIZED TO EVALUATE THE
INTEGRITY OF A STREAM. FISH AND MACROINVERTEBRATE BIOMONITORING PROTOCOLS HAVE BEEN
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DEVELOPED TO SCORE AND RANK LOTIC SYSTEMS FOR THEIR HEALTH BASED ON NUMBERS AND
PRESENCE OF SENSITIVE SPECIES. FRESHWATER MUSSELS ARE A VERY LOGICAL MONITORING
“COMPONENT FOR THE BIGTIC MEALTH OF A SYSTEM SINCE THEY ARE GENERALLY LONG-LIVED AND
SEDENTARY. THIS WOULD PROVIDE VALUABLE INFORMATION FOR LINKING ENVIRONMENTAL
THREATS 7O PRESENCE OR ABSENCE OF SPECIFIC SPECIES, MORE ADEQUATELY ASSESS THE
INTEGRITY OF STREAMS, AND PROVIDE A VALUABLE TOOL TO BIOLOGISTS AND RESOURCE
MANAGERS . -
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PROBLEM 6:  THE INVASION OF 2ERRA MUSSELS POSES A NEW AND SIGNIFICANT THREAT TC THE

CONTINUED EXISTENCE OF MANY NATIVE MUSSEL SPECIES.

GOAL: DEVELOP MANAGEMENT OPTIONS TO ELIMINATE OR REDUCE THE THREAT OF ZEBRA MUSSELS TO

NATIVE MUSSELS.

STRATEGIES | "

6.1

6.2

6.3

NOTE:  ANY NCW ZEBRA MUSSEL INITIATIVES SHOULD BE COCRODINATED WITH OTHER
S ORGANTZATIONS (E.G 7, SFA GRANT ) THAT ARE ALREADY SIGNIFICANTLY
INVOLYED WITH THIS SPECIES.

DEVELOP PREDICTIVE MODELS ON THE SPREAD OF ZEBRA MUSSELS AND THEIR LIKELY IMPACT ON
NATIVE MUSSELS. 7ZFBRA MUSSELS HAVE DEVASTATED NATIVE MUSSEL POPULATIONS IN THE
GREAT LAKES, AND THEY HAVE NOW INVADED INLAND RIVERS WHERE THEY WILL AFFECT
IMPORTANT COMMFRCIAL MUSSEL RESOURCES AND PROTECTED SPECIES. INFORMATION IS NEEDED
TO PREDICT THE RATE OF ZEBRA MUSSEL MOVEMENT INTO INLAND WATERS, THE TYPES OF
HABITATS THEY WILL INVADE, AND THE IMPACTS THEY WILL HAVE ON NATIVE MUSSELS IN

THESE HABITATS.

TRACK THE SPREAD OF ZEBRA MUSSELS AND DEVELOP AND MAINTAIN A GIS SYSTEM TO MONITOR
THEIR SPREAD REIATIVE TO THE LOCATION OF NATIVE MUSSEL POPULATIONS. THE SPREAD OF
ZEBRA MUSSELS SHOULD TO BE MONITORED AND THE DATA REPORTED IN A READILY AVAILABLE
FORMAT. THE NBS'S SOUTHEASTERN BIOLOGICAL SCIENCE CENTER, GAINESVILLE, FLORIDA,
CURRENTLY TRACKS THE SPREAD OF ZEBRA MUSSELS. THEIR DATA BASE SHOULD BE REVIEWED

TO DETERMINE WHETHER MODIFICATIONS ARE NECESSARY TO MEET THE NEEDS OF NATIVE MUSSEL
CONSERVATION AND AQUATIC RESOURCE MANAGERS.

DEVELOP GUIDELINES AND THRESHOLDS (TRIGGERS) TO ASSIST MANAGERS IN DETERMINING
WHEN . WHICH SPECIES, AND HOW MANY INDIVIDUALS OF A SPECIES SHOULD BE BROUGHT INTG
CAPTIVITY OR RELGCATED WHEN IT IS DETERMINED THEY ARE AT RISK FROM ZEBRA MUSSELS
(SEE STRATEGY 9.5). 7FBRA MUSSELS HAVE DECIMATED NATIVE MUSSEL POPULATIONS IN
THE GREAT LAKES, AND THIS NONINDIGENOUS SPECIES IS NCW INFESTING NATIVE MUSSEL BEDS
IN THE INLAKD BASIN. THE CONTINUED EXISTENCE OF RARE LARGE-RIVER MUSSELS IS NOW
THREATENED BY THIS INVASION. GUIDANCE IS NEEDED ON WHEN, WHICH SPECIES, AND HOW
MANY TNDIVIDUALS OF A SPECIES SHOULD BE BROUGHT INTO CAPTIVITY OR RELOCATED WHEN IT
IS DETERMINED THEY ARE AT RISK FROM ZERRA MUSSELS. TNFORMATION ALSO WILL BE NEEDED
ON THE RELATIONSHIP BETWEEN ZEBRA MUSSEL INFESTATION RATES AND THE SURVIVAL OF
NATIVE MUSSELS. IT SHOULD BE DETERMINED IF MUSSELS NEED TO BE RESCUED BEFORE THEY
ARE INFESTED OR IF NATIVE MUSSELS CAN SURVIVE RELOCATION AFTER SOME DEGREE OF
INFESTATION.
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6.4

6.5

6.6

6.7

6.8

MOVE NATIVE MUSSEL SPECIES AT RISK INTG HATCHERY FACILITIES OR TO LOCATIONS WITHIN
THEIR HISTORIC RANGES WHERE ZEBRA MUSSEL INFESTATIONS WILL BE INCONSEQUENTIAL OR
UNLIKELY (SEE STRATEGIES UNDER PRoBLEM 9). 1T APPEARS THAT THE GREATEST THREAT 10
NATIVE MUSSELS FROM ZEBRA MUSSEL INFESTATIONS WILL OCCUR IN LARGE RIVERS AND IN
RIVERS WITH UPSTREAM RESERVOIRS. URGENT CONSIDERATIGN SHOULD BE GIVEN TO
IMMEDIATELY MOVING SPECIES AT RISK OF EXTINCTION INTO SUITABLE REFUGIA.

DEVELOP PROTOCOLS TO ENSURE THAT ZFBRA MUSSELS ARE NOT INADVERTENTLY INTRODUCED
INTO NEW WATERS WHEN NATIVE MUSSFLS ARE RELOCATED. BECAUSE OF THE DIRE THREAT

~-POSED -BY--ZEBRA- MUSSELS, - SOME-MUSSEL-SPECIES WILL-BE-MOVED -INTO-HATCHERY. FACILITIES

OR TO LOCATIONS WHERE ZEBRA MUSSFLS DO NOT EXIST. PROTOCOLS SHOULD BE DEVELOPED
AND COMPLIED WITH TO ENSURE THAT ZEBRA MUSSELS ARE NOT INCIDENTALLY INTRODUCED WHEN
RELOCATING NATIVE MUSSELS.

DETERMINE HOW ZEBRA MUSSELS SPREAD TO NEW WATERS. BARGE TRAFFIC HAS BEEN THE
PRIMARY ZEBRA MUSSEL TRANSPORT MECHANISM IN LARGE NAVIGABLE RIVERS, AND
RECREATIONAL BOATS ARE THE LIKELY VECTOR INTO SMALLER RIVERS AND LAKES. DEFINITIVE
INFORMATION ON THE ZEBRA MUSSFL'S MODE OF TRANSPORT COULD BE USEFUL IN DEVELOPING
CONTROL PROCEDURES .

INVESTIGATE THE FEASIBILITY OF CONTROLLING THE SPREAD OF ZEBRA MUSSELS THROUGH
TECHNOLOGICAL MEANS. RESEARCH ON THE PHYSICAL, CHEMICAL, AND BIOLOGICAL CONTROL
OF ZEBRA MUSSELS IS URGENTLY NEEDED. [BIOLOGICAL CONTROL OF ZFBRA MUSSELS MAY OFFER
THE BEST OPTION FOR CONSERVING NATIVE MUSSELS. HOWEVER, EXTREME CARE MUST BE TAKEN
TO ENSURE THAT ZEBRA MUSSEL CONTROL METHODS DO NOT JEOPARDIZE NATIVE MUSSELS.

INFORM THE PUBLIC ABOUT THE THREAT ZEBRA MUSSELS POSE TO NATIVE AQUATIC SPECIES AND
OTHER RESOURCES (E.G., SPORT FISHERIES, WATER SUPPLY FACILITIES, AND POWER
PLANTS ). PUBLIC SUPPORT WILL BE NEEDED TO STEM THE INVASION OF ZEBRA MUSSELS INTO
OTHER WATERS. THE PUBLIC SHOULD BE INFORMED OF THE ECONOMIC AND £COLOGICAL THREAT
POSED BY ZEBRA MUSSELS AND PROVIDED WITH INFORMATION AS TO WHAT THEY CAN DO TO

REDUCE THE SPECIES' DISPERSAL RATE (SEE STRATEGIES UNDER PROBLEM 73 . IF THE

SPREAD OF ZEBRA MUSSELS CAN BE SLOWED, INCREASED OPPORTUNITIES WILL BE AVAILABLE TO
DEVELOP NATIVE MUSSEL PRCTECTION OPTIONS.
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PROBLEM 7:  THERE IS A GENERAL LACK OF CONCERN, AWARENESS, AND UNDERSTANDING BY
GOVERNMENT AGENCIES, LEGISLATORS, ACADEMIA, AND THE GENERAL PUBLIC
ABOUT THE ECOLOGICAL AND ECONOMIC VALUE OF OUR NATIVE MUSSELS AND OTHER
AQUATIC RESOURCES AND OF THE ANTHROPOGENIC IMPACTS THAT THREATEN THEIR
CONTINUED EXISTENCE.

GOAL:  ENHANCE PUBLIC AND GOVERNMENT AGENCY UNDERSTANDING AND SUPPORT FOR FEDERAL,
STATE. LOCAL. TRIBAL, AND PRIVATE PROGRAMS THAT PROTECT AND ENHANCE NATURAL
STREAM ECOSYSTEMS FOR THE RENEFIT OF FRESHWATER MUSSELS AND OTHER AQUATIC AND
.AQUAT}C..—BEP.{NDENT. RESDURCES o

STRATEGIES

NOTE:  OUTREACH IS CRITICAL TO THE SUCCESS OF THIS NATIONAL STRATEGY, AND IT
IS ESPECIALLY IMPORTANT TO THE SUCCESSFUL IMPLEMENTATION OF STRATEGIES
LISTED UNDER PROBLEMS 2 AND 10.

7.1 IDENTIFY TARGET AUDIENCES, EVALUATE THE NEED FOR OUIREACH MATERIAL FOR THESE
AUDIENCES, DEVELOP APPROPRIATE MEDIA TO STRATEGICALLY CONVEY FOCUSED MUSSEL
CONSERVATION MESSAGES TOQ SPECIFIC AUDIENCES. IDENTIFY TARGET GROUPS THAT CAN
ASSTST WITH MUSSEL CONSERVATION AND THOSE THAT COULD BE, OR PERCEIVE THEY COULD BE,
IMPACTED BY THE PROGRAM. WHERE NEEDED, DEVELOP SPECIFIC OUTREACH MATERIAL FOR
THESE TARGET GROUPS.

7.1.1 DEVELOP AND IMPLEMENT AN EDUCATIONAL PROGRAM THAT INCREASES PUBLIC
AWARENESS OF THE PLIGHT OF MUSSELS AND THE BENEFITS OF MAINTAINING THE
ECOLOGICAL INTEGRITY OF AQUATIC FCOSYSTEMS. TTHE FUTURE OF QUR NATION'S
FRESHWATER MUSSEL FAUNA AND GTHER AQUATIC AND AQUATIC-DEPENDENT BIOTA
(E.G., NONGAME AND SPORT FISH, NEOTROPICAL MIGRANTS, AMPHIBIANS,
REPTILES, SMALL MAMMALS, AND WETLAND-DEPENDENT PLANTS) WILL DEPEND ON
THE DEGREE OF PUBLIC SUPPORT FOR AQUATIC ECOSYSTEM PROTECTION AND
RECOVERY PROGRAMS. HOWFVFR, THE PUBLIC GENERALLY PLACES LITTLE VALUE ON
AQUATIC SPECIES (WITH THE EXCEPTION OF SOME GAME SPECIES). MANY PEOPLE
PERCEIVE THE CONSERVATION OF MUSSELS AND OTHER INVERTEBRATES AS
UNNECESSARY AND WASTEFUL OF GOVERNMENT FUNDS. THE PUBLIC SHOULD BE
PROVIDED INFORMATION ON THE FOLLOWING: (1) THE PLIGHT OF FRESHWATER
MUSSELS; (2) THEIR AESTHETIC, COMMERCIAL, SCIENTIFIC, AND ECOLOGICAL
VALUE; (3) THE BENECFITS OTHER AQUATIC RESOURCES DERIVE FROM MAINTAINING
MUSSELS AS A COMPONENT OF NATURAL STREAM ECOSYSTEMS; AND (4) WHAT THEY
CAN DO TO HEL® IN THIS RECOVERY EFFORT. WITH THIS INFORMATION, THE
PUBLIC WILL BE BETTER INFORMED WHEN JUDGING THE BENEFITS AND COSTS OF
PRESERVING MUSSEL RESOURCES.
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7.1.2

7.1.3

7.1.4

DEVELOP AND TMPLEMENT AN EDUCATIONAL PROGRAM THAT INCREASES GOVERNMENT
AGENCY AWARENESS OF THE PLIGHT OF MUSSELS AND THE BENEFITS OF MAINTAINING
HEALTHY, INTACT AQUATIC ECOSYSTEMS. THE SUPPORT OF NATURAL RESOURCES
AGENCIES AND OTHER AGENCIES WITH PROGRAMS THAT IMPACT AQUATIC RESOURCES

IS CRITICAL TO A SUCCESSFUL MUSSEL CONSERVATION EFFORT. IN ORDER FOR
ADMINISTRATORS AND OTHER EMPLOYEES OF THESE AGENCIES TO CONSIDER MUSSELS
WITHIN THEIR PROGRAM, THEY MUST BE PROVIDED INFORMATION- AS TO THE MANY
ECOLOGICAL AND SOCIAL VALUES OF MAINTAINING THE BICLOGICAL INTEGRITY OF
FRESHWATER ECOSYSTEMS.

DEVELOP AND IMPLEMENT AN EDUCATIONAL PROGRAM THAT INCREASES THE AWARENESS
OF NONGOVERNMENT ORGANIZATIONS ABOUT THE PLIGHT OF MUSSELS AND THE
BENEFITS OF MAINTAINING HEALTHY, INTACT AQUATIC ECOSYSTEMS. MANY
NONGOVERNMENT ORGANIZATIONS (E.G., TNC, AFS, AMERICAN SPORTS
ASSOCIATION, TZAAK WALTON LEAGUE, SCIENCE EDUCATORS OF AMERICA,

AMERICAN RIVERS, ASSOCIATION OF SCUTHEASTERN BIOLOGISTS, AND VARIOUS
UNTVERSITIES) ACTIVELY SUPPORT AQUATIC RESOURCES CONSERVATION. THESE
ORGANIZATIONS SHOULD BE (1) KEPT INFORMED OF THIS CONSERVATION

INTTIATIVE: (2) PROVIDED WITH EDUCATIONAL MATERIALS RELATED TO THE

GOALS, STRATEGIES, AND PROGRESS OF THIS EFFORT; AND (3) ENCOURAGED TO

JOIN IN THIS CONSERVATION PROGRAM.

DEVELOP AND IMPLEMENT AN EDUCATIONAL PROGRAM THAT INCREASES AWARENESS
WITHIN THE COMMERCIAL MUSSEL. SHELL INDUSTRY AND AMONG PEARL PRODUCERS
ABOUT THE PLIGHT GF MUSSELS AND THE BENEFITS OF WORKING JOINTLY T0
MAINTAIN HEALTHY, INTACT AQUATIC ECOSYSTEMS. THE COMMERCIAL MUSSEL
INDUSTRY AND PEARL PRODUCERS VIEW THE VALUE OF MUSSEL RESOURCES FROM A
DIFFERENT PERSPECTIVE THAN MOST NATURAL RESOURCES MANAGERS, AND THEY
SOMETIMES DISAGREE ON MANAGEMENT ISSUES. HOWEVER, THE COMMERCIAL MUSSEL
INDUSTRY, MUSSEL RESOURCE MANAGERS, AND MUSSEL RESEARCHERS ARE ALL
INTERESTED IN CONSERVING THE BENEFITS OBTAINED FROM SUSTAINABLE NATIVE
MUSSEL RESOURCES. COOPERATIVE £FFORTS SHOULD BE PURSUED THAT BENEFIT THE
INDUSTRY AND THE MUSSEL RESCURCE MANAGERS ' ABILITY TO CONSERVE MUSSEL
ABUNDANCE AND DIVERSITY. THERE WILL BE TIMES WHEN THE DESIRES OF THE
INDUSTRY AND THOSE OF RESOURCE MANAGERS WILL CONFLICT, BUT BOTH GROUPS
NEED TO UNDERSTAND THAT SIGNIFTCANT BENEFITS CAN BL DERIVED BY WORKING
TOGETHER ON COMMON ISSUES. THE INDUSTRY CAN ASSIST RESEARCHERS AND
MANAGERS BY PROVIDING FIELD EXPERTISE, ASSISTANCE, AND HISTORICAL
KNCWLEDGE, BY SOLICITING FUNDS AND PROVIDING FACILITIES FOR RESEARCH, BY
CONDUCTING OUTREACH TO THE GENERAL PUBLIC, AND THROUGH SUPPORT AND
ACTIONS TO PREVENT FURTHER HABITAT DEGRADATION. MUSSEL RESEARCHERS AND
MANAGERS CAN HELP TO PRESERVE MUSSEL HABITAT AND COMMUNITY STRUCTURE FOR
COMMERCIALLY VALUABLE SPECIES, PROVIDE TECHNICAL ASSISTANCE ON MUSSEL
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PROPAGATION AND HOLDING TECHNCLOGY, AND SET AND ENFORCE SIZE AND HARVEST
REGULATIONS THAT ENSURE A SUSTAINABLE MUSSEL HARVEST.

7.2 IDENTIFY AND DEVELOP SPECIFIC EDUCATIONAL/INFORMATIONAL MATERIAL AND MECHANISMS 70

ASSIST FIFLD BIOLGGISTS WITH IMPLEMENTING THIS NATIONAL STRATEGY. THIS INCLUDES
ITEMS SUCH AS AN ANNOTATED BIBLIOGRAPHY OF EXISTING FRESHWATER MUSSEL LITERATURE
(SEE STRATEGY 1.1.4): A DATA BASE ON THE HISTORIC AND CURRENT BISTRIBUTION OF
MUSSELS (SEE STRATEGIES 4.4 AND 4.5): AND AN EFFECTIVE INFORMATION TRANSFER
SYSTEM ON CURRENT MUSSEL RESEARCH, MANAGEMENT, AND CONSERVATION ISSUES (SEE
STRATEGIES 1.1.2 AND 2.2). 1IN ADDITION, THE FOLLOWING STRATEGIES SHOULD ALSO BE

7.2.1 Deverop a MUSSEL KFY. THE ONLY AVAILABLE COMPREHENSIVE MUSSEL KEY WAS
prRoDUCED BY EPA IN 1973 (BurcH 1973). THIS KEY HAS BEEN A VALUABLE
RESOURCE , ESPECIALLY TO PEOPLE NEW TO THE FIELD. HOWEVER, IT DOES NOT
COVER ALL SPECIES, TAXONOMIC REVISIONS HAVE OCCURRED SINCE 1973, AND THE
KEY IS DIFFICULT TO USE. A NEW OR REVISED VERSION OF THE EXISTING MUSSEL
KEY, MAKING AMPLE USE OF COLOR PHOTOGRAPHS, WOULD HELP INCREASE THE
IDENTIFICATION ABILITIES OF NEW MUSSEL WORKERS.

7.2.2 DEVELOP TRAINING COURSES AND SEMINARS ON MUSSEL IDENTIFICATION, BASIC
BIOLOGY, CULTURE TECHNIQUES, SAMPLING METHODS, AND HABITAT
RESTORATION/PROTECTION. AS MORE INDIVIDUALS AND AGENCIES BECOME INVOLVED
IN THIS MUSSEL CONSERVATION EFFORT, TRAINING SESSIONS AND SEMINARS WILL
BE USEFUL.

PROBLEM 8:  THE SURVIVAL AND RECOVERY OF MANY MUSSEL SPECIES WILL REQUIRE THE

DEVELGPMENT OF ARTIFICIAL PROPAGATION AND JUVENTLE MUSSEL REINTRODUCTION
TECHNIQUES, BUT THESE METHODS HAVE NOT BEEN PERFECTED.

GOAL :  HAVE THE TECHNOLOGY NECESSARY TO PROPAGATE AND REINTRODUCE JUVENILE MUSSELS ON A
LARGF SCALE.

STRATEGIES

8.1 DEvELOP BLOCHIDIA TRANSFORMATION TECHNOLOGY FOR NATIVE MUSSELS. ARTIFICIALLY

PROPAGATED JUVENILE MUSSELS ARE NEEDED FOR FOUR PRIMARY PURPOSES: (1) TO AUGMENT
POPULATIONS WHEN POPULATION SIZE OF A RARE SPECIES IS TOO SMALL, YOUNG, OR OLD TG
SUPPORT REPRODUCTION: {Z2) 7O ESTABLISH NEW POPULATIONS WHEN THE TRANSLOCATION OF
ADULTS 1S NOT POSSIBLE: (3) 70 MAINTAIN A CAPTIVE POPULATION WHEN THE SPECIES'
NATURAL HABITAT IS DEEMED UNSUITABLE: AND (4) FOR BIDASSAY RESEARCH. ONCE
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8.2

8.3

8.4

DEVELOPED, THE PROPAGATION TECHNOLOGY MUST BE ADAPTED TO LARGER-SCALE OPERATIONS IN
ORDER TO PRODUCE SUFFICIENT YOUNG MUSSELS FOR THESE ACTIVITIES.

8.1.1  PERFECT AN ARTIFICIAL CULTURE MEOIUM. JUVENILE MUSSELS HAVE BEEN
PROPAGATED USING ARTIFICIAL MFDIA. HOWEVER, RESULTS HAVE NOT BEEN
CONSISTENT WITH ALL SPECIES. ADDITIONAL RESEARCH IS NEEDED TO IMPROVE
THE FORMULATION AND SUCCESS OF ARTIFICIAL MEDIA. -

8.1.2 PERFECT ARTIFICIAL CULTURE USING HOST FISH. THE USE OF FISH HOSTS FOR
GLOCHIDIA TRANSFORMATION.HAS. BEEN. DEVELOPED.AND. IS USED BY MANY
RESFARCHERS. HOWEVER, BECAUSE OF FISH HOST SPECIFICITY AND THE NEED 7O
MAINTAIN LARGE NUMBERS OF A VARIETY OF FISH SPECIEST THIS METHOD IS LABOR
INTENSIVE. SUPPRESSION OF HOST FISH IMMUNITY, IDENTIFICATION OF
ALTERNATIVE HOST SPECIES, AND THE USE OF NONINDIGENCUS FISH SHOULD BE
EVALUATFD.

8.1.3  DETERMINE THE FEASIBILITY OF PROPAGATING AND REARING JUVENILE MUSSELS IN
HATCHERY RACEWAYS. OTHER PROPAGATION TECHNIQUES CURRENTLY UNDER
DEVELOPMENT INCLUDE: (1) ARTIFICIALLY INFESTING FISH WITH GLOCHIDIA AND
RELEASING THE FISH INTC A HATCHERY RACEWAY AND (2) HOLDING SRAVID ADULT
MUSSELS IN A RACEWAY WITH THEIR FISH HOSTS AND ALLOWING THE FISH TO BE
INFESTED NATURALLY. IN BOTH CASES THE JUVENILE MUSSELS CAN DROP OFF THE
FISH, BE REARED IN THE RACEWAY, AND REMOVED WHEN THEY ARE LARGE ENOUGH
FOR STOCKING. [F SUCCESSFUL, THESE METHODS WOULD REQUIRE LESS MANPOWER
THAN OTHER ARTIFICIAL PROPAGATION TECHNIQUES THAT ARE UNDER DEVELOPMENT.

DEVELOP DIETS FOR ARTIFICIALLY PROPAGATED JUVENILE MUSSFLS. ONCE JUVENILE MUSSELS
ARE PRODUCED, THEY MUST BE FED AND REARED TO A SIZE SUITABLE FOR RELEASE, THE
TECHNOLOGY TO FEED JUVENILE MUSSELS IS NOT FULLY DEVELOPED, AND [T HAS BEEN TESTED
ON ONLY A FEW SPECIES. THE FOOD AND FEFDING REGIMES MUST ALSO BE ADAPTED TO

LARGE -SCALE OPERATIONS IN ORDER TG MAKE PROPAGATION A FEASIBLE MANAGEMENT TDOL.

DETERMINE THE VIABILITY OF ARTIFICIALLY PROPAGATED JUVENILES. THE SURVIVAL AND
GROWTH OF MEDIUM-PRODUCED AND ARTIFICIALLY REARED JUVENILES SHOULD BE COMPARED TO
THOSE OF NATURALLY PRODUCED JUVENILES TO EVALUATE THEIR SUITABILITY FOR RELEASE IN
RESTORATION AND RECOVERY PROGRAMS.

CONDUCT A COMPRFHENSIVE REVIEW OF FOREIGN AND RELATED LITFRATURE THAT COULD HAVE
APPLICATION IN MUSSEL PROPAGATION RESFARCH. AS ASTAN COUNTRIES HAVE A WEALTH OF
EXPERIENCE IN FRESHWATER MUSSEL CULTURE, THEIR LITERATURE SHOULD BE TRANSLATED SO

TECHNIQUES CAN BE TESTED AND IMPLEMENTED HERE.
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8.5

8.6

CONDUCT A REVIEW OF MUSSEL CULTURE ACTIVITIES OUTSIDE THE UNITED STATES (E.G.,
CHINA. JAPAN, AUSTRALIA, AND INDONESIA} AND ORGANIZE AN INTERNATIONAL SYMPOSIUM
ON ARTIFICIAL PROPAGATION. TFOREIGN RESEARCHERS ARE WORKING ON PROPAGATION
TECHNOLOGY . AN INTERNATIONAL SYMPOSIUM ON THE SUBJECT WOULD BRING THESE VARIOUS
GROUPS TOGETHER TO SHARE RESEARCH RESULTS AND EXPLORE NEW RESEARCH DIRECTIONS.

IDENTIFY CRITERIA FOR SELECTING FEDERAL, STATE, TRIBAL, AND PRIVATE HATCHERY
FACILITIES THAT COULD BE USED FOR LARGE~SCALE MUSSEL PROPAGATION. ALTHOUGH
PROPAGATION TECHNOLOGY IS NOT FULLY DEVELOPED, EXISTING HATCHERY FACILITIES WILL
EVENTUALLY BE NEEDED TO PRODUCE JUVENILES FOR REINTRODUCTION. IF THE FACILITY

" MANAGERS KNOW THAT THEY MIGHT BF REQUESTED TO PROPAGATE MUSSELS, THEY COULD

8.7

8.8

CONSIDER THESE CRITERIA WHEN PLANNING MODIFICATIONS AT THEIR FACILITY. {APPENDIX
11T CONTAINS DRAFT CRITERIA MODIFIED FROM THE SERVICE'S FACILITY CRITERIA.)

DETERMINE THE RISKS ASSOCIATED WITH MUSSELS, THEIR FISH HOSTS, AND ASSOCIATED
DISFASES ESCAPING FROM THE FACILITY INTO NONHISTORIC HABITAT. WHENEVER SPECIES ARE
MOVED INTO AREAS QUTSIDE THEIR HISTORIC RANGE THERE IS ALWAYS A RISK THAT THEY WILL
FSCAPE AND BECOME ESTABLISHED. IF MUSSELS AND THEIR ASSOCIATED FISH HOSTS ARE TO

BE PROPAGATED AND HELD OUTSIDE THEIR HISTORIC RANGE, AN ASSESSMENT SHOULD BE MADE

OF THE RISK OF ESCAPE AND POTENTIAL CONSEQUENCES.

DEVELOP THE TECHNOLOGY TO REINTRODUCE JUVENILE MUSSELS INTO HISTORIC HABITAT. THE
REINTRODUCTION/RELOCATION OF ADULT MUSSELS HAS MET WITH LIMITED SUCCESS, AND THE
FEASTBILITY FOR RELFASING JUVENILE MUSSELS INTO THE WILD MAS NOT BEEN TESTED.
ADDITIONAL RESEARCH ON SUCH FACTORS AS HABITAT SUITABILITY, SIZE AND NUMBER OF
JUVENILES TO RELEASE, METHOD OF RELEASE, AND TIME OF RELCASE ARE NEEDED.

PROBLEM Q:  THE SURVIVAL OF RARE MUSSELS WILL REQUIRE THE ABILITY TO HOLD THEM IN

CAPTIVITY OR IN A REFUGIA AND TO TRANSLOCATE ADULT MUSSELS TO
REESTABLISH POPULATIONS. HOWEVER, THESE TECHNIQUES ARE NOT ADEQUATELY
DEVELOPED FOR IMPLEMENTATION BY RESCURCE MANAGERS .

GOAL: HAVE THF TECHNIQUES NECESSARY TO HOLD AND TRANSLOCATE LARGE NUMBERS OF ADULT
MUSSELS .

STRATEGIES

9.1 DEVELOP PROTOCOLS TO RELOCATE ADULT MUSSELS. ADULT MUSSELS ARC GENERALLY RELOCATED

FOR TWO REASONS: (1) TO REMOVE THEM FROM AN AREA WHEN A DEVELOPMENT PROSECT OR
OTHER FACTORS THREATEN THEIR SURVIVAL AND (Z2) TO RELEASE THEM BACK INTO RESTORED
HISTORIC HABITAT. ALTHOUGH ADULT MUSSELS HAVE BEEN RELOCATED, THESE EFFORTS HAVE
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9.2

9.3

9.4

9.5

9.6

MET WITH VARTED SUCCESS. HOWEVER, THIS TOOL IS ESSENTIAL TO MUSSEL CONSERVATION.
FOR EXAMPLE, ZFBRA MUSSELS ARE CURRENTLY THREATENING RARE MUSSELS IN THE OHIO AND
MISSISSIPPT RIVER SYSTEMS (SEE PROBLEM 6). TO SAVE SOME OF THESE NATIVE SPECIES,
IT WILL BE NECESSARY TO MOVE SOMF RARE AND COMMERCIALLY VALUABLE SPECIES TO AREAS
THAT WILL NOT RE THREATENED BY THE ZFBRA MUSSEL (SEE STRATEGIES 6.3 AND 6.4) .
ALSO, ADULT MUSSELS CAN BE RELOCATED IN ORDER TO REESTABLISH EXTIRPATED POPULATIONS
WHEN SUFFICIENT SPECIMENS ARE AVAILABLE IN A DONOR POPULATION. -

DEVELOP CRITERIA FOR MUSSEL RELOCATION. DEVELOP A CHECKLIST GF THE PHYSICAL,

- CHEMICAL., AND.BIOLOGICAL PARAMETERS (E.G.., MABITAT TYPE, PH, OXYGEN REQUIREMENT, .. ... .. ... ..

AND NUMBER OF INDIVIDUALS NEFDED FOR A SELF-SUSTAINING POPULATION) THAT SHOULD BE
CONSTDERED BEFORE ATTEMPTING THE TRANSLOCATION OR HOLDING OF SPECIES IN REFUGIA.
THIS GUIDANCE SHOULD ADDRESS MOVING SPECIES BETWEEN WATERSHEDS AND INTRODUCTTONS
INTO NONHISTORIC HABITAT. THE GUIDANCE SHOULD ALSO STRESS THE NEED TO MONITOR AND
FULLY REPORT PROJECT RESULTS.

DEVELOP MECHANISMS (F.G., RADIO TAGGING) FOR THE LONG-TERM MONITORING OF
TRANSPLANTED MUSSELS . ONCE RELEASED INTO THE WILD, INDIVIDUAL MUSSEL SPECIMENS ARE
DIFFICULT TO RELOCATE,; THIS FACTOR COMPLICATES THE ASSESSMENT OF RELEASE SUCCESS.
RESEARCH WAS CONDUCTED IN THE £ARLY 1980S ON THE FEASIBILITY OF TAGEING MUSSELS
WITH MAGNETS AND RADIO TAGS. HOWEVER, THIS RESEARCH DID NOT PROVIDE ANY RELIABLE
TECHNOLOGY .  AS RADIO TELEMETRY HAS IMPROVED MUCH IN RECENT YEARS, ANOTHER MUSSEL
TAGGING STUDY IS WARRANTED.

DEVELOP TECHNOLOGY TO MAINTAIN ADULT MUSSELS IN CAPTIVITY. MANY SPECIES ARE SO
RARE QR SO THREATENED BY HABITAT DESTRUCTION OR OTHER FACTORS THAT THEY ARE LIKELY
TO BECOME EXTINCT IN THE WILD IN THE FORESEEABLE FUTURE. AS MUSSELS ARE
LONG-LIVED, IT MAY BE POSSIBLE TO MAINTAIN SOME SPECIES IN CAPTIVITY FOR EXTENGED
PERIODS. WHEN HABITAT IS RESTORED OR SUITABLE HABITAT IS LOCATED, THESE
INDIVIDUALS OR THEIR PROPAGATED OFFSPRING COULD BE RETURNED TO THE WILD. HOWEVER,
THE TECHNOLOGY FOR THE LONG-TERM MAINTENANCE OF CAPTIVE MUSSEL POPULATIONS IS NOT
FULLY DEVELOPED. RESEARCH IS ESPECTALLY NEEDED ON THE FEEDING AND HABITAT
REQUIREMENTS OF CAPTIVE-HELD ADULTS.

DEVELOP GUIDFI INES WITH THRESHOLDS (TRIGGERS) TO ASSIST MANAGERS IN DETERMINING
WHEN INDIVIDUALS OF A MUSSEL SPECIES SHOULD BE BROUGHT INTO CAPTIVITY. MANY
FACTORS THREATEN THE CONTINUED EXISTENCE OF NATIVE MUSSELS. GUIDELINES ARE NEEDED
TO ASSIST MANAGERS IN DETERMINING WHEN A SPECIES IS SO THREATENED BY THESE FACTORS
THAT 1T SHOULD BE BROUGHT INTO CAPTIVITY OR RELOCATED TO A MORE SECURE LOCATION
(SEE STRATEGY 6.3).

DEVELOP CRITERIA FOR SELECTING AN APPROPRIATE FACILITY TO BE USED FOR CAPTIVE
MUSSEL HOLDING AND IDENTIFY SPECIFIC FACILITIES THAT COULD BE USED IN THIS EFFORT.
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THESE CRITERIA WILL ASSIST MANAGERS IN DETERMINING IF THEIR FACILITIES ARE SUITABLE
FOR CAPTIVE HOLDING. IF THE FACILITY MANAGERS KNOW THEY MIGHT BE REQUESTED TO HOLD
MUSSELS, THEY COULD CONSIDER THESE CRITERIA WHEN PLANNING MODIFICATIONS TO THEIR
FACILITIES. SECURE APPROPRIATE COMMITMENTS FROM AGENCIES R ORGANIZATIONS FOR
FACILITY SPACE IN AREAS WHERE THERE IS AN IMMINENT NEED FOR CAPTIVE HOLDING (SEE
STRATEGY 8.6) .

Q.7  DETERMINE RISKS ASSOCIATED WITH SPECIES ESCAPING FROM THE FACILITY INTO NONHISTORIC
HABITAT. (SEE NARRATIVE UNDER STRATEGY 8.7.)

9 8 DEVELOP A HEALTH STRATEGY FOR CAPTIVE MUSSEL POPULATIONS. THIS WOULD INCLUDE THE
© DEVELOPMENT OF TECHNIQUES FOR DISEASE DIAGNOSIS, DETERMINATION OF DISEASE VECTORS,
AND DISEASE CONTROL. If ADULT MUSSELS ARE TO BE BROUGHT INTO ACTIVE FISH HATCHERY
FACILITIES. THE EFFECTS OF MUSSEL DISEASES ON FISH AND FISH DISEASES ON MUSSELS
SHOULD RE ASSESSED.

9.9  DEVELOP MUSSEL CRYOPRESERVATION TECHNOLOGY. CRYOGENIC PRESERVATION COULD MAINTAIN
MUSSEL GENETIC MATERIAL (MUCH LIKE SEFD BANKS FOR ENDANGERED PLANTS) UNTIL SUCH
TIME THAT THE HABITAT IS SUITABLE FOR REESTABLISHING THE SPECIES. ADDITIONALLY, IF
A MUSSEL POPULATION WERE LOST TO A CATASTROPHIC EVENT, SUCH AS A TOXIC CHEMICAL
SPILL, CRYOBENIC PRESFRVATION COULD ALLOW FOR THE EVENTUAL REESTABLISHMENT OF THAT
POPULATION USING PRESERVED GENETIC MATERIAL. AS CRYGPRESERVATION TECHNIQUES FOR
OTHER FAUNAL GROUPS ARE DEVELOPED, THE TECHNGLOGY SHOULD BE ADAPTED AND TESTED ON
NATIVE MUSSELS.

PROBLEM 10: CURRENT FUNDING LEVELS ARE NOT SUFFICIENT TO ADDRESS IDENTIFIED
INFORMATION NEEDS OR TG IMPLEMENT THIS NATIONAL STRATEGY.

GOAL :  INCREASE AVAILABLE FUNDING LEVELS AND DFVFLOP OTHER MEANS TO INCREASE MUSSEL
CONSERVATTON EFFORTS.

STRATEGIES

NOTE : THE OUTREACH STRATEGIFS IDENTIFIED UNDER PROBILEM 7 ARE CRITICAL TO
THE SUCCESS OF THE FOLLOWING STRATEGIES.

10,1 DEVELOP PARTNERSHIPS AND SEEK FUNDING FROM GOVERNMENT AGENCIES, PRIVATE
ORGANIZATIONS . FOUNDATIONS. INDUSTRIES, AND INDIVIDUALS. NO ONE AGENCY OR
ORGANIZATION HAS SUFFICIENT FUNDS OR EXPERTISE TO CONSERVE AND RECOVER OUR NATION'S
MUSSEL FAUNA. PARTNERSHIPS, COUPERATIVE VENTURES, AND FUNDING FROM WITHIN AND
OUTSIDE GOVERNMENT ARF ESSENTIAL TO PROGRAM SUCCESS. ADDITIONALLY, MUSSEL
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CONSERVATION WILL NOT SUCCEED UNLESS IT IS INTEGRATED WITH OTHER AQUATIC ECOSYSTEM
CONSERVATION EFFORTS, THE BENEFITS OF MUSSEL CONSERVATION MUST BE LINKED G OTHER
AQUATIC RESOURCE BENEFITS.

10.1.1  SEEK FUNDING ASSISTANCE FROM FEDERAL, STATE, AND TRIBAL AGENCIES THAT
HAVE DIRECT INVOLVEMENT WITH AQUATIC RESOURCES MANAGEMENT . MANY NATURAL
RESOURCES AGENCIES, SUCH AS THE SERVICE, NBS, USGS, Lores, TVA, EPA,
USFS, NPS, AND STATE AND TRIBAL NATURAL RESOURCES AGENCIES, ARE ALREADY
FUNDING PROJECTS DIRECTLY RELATED TO MUSSEL CONSERVATION. DEVELOP

~-SPECIFLC PROPOSALS AND SOLICIT THEIR HELP IN THE CONSERVATION EEEORT .

" THESE AGENCIES SHOULD BE ENCOURAGED TO EXAMINE THEIR EXISTING AUTHORITIES
TO DETERMINE HOW THEY COULD EXPAND INTO MUSSEL CONSERVATION.

10.1.2 SEFK FUNDING FOR MUSSEL CONSERVATION FROM AGENCIES OR ORGANIZATIONS THAT
HAVE ACTIVITIES WHICH IMPACT MUSSEL COMMUNITIES. MANY REGULATORY
AGENCIES QVERSEE PROGRAMS THAT SCCONDARILY BENCFIT MUSSELS; THEY MIGHT BE
WILLING TG STRENGTHEN THEIR PROGRAMS TO IMPROVE THE PROTECTION OF MUSSEL
RESOURCES. PURSUE COOPERATIVE FUNDING THAT SATISFIES AN AGENCY'S NEEDS
AND PROMOTES MUSSEL CONSERVATION.

10.1.3 EVALUATE FUNDING ALTERNATIVES, SUCH AS A TAX ON EXPORTED SHELLS,
COMMERCIAL MUSSEL HARVEST FFES, OR A TAX ON THE IMPORT OF PRODUCTS MADE
FROM NATIVE SHELLS. SOME STATES ALREADY IMPOSE A TAX ON HARVESTED
SHELLS, AND THE FUNDS ARE USED FOR MUSSEL CONSERVATION EFFORTS. A
FEDCRAL TAX ON DOMESTIC SHELL EXPORTS OR THE FOREIGN IMPORT OF
MUSSEL -DERIVED PRODUCTS SHOULD BE CONSIDERED.

10.1.4  SEEK FUNDING ASSISTANCE FROM NONGOVERNMENT AGENCIES AND ORGANIZATIONS,
BUSINESSES, AND FOUNDATIONS. MANY CRGANIZATIONS FUND CONSERVATION
PROJECTS OR PROVIDE IN-KIND SUPPORT. IF ONF ORGANIZATION PROVIDES
FUMDING, GTHER ORGAMIZATIGNS ARE OFTEN MORE WILLING TO MATCH THE ORIGINAL
FUNDS. SOLICIT THE SUPPORT OF SUCH ORGANIZATIONS AND BUILD COOPERATIVE
EFFORTS AMONG THESE GROUPS.

LITERATURE CITED

BurcH, J. B. 1973, FRESHUATER UNIONACEAN CLAMS {MOLLUSCA: PELECYPODAY OF NORTH
AMERICA.  ENVIRONMENTAL PROTECTION AGENCY, BIOTA OF FRESHWATER ECOSYSTEMS,
IDENTIFICATION Manual No. 11. 176 pp.

25



ter, D.S., C. R. GueserT, C. H. Hocutr, R. E. JENKINS, D. E. MCALLISTER, AND
J. R. Staurrer, Jr. 1980. ATiAS 0F NORTH AMERICAN FRESHWATER FISHES.
PUBLICATION #1980-12 oF THE NorTH CAROLINA BIOLOGICAL SURVEY. 854 pp.

MASTER, L. 1990, THF IMPERILED STATUS OF NORTH AMERICAN AQUATIC ANIMALS.
BIODIVERSITY NETWORK News 3:1-2, 7-8.

TeNNESSEE VALLEY AUTHORITY . 1971, STREAM LENGTH IN THE TENNESSEE RIVER BASIN.
TENNESSEE VALLEY AUTHORITY, KNOXVILLE, TENNESSEE. 25 pp.

CWILLIAMS . J. DML warren. Jr., K. S. Cumdings, J. L. HagriS, a0

R. J. Neves. 1992, CONSERVATION STATUS OF FRESHWATER MUSSELS OF THE UNITED
STATES AND CANADA. FISHERIES 18(9):6-22.

20



APPENDIX I

PARTICIPANTS AT THE APRIL 1995, MusSEL MEETING IN ROANOKE, VIRGIKIA,
AND OTHER INDIVIDUALS WHO WERE INVOLVED IN DRAFTING
THE DOCUMENT, OR PROVIDED WRITTEN COMMENTS

MEETING PARTICIPANTS:

" TENNESSEE “SHELL “COMPANY
MS . PEGGY BAKER

On10 DIVISION OF WILDLIFE
Dr. ToMm WATTERS

WiSCONSIN DEPARTMENT OF NATURAL
RESOURCES ‘
Mr, KURT WELKE

MICHIGAN STATE UNIVERSITY
DR. ED MAHONEY

U.S. ArMy CORPS OF ENGINEERS
Dr. Barry PAYNE

TENNESSEE VALLEY AUTHORITY
DR, JoHn JENKINSON

MS. PaM THIEL

MR. RICKARD BIGGINS
Ms . DEBBIE MIGNOGNO
MS. SUSI VON OFTTINGEN
MS. LINDA DREES
Ms. CIiNoy DOHNER
Mr. DAVE HARRELSON
Ms . KARI DUNCAN
MR. JERRY LANDY
MR. JOHN THOESON
MR. DAvVE TILTON.
MR . LEROY KocH

Mr. ANDY MOSER

MS. JANICE ROwaN

NATIONAL BIOLOGICAL SERVICE

DR. JAMES WILLIAMS
DR. RITA VILLELLA
DR. JAMFS LAYZER

DR. RICHARD NEVES

THE FOULOWING INDIVIDUALS WERE INVOIVED IN DRAFTING THE DOCUMENT OR PROVIDED WRITTEN

COMMENTS -

MISSOURI DEPARTMENT OF CONSERVATION

Mr. ALan C. BUCHANAN

U.S. SHELL
M. LONNIE (GARNER
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AMERICAN SHELL
MR. JAMES PEACH

NORTH CAROLINA WILDLIFE
RESOURCES COMMISSION
MR, JOHN ALDERMAN



ALaBAMA DEPARTMENT OF CONSERVATION
AND NATURAL RESOURCES
MR. JEFFERY T. GARNER

InSTITUTE OF ECOSYSTEM STUDIES
DR. DAvID STRAYER

U.S. FIsH AND WILDLIFE SERVICE
Ms. CINDY CHAFEE
Mr. ROBERT S. BuTLER

GREAT LAKES INDIAN FISH &

WILDLIFE COMMISSION -
MR. GLENN MILLFR
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APPENDIX II

CRITERIA FOR PRIORITIZING PROJECTS AND ACTIVITIES
IDENTIFIED IN THIS NATIONAL STRATEGY
PROJECT HAS PARTNERS OR HAS THE POTENTIAL TO CREATE PARTNERSHIPS.

' PROJECT WORK IS RELATED TO PRIORITIES FOR GEGGRAPHICAL DISTRIBUTION AND SPECIES
DIVERSITY AND CONSIDERS THE DEGREE OF THREAT. ST

PROJECT ADDRESSES BOTH THE STATUS AND TRENDS OF THE MUSSEL POPULATIONS.
PROJECT FOCUSES ON THE AQUATIC SYSTEM WITHIN THE WATERSHED (USGS QUADRANTS) .
PROJECT FULFILLS THE ORJECTIVES OF EXISTING MANAGEMENT OR RECOVFRY PLANS.

THE PROJECT 1S FEASTRBLE AND ACHIEVABLE (1.E., COST-EFFECTIVE: USES THE BEST CHOICE OF
METHODS ) .

PROJECT DOFS NOT UNNECESSARILY DUPLICATE EXISTING STUDIES.

PROJECT PROVIDES A SHORT-TERM SOLUTION UNTIL A LONG-TERM PLAN IS DEVELOPED.

PROJECT HAS A MONITORING COMPONENT .

PRCJECTS THAT PREVENT EXTINCTION ARE OF A HIGHER PRICRITY THAN PROJECTS THAT MAINTAIN
EXISTING POPULATIONS, AND MAINTENANCE PROJECTS ARE OF A HIGHER PRIORLTY THAN RECGVERY
PROJECTS.

ALL OTHER OPTIONS HAVE BEEN EXPLORED (F.G., HABITAT RESTORATION OR TRANSLOCATION) .

APPLICABILITY OF RESEARCH TG MULTIPLE SPECIES (NATIONAL RESEARCH RECEIVES A HIGHER
PRIORITY THAN LOCAL RESEARCH) .

THE END SHOULD JUSTIFY THE MEANS.
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APPENDIX III

DRAFT
U.S. F1sH aND WILDLIFE SERVICE FACILITY CRITERIA

THE ACTIVITY MUST BE CONSIDERED ESSENTIAL AND MUST BE JUSTIFIED IN MANAGEMENT,
CONSERVATION, OR RECOVERY PLANS, ETC. FOR SERVICE FACILITIES, THE WORK NEEDS TO MEET
CTHE COALS OF “THE™ ECOSYSTEM PLAN. e e

THE WATER QUALITY AND SUPPLY MUST BE KNOWN AND MUST BE COMPATIBLE WITH SPECIES TO BE
HELD.

FACILITIES SHOULD ONLY WORK WITH MUSSELS FROM THE SAME BASIN OR WATERSHFD. MUSSELS
WILL ONLY BE ALLOWED TO BE CULTURED OR HELD GUTSIDE OF THEIR NATIVE BASIN OR WATERSHED
UNDER A SPECIAL PERMIT OR IN CASES OF EMERGENCY {I.£., THE THREAT OF EXTINCTION) AND
WITH APPROVAL FROM STATE NATURAL RESOURCES AGENCIES AND THE SUPPQRT OF THE CONSERVATION
COMMUNITY .

FACILITIES MUST HAVE A WATER SOURCE FREE OF ZEBRA MUSSELS.

FACILITIES MUST HAVE A WET LAB OR HAVE RCADY ACCESS TO ONE.

TE THE FACILITY STAFF DOES NOT HAVE THE TECHNICAL EXPERTISE REQUIRED, THE FACILITY'S
PROJECT LEADER MUST PROCURE THE NECESSARY TRAINING OR SECURE THE NECESSARY EXPERTISE

THROUGH COOPERATIVE ARRANGEMENTS WITH APPROPRIATE EXPERTS.

FACILITIES MUST HAVE AN AVAILABLE AND SUITABLE FOOD SOURCE. IF A NATURAL SOURCE IS NOT
AYATLABLE, A FACILITY MUST HAVE THE SPACE AND EXPERTISE NEEDED TO PRODUCE FOOD.

' PROJECTS SHOULD BE COOPERATIVE VENTURES INVOLVING FEDERAL, STATE, TRIBAL, OR PRIVATE
ORGANIZATIONS . FOR EXAMPLE, PROJECTS DESIGNED BY THE SERVICE SHOULD INVOLVE
HATCHERIES . FISH HEALTH LABS, AND FISH TecHNOLOGY CENTERS. IF FEDERALLY LISTED
SPECIES ARE CONCERNED, INVOLVE ECOLOGICAL SERVICES.

CoMPLY WITH ALL FEDZRAL AND STATE PERMIT REQUIREMENTS.

THE TNTRODUCTION OF MUSSELS INTO A FACTLITY SHOULD NOT SIGNIFICANTLY AFFECT THE EXISTING
FISH PRODUCTION PROGRAM.
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® A CONTINGENCY PLAN SHOULD BE PREPARED THAT ADDRESSES HOW LISTED MUSSELS WILL BE RESCUED
IN CASE OF FLOODING OR OTHER DISASTER.

NOTE: CRITERIA SHOULD BE A FUNCTION OF THE PROJECT OBJFCTIVES (E.G.. REFUSIA, PROPAGATION, AND RESEARCK) . IF
CRITERIA ARE NOT APPLICABLE TO THE PROJECT, COMPLIANCE IS NOT NECESSARY. IF THIS IS THE CASE, JUSTIFICATION FOR
NOT COMPLYING MUST ACCOMPANY A PROPOSAL. FOR EXAMPLE, THE NEED FOR RACEWAYS OR PONDS 1S DEPENDENT ON THE SPECIES
AND PROJECT.
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