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This document was developed from the minutes of a freshwater
mussel meeting sponsored by the U.S. Fish and Wildlife
Service and held in Roancke, Virginia, April 26-28, 1995,
Although document review and guidance were provided by
steering committee (Committee) members selected at the
meeting and by meeting attendees, the authors bear sole
responsibility for the views expressed herein.

Additionally, as this document has not been approved by the
agencies or organizations represented on the Committee or at

the April 1995 meeting, the document does not necessarily
represent the views of those agencies or organizations.






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 April 1995. The meeting was held
to develop strategies for conserving our nation’s renewable mussel
resources and their sustaining habitats.” Because of the magnitude and
immediacy of the nationwide threats, a coordinated effort of national

scope was deemed necessary to prevent further mussel extinctions and
poputations losses. To address this need, a committee was formed to
draft this National Strategy for the Conservation of Native Freshwater
Mussels (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 Tast 50 years this rich fauna has been decimated by impoundments:;
sedimentation; channelization and dredging; water pollution; 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 coilapse.

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
improve 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 to alert us to water quality problems.
In recent years the annual vaiue of shells to the mussel shell industry
nas been $40 to $50 million dollars per year. The mussel shells are used
in the cultured pearl 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 our 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
plignt of these animals and their essential ecosystems and garner support
for species and habitat protection programs: and (3) encourage creative



partnerships (working and funding) among Federal, state, and local
governments and the private sector to restore the mussel fauna and
environmental guality to our rivers.

Critical Mussel Conservation Needs

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

Coordinate working and funding partneréhips to conserve and recover
critically important mussel habitats

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

Draft g quantitative protocol to ensure that native mussels are free of
zebra mussels when they are relccated to new environments.

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

Initiate mussel research on life histories, population dynamics, and
environmental requirements.

Perfect'g1och1d1a transformation and juvenile rearing technology for
production level programs.

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

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

Determine impact of habitat alterations on mussel populations.

Utilize existing Federal, state, and Tocal laws and reguiations to
protect mussel resources and habitats.

Test cryopreservation technology on mussei embryos.

Develop and implement an educational program that increases government,
oublic, 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 cther aquatic and
aquatic-dependent species.
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HISTORY OF THIS DOCUMENT

In April 1995 the U.S. Fish and Wildlife Service (Service) sponscred

a meeting in Roanoke, Virginia, attended by 24 individuals, from Federal
and state agencies, academia, and industry {(see Appendix I), who were
familiar with freshwater musse! issues. The purpose of the meeting was
to discuss management. research, and funding needs for freshwater mussel
conservation throughout the United States. Additionally, the Service
wanted to determine what role it and its-hatchery facilities might play
in supporting mussel conservation.

Throughout the meeting, certain recurring themes were evident:
(1) immediate action is needed fo reverse the decline of the nation’s
mussel fauna and the loss of high-quality aquatic habitats: (2) basic
mussel research must be broadened and accelerated; (3) current funding
tevels are insufficient to support the needed effort; (4) coordination
and partnerships among government and private entities are essential for
effective mussel conservation: (5} improved information exchange
mechanisms are needed: (6) standard mussel survey and die-off assessment
methods are needed; and (7) zebra mussel impacts to ecologically and
commercially important mussel resources must be addressed.

The attendees recognized that numerous agencies, organizations, and
individuals are working on some of the mussel conservation issues being
discussed at the meeting. However, it was acknowledged that there is
1ittle coordination and communication among these various mussel
conservation initiatives. The group consensus was that mussel
conservation would benefit from a conservation strategy document that
addressed the plight, protection, and recovery of mussels on a national
basis. A National Mussel Steering Committee was selected to draft a
National Strategy for the Conservation of Native Freshwater Mussels
{(National Strategy) and model it on the successful Upper Mississippi
Strategic Mussel Plan developed by the Upper Mississippi River
Conservation Committee.

The authors of the National Strategy developed an cutline 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 ail
activities that will be needed for the long-term conservation of mussels.
They are offered as guidance to provide a national mussel conservation
perspective and to help various crganizations identify the types of
conservation tasks that could be implemented to assist in the greater
conservation effort. _

This National Strategy is intended to be a dynamic document that
will be revised periodically as new informaticn becomes available and new
strategies are developed. The authors welcome any comments and
suggestions that would help to enhance the short- and long-term mussel
conservation goals.



STATUS AND IMPORTANCE 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 adormments. In spite of their extensive expicitation of this
resource, the mussel fauna remained relatively unchanged for centuries
prior to European settlement. However, this uniguely rich North American
fauna has been declining in diversity and abundance over the past
200 years because of human zlterations of aquatic habitats, and in the

POt CeRtury, mussels have suffered a decline greater than any other
wide-ranging animal group in the Unjted States.

The current Federal status of this family of animals is as follows:
19 percent are listed as endangered or threatened, 23 percent are
candidates for protection, 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 Conservancy (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 in 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, channeiization and dredging of rivers, and
various forms of water pollution. Reserveoir construction on targe
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 pergent)
of the Tennessee River and its larger tributary watersheds (> 25 mi<)
were impounded {Tennessee Valley Authority 1971). In addition to the
Toss of free-flowing channels within impoundments, mussels in downstream
tailwaters were seriousty affected by flow and temperature fluctuations.
Upstream of reservoirs. mussel populations 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 adversely 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 fauna in our
nation’'s waterways. Some mussel populations are now comprised of so few
individuals that reproduction is insufficient to sustain tnem. Some
species have been reduced to so few and such small populations that the
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remaining populations are highly vulnerable to extirpation or extinction
from random events such as natural disasters cr chemical spills.

The invasion by the nonindigenous zebra mussel into the Great Lakes
in the late 1980s and intc cur large rivers in the 1990s now further
threatens the continued existence of ecclogically and commercially
important mussel populaticns. Zebra mussels, which are native to the
Black, Caspian, and Aral Seas area of Asia, can attach to native mussels
Dy the thousands and suffocate and starve native species. The
disappearance of native mussels throughout most of the heavily infested
Great Lakes is testimony to the zebra mussel’s deadly consequences. Its

presence in the waters of 19 sfates is an ominous forebeding of impending
doom for the mussel resources in those states.

Musseis are of significant vaiue to the health of aguatic
ecosystems. They serve as a food source for some fishes and are readily
consumed by muskrat, raccoon, 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
1ive more than 50 years), immobility, and sensitivity to water poliution,
their presence and abundance is a refiection of a river’'s water and
habitat quality. Thus, the T¢ss or decline of 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 habitat for invertebrates at the base of the food chain.
Shetls aiso provide cover and spawning sites for federally 1isted
darters, madtoms, and other bottom-dwelling fishes. The biclogical
diversity and integrity of fish and other components of aguatic
communities are closely linked to the benefits provided by native
mussels.

The econcmic 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 button industry
between about 1900 and 1940. Currently, the shells of commercially
harvested mussels are crucial for bead production in the international
multi-bitlion-dollar cultured pearl industry. In 1993 the mussel shell
industry in the United States exported roughly 6,500 tons of shells
valued at between $40 to $50 million dollars and provided employment for
up to 10,000 people Tiving along harvested rivers (primarily in the
states of Alabama, Arkansas, Georgia, Illinois, Iowa. Kansas, Kentucky,
Louisiana, Minnesota, Missouri, Oklahoma. Tennessee. Texas. and
Wisconsin} (Peggy Baker, Sheil Exporters Asscciation, personal
communication, 1994). In addition to this enormous export industry,
shelis 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 Tower Tennessee River. As domestic bead and
pear] production expands, the economic value of this renewable natural
resource will continue to increase. However, any increased economic
value will be short-lived 1f our mussel fauna continues to decline.
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Biologists have been documenting the decline and loss of mussel
populaticns since the early part of this century, but only in the last
20 years have environmental regulations and enforcement been available to
reduce habitat destruction and water quality degradation. Numercus
Federal, state, and Tocal agencies; conservation groups; and concerned
citizens now recognize the severity of the problem and the vulnerability
of our freshwater mussels and associated fauna to extinction.

Some species protection plans. regionally based conservation plans
(e.g., recovery plans for federally listed species, and a Strategic Pian
for the Management of the Freshwater Mussel Resources of the Upper
Mississippi River [Upper Mississippi Strategic Mussel Plan]) have been

“deveToped, -and-conservation efforts are being implemented by Federal and
state agencies and conservation organizations. However, there is no
strategy to address research and conservation needs from a national
perspective.

GOALS OF THIS NATIONAL STRATEGY

The primary goal is to conserve our national freshwater mussel fauna
and maintain its ecological and economic value to society. Specifically,
the purposes of the National Strategy are as follows:

= fvaluate the current national status, population trends, and value of
freshwater mussels.

= [dentify and impiement research, management, and conservation
activities necessary to conserve and recover this fauna.

= Initiate creative partnerships (working and funding) for mussel
conservation activities among Federal, state. and local government
agencies, universities, and the private sector.

= [ncrease government and public awareness of the plight of the nation’s
diverse freshwater mussei fauna, i1is ecological and economic value, and
garner support for musseil conservation programs.



IDENTIFICATION OF SPECIFIC PROBLEMS,
GOALS, AND STRATEGIES

Note: The foliowing problems, goals, and strategies have not
been prioritized. The intent is to provide a 1ist of
strategies and allow each agency or organization to
prioritize and choose the strategy(s) that best fits its
own mission, funding, and expertise. However,

Appendix II provides a 1ist of ranking criteria to
assist in ranking specific projects.

PROBLEM 1:  There is 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 Establish 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
Biological Service (NBS), Tennessee Valley Authority (TVA),

U.S. Geological Survey {USGS), U.S. Army Corps of Engineers
(Corps), U.S. Forest Service (USFS), Naticnal Park Service (NPS),
Environmental Protection Agency (EPA), each state with significant
mussel resources, the commercial mussel industry, the conservation
comgunity, and academia. The Committee will perform the following
Tasks:

1.1.1 Identify entities that study, manage, harvest, conserve, or
recover mussel populations: solicit their support: and
encourage partnerships in mussel conservation. Tne
Service, NBS, TVA, Corps, several state natural rescurces
agencies, and the commercial mussel industry assisted with
the development of this National Strategy (see Appendix 1).
However, there are numercus other individuais and agencies
that are currently conducting research and management on
fresnwater 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 103.

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
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1.1.3

readily available 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 additicnal ways to
facilitate information exchange. The Committee should
review currently available information exchange mechanisms
and develop additional options as needed.

Provide guidance for the mussel conservation effort. As

1.1.4

1.1.5

1.1.0

representatives of the national mussel conservation
community, the Committee will meet on an annual basis to
review the current status of the coilective 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 & 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 mussets is
scattered throughout various professional journals,
government publications, unpublished research projects,
museum records, and observation records of numerous
individuais. If this information could be consclidated
into a computerized annotated bibliography, the mussel
conservation community and other interested individuals
would have ready access to current knowledge to help
expedite the conservation effort.

Serve as the primary advocate for the implementation 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 researchers. These individuais would have specific
mussel research or related expertise and would be available
to review research 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 regime that
can be used throughout the country. Mussel
sampling techniques must be adapted to each
situation based on available funding, the
expertise of coilectors, and environmental
conditicns. Therefore, it is difficuit to
standardize a sampling protocol. However, by
standardizing some aspects of the sampling
protocol, mussel biologists would be better able
to compare data ampong sites and among collections
at the same site (see Strategy 4.1).

1.2

1.3

1.1.6.2 Develop 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 uniikely
that the cause(s) of all future die-offs can be
ascertained. but a standardized die-off response
procedure woutd help resource managers and
commercial mussel fishermen respond in a more
timely manner and collect the critical information
and samples needed by researchers.

Encourage and create new partnerships and facilitate the
development of formal agreements (e.g.. memorandums of agreement)
among government agencies and private entities to help implement
this National Strateqy. The mussel conservation community is small
and by itself cannot 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 (commercial mussel industry,
sport fisheries, water supply industry, canoeists, birders, etc.).
Partnerships with other entities are essential to the success of
this mussel conservation program, and these partnerships should be
actively pursued (see strategies listed under Probiems 2 and 10).

Encourage and create cooperative ventures with academic
institutions and the private sector to address specific research,
information, and conservation needs (see strategies listed under
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,

2.1 Utilize information gathered under-Strategies 4.1, 4.2, and 4.3 to
identify 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 resources available for
mussel conservation are-small. Managers should concentrate their
efforts, within their area of responsibility. on those key
nabitats, research programs, and protection/enhancement activities
that will achieve the greatest benefit to mussel conservation.
Those few stream reaches that stiil harbor diverse mussel
populations should be protected from further habitat degradation to
the extent possibie. It is much more cost-effective to protect
existing quality habitat than to restore degraded habitat.

2.1.1 Identify and inform potential partners of important mussel
sites and develop cooperative agreements to conserve and
recover mussel comunities. It 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 biota,
and how ecosystem recovery will benefit other user groups.

2.1.2 Utilize existing Federal, state, and Tocal Taws and
regulations to protect mussel resources. There are many
environmental laws and reguiaticns that, if fully
impiemented, 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, and 5.3 to help ensure that mussel populations receive
the full protection provided under existing laws.

2.1.3 FEncourage Federal, state, and local government entities to
use their authority to review their activities for actions
and alternatives that protect and recover key mussel
habitats and communities. Many agencies, although not
bhound by law, have modified their projects and programs and
aven initiated distinct programs that benefit aguatic
resources, inciuding mussels. These agencies should be
recognized for their efforts and encouraged to continue
this work. Some agencies have specific programs and
funding targeted for use on projects to protect and recover
aguatic resources.



2.1.4 Encourage industry to review their activities for actions

2.1.5

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 subject to their activities: and assist them with
improving their stewardship efforts, which will benefit
both them and the downstream riverine habitat.

Encourage local landowners to review their activities and,

2.1.6

when feasible, provide financial (e.q., Service "Partners
for Wildlife" funds) or other incentives for them to
protect and recover key mussel habitats and communities.
Many environmentally conscious landowners implement habitat
protection and enhancement programs on their Jand. Other
landowners might be willing to conserve habitat if they had
the necessary infermation or were provided with incentives.
Investigate and implement new and innovative approaches to
encourage landowners to protect aquatic rescurces. Develop
a means to recognize the efforts of cooperating landowners.

Encourage conservation organizations, universities.
schools, civic groups, and other organizations to assist in
the protection and recovery of key mussel habitats.
Substantial support and assistance for restoration efforts
is available from many environmental groups and other
organizaticns. Their support should be encouraged and
formally recognized.

2.2 Develop a list of case studies that identify and summarize
successtul habitat restoration and protection projects and make the
information available to the mussel conservation community.

Several habitat restoration projects are underway to protect
significant 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 3:

The basic life history, repreductive biclogy. ecology.
and habitat requirements of most mussels are unknown.

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 studies on life histories, population dynamics, and
environmental requirements to obtain information necessary to
effectively manage mussels. Unlike many other animal species,
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1ittle is known about the basic biology and habitat requirements of
most mussei species. The iack of basic knowledge hampers
conservation efforts. The following list identifies some specific
research needs.

3.1.1 Fish host identification.

3.1.1.1 Determine the specific fish hosts for musse]
species in need of management.

3.1.1.2 Determine the host fishes’ biological needs and
their popuiation sizes necessary to support mussel

reproduction and popalation viability.

3.1.1.3 Determine the extent and mechanism of the immune
response of host fish to glochidia.

3.1.2 Mussel reproductive biology.

3.1.2.1 Determine age and size at earliest maturity. peak
reproductive years, fecundity, and reproductive
longevity.

3.1.2.2 Determine 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.q., substrate, flow,
temperature, dissolved oxygen, hardness, and pH)
for adults and juveniles.

3.1.4 Mussel population dynamics.

3.1.4.1 Conduct studies to determine the impacts of
diseases, parasites, and predation on mussels and
how these factors affect mussel population
demographics .

3.1.4.2 Determine minimum viable population size and age
class structure needed to maintain a long-term
viable popuiation. -

3.1.4.3 Determine the demographics of representative
mussel populations and the extent of natural
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variations in recruitment: attempt to define 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
distributienal data are not readily available,

GOAL:

Increase knowledge of the status and trends of native mussel
populations so that resource managers and administrators can
petter determine the species and populations most at risk and

ﬁhich populations could be managed for sustained commercial
arvest.

STRATEGIES

4.1

4.2

4.3

4.4

Increase sampling effort to determine location. density, species
composition, and 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 regime to be developed under
Strategy 1.1.6.1 is encouraged.

Gather historic mussel 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 available. This historic
information is critical to understanding the current status of many
mussel populations. The information also may be useful for
identifying potential reintroduction sites and Tocating unknown
populations.

Gather information on the occurrence and abundance of commercially
valuable mussel stocks. Some mussel populations, if properly
managed, can provide a sustainable commercial harvest with Tittle
or no impact on sensitive mussel species. Populations that could
sustain a managed commercial harvest should be identified and
evaiuated. Information gathered under Strategy 3.1.4.4 should be
uysed to develop harvest management guidelines.

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 popuiations and should include absence
data.
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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 &
distribution map for all North American freshwater fishes and
includes information on the species’ habitat and biology. The fish
atlas has been & valuable tool for fisheries managers and
biologists; a similar atlas on native mussels would benefit mussel
conservation efforts.

4.6 Develop and implement molecular genetics techniques to identify
mussel species. Historically, musséls have been described
primarily on the basis of shell characteristics. This methed has

““been very reliable. and there is Tittle 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
beiieved to be widespread may be unknowingly Tumped with species
that are rare and in need of protection. Molecular genetic
research in conjunction with shell morphology analysis is needed to
clarify the taxonomy of these complexes of mussel species.

PROBLEM 5: Habitat alterations, water quality degracation. and other
anthropogenic factors continue to negatively affect
mussels, but poor documentation exists as to how and at
what levels such perturbations are reatized.

GOAL: Determine how various perturbations impact mussels and their
habitat, and provide managers with the information needed to
minimize or eliminate threats and protect quality mussel! habitat.

STRATEGIES

5.1 Determine how and to what extent various habitat alterations affect
mussel species and populations. The impacts to mussels from
habitat alterations. such as the impounding and dredging of mussel
heds, are fairly well understood. However, the 1inks 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 1ist is not
intended to include all of the potential mussel perturbation agents
that need research): (1) increased siltation; (2) pesticides,
herbicides, and fungicides; (3) stream-flow modifications;

(4) wastewater discharge of various pellutants; and

(5) modifications in water temperature, dissolved oxygen levels,
and pH. A better understanding of how environmental factors affect
mussels will enable resource agencies to better manage and conserve
mussel communities.

12



5.2 Determine if current water quality criteria protect all life stages
of freshwater mussels. Biocassays should be conducted to evaluate
the sensitivity of all 1ife stages of mussels relative to the
sensitivities of standard bicassay organisms.

5.3 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 benefited aquatic rescurces. Research is
needed to determine if these practices adequately protect musse]
popuiations and how they might be modified to be more effective.

Information is also needed about the degree of voluntary compliance
with BMPs.

5.4 Determine if current laws and regulations protect freshwater
mussels. Many existing laws and regulations are aimed at
protecting aquatic resources. However, information is needed to
determine if they provide sufficient protection for rare mussels.,

5.5 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 iiterature may reveal the reasons for a river’s present
lack of mussels. If the original cause of the Toss has been
eliminated or minimized, mussel reintroduction may be feasible.

PROBLEM 6:  The invasion of zebra mussels poses a new and significant
~threat to 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

Note: Any new zebra mussel initiatives should be coordinated
with other organizations (e.q., Sea Grant) that are
already significantly involved with this species.

6.1 Develop predictive models on the spread of zebra mussels and their
Tikely impact on native mussels. [ebra mussels have devastated
native mussel populations in the Great Lakes, and they have now
invaded inland rivers where they will affect {important commercial
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.
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0.2

6.3

Track the spread of zebra mussels and develop and maintain a GIS
system to monitor their spread relative to the Tocation 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, Fiorida,
currently tracks the spread of zebra mussels. Thelr 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

6.4

6.5

6.6

6.7

species should be brought into captivily or rejocated when 1t-7s
determined they are at risk from zebra mussels (see Strategy 9.5).
7ebra mussels have decimated native mussel populations in the Great
Lakes, and this nonindigenous species is now infesting native
musse] beds in the Inland 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 individuais of a
species should be brought into captivity or relocated when it 1s
determined they are at risk from zebra mussels. Information aiso
w111 be needed on the relationship between zebra mussei 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.

Move native mussel species at risk into 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 to native
mussels from zebra mussel infestations will occur in large rivers
and in rivers with upstream reservoirs. Urgent consideration
should be given to immediately moving species at risk of extinction
into suitable refugia.

Develop protocols to ensure that zebra mussels are not
inadvertently introduced into new waters when native mussels are
relocated. Because of the dire threat posed by zebra mussels. some
mussel species will be moved into hatchery facilities or to
Tocations where zebra mussels 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 Tikely vector into
smaller rivers and lakes. Definitive information on the zebra
mussel’s mode of transport could be useful in developing contro!
procedures.

Investigate the feasibility of controlling the spread of zebra
mussels through technological means. Research on the physicai,
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chemical, and biological control of zebra mussels is urgently
needed. Bijological control of zebra 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
Jjeopardize native musseis.

6.8 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 ecological 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 7). If the spreacd of zebra mussels can be slowed,
increased opportunities will be available to develop native mussel
protection options.

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, and private programs that protect and
enhance natural stream ecosystems for the penefit of freshwater
mussels and other aguatic resources.

STRATEGIES

Note: Outreach is critical to the success of this National
Strategy, and it i1s especially important to the
successtul implementation of strategies listed under
Problems 2 and 10.

7.1 Identify target audiences., evaluate the need for outreach material
for these audiences, develop appropriate media to strategically
convey focused mussel conservation messages to specific audiences.
Identify target groups that can assist 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
ecosystems. The future of our nation’'s freshwater mussel
fauna and associated biota will depend on the degree of
pubiic support for aguatic ecosystem protection and
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/.1.2

7.1.3

7.1.4

recovery programs. However, the public generally places
Tittle value on aguatic species (with the exception of some
game species). Many pecple perceive the conservation of
mussels and other invertebrates as unnecessary and wasteful
of government funds. The public should be provided
information on the faollowing: (1) the plight of freshwater
mussels: (2) their aesthetic, commercial, scientific, and
ecological value; (3} the benefits other agquatic resources
derive from maintaining mussels as a component of natural
stream ecosystems; and (4) what they can do to help in this
recovery effort. With this information., the public will be
better informed when judging the benefits and costs of

preserving mussel resources: '

Develop and implement an educational program that increases
government agency awareness of the plight of mussels and
the benefits of maintaining heallthy, intact aquatic
ecosystems. The support of natural resources agencies and
other agencies with programs that impact aguatic resources
is critical to a successful mussel conservation effort. In
order for administrators and other emplcyees of these
agencies to consider mussels within their program, they
must be provided information as to the value of maintaining
the biological 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,
[zaak Walton League. Science Educators of America, American
Rivers, Association of Southeastern Biclogists. and various
universities) actively support aquatic resources
conservation. These organizations should be (1) kept
informed of this conservation initiative:; (2) provided with
educational materials related to the goals, strategies, and
orogress of this effort; and (3) encouraged to join in this
conservaticn program.

Develop and implement an educational program that increases
awareness within the commercial mussel shell industry and
among pear] producers about the plight of mussels and the
benefits of working jointly to maintain healthy. intact
aquatic ecosystems. The commercial mussel industry and
oearl producers view the vailue 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
henefits obtained from sustairable native mussel resources.
Cooperative efforts should be pursued that benefit the
industry and the mussel resource managers’ ability to
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conserve musse! 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 significant benefits can be derived by
working together on common issues. The industry can assist
researchers and managers by providing field expertise,
assistance, and historical knowledge, 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 vaiuable

species, provide technical assistance on mussel propagation
and holding technology, and set and enforce size and
narvest regulations that ensure a sustainable mussel
arvest.

/.2 Identify and develop specific educational/informational material
and mechanisms to assist field biologists 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 distribution 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). In addition,
the following strategies should also be implemented:

7.2.1

7.2.2

Develop a mussel key. The only available comprehensive
mussel key was produced 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 photcgraphs,
would help increase the identification abilities of new
mussel workers.

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
consegvation effort, training sessions and seminars will be
useful.
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PROBLEM 8:  The survival and recovery of many mussel species will
require the development of artificial propagation and
juvenite mussel reintroduction techniques. but these
methods have not been perfected.

GOAL: Have the technology necessary to propagate and reintroduce
juvenile mussels on a large scale.

STRATEGIES

8.1 Develop glochidia transformation technology for native mussels.

primary purposes: (1) to augment populations when population size
of a rare species is too small, young, or old to support
reproduction; (2) to establish new popuiations when the
transiocation of adults is not possible; (3) to maintain a captive
population when the species’ natural habitat is deemed unsuitadble;
and (4) for bioassay research. Once develcped, 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 medium. Juvenile mussels
have been propagated using artificial media. However,
results have not been consistent with ail species.
Additional research is needed to improve the formulation
and success of artificial media.

§.1.2 Perfect artificial culture using host fish. The use of
fish hosts for glochidia transformation has been developed
and is used by many researchers. However, because of fish
host specificity and the need to maintain large numbers of
a variety of fish species, this method is labor intensive.
Suppression of host fish immunity, identification of
alternative host species, and the use of nonindigenous fish
should be evaluated.

8.1.3 Determine the feasibility of propagating and rearing
Jjuvenile mussels in hatchery raceways. Other propagation
techniques currently under development inciude:

(1) artificially infesting fish with glochidia and
releasing the fish into a hatchery raceway and (2) holding
gravid adult mussels in a raceway with their fish hosts and
atlowing 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 encugh for
stocking. If successful, these methods would regquire less
manpower than other artificial propagation techniques that
are under development.

§.2 Develop diets for artificially propagated juvenile mussels. Once
juvenile mussels are produced, they must be fed and reared to a
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8.3

size suitable for release. The technology to feed juvenile mussels
is not fuily developed, and it has been tested on only a few
species. The food and feeding regimes must also be adapted to
large-scale operations in order to make propagaticn a feasible
management tool.

Determine the viability of artificially propagated juveniles. The
survival and growth of medium-produced and artificially reared
Juvenites should be compared to these of naturally produced
Juveniles to evaluate their suitabjlity for release in restoration
and recovery programs.

8.4

8.5

8.6

8.7

8.8

Conduct a comprehensive review of foreign and related literature
that could have application in mussel propagation research. As
Asian countries have a wealth of experience in freshwater mussel
culture, their literature should be transiated so techniques can be
tested and implemented here,

Conduct a review of mussel culture activities outside the United

States (e.q., China, Japan. Australia, and Indonesia) and organize

an international symposium on artificial propagation. Foreign

researchers are working on propagation technology. An

international symposium on the subject would bring these various

greups together to share research results and explore new research
irections.

Identify criteria for selecting Federal, state. and private
hatchery facilities that could be used for large-scale mussel
propagation. Aithough propagation technology is not fully
developed. existing hatchery facilities will eventually be needed
to preduce juveniles for reintroduction. If the facility managers
know that they might be reguested to propagate mussels, they could
consider these criteria when planning modifications at their
faciiity. (Appendix III contains draft criteria modified from the
Service's facility criteria.)

Determine the risks associated with mussels, their fish hosts, and
associated diseases escaping from the facility into nonhistoric
habitat. Whenever species are moved into areas ocutside their
nistoric range there is always a risk that they will escape and
become established. If mussels and their associated fish hosts are
to be propagated and held outside their historic range, an
assessment shouid be made of the risk of escape and potential
CONSequUences.

Develop the technology to reintroduce juvenile mussels into
historic habitat. The reintroduction/relocation of adult mussels
has met with limited success, and the feasibility for releasing
juveniie mussels intoc the wild has not been tested. Additional
research on such factors as habitat suitability, size and number of
Juveniies to release, method of release, and time of release are
neecded.
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PROBLEM 9:  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 Dy rescurce managers.

GOAL: Have the techniques necessary to hold and transiocate large
numbers of aduit mussels.

STRATEGIES

9.1 Develop protocols. to.relocate adult mussels. Aduit mussels.-are

9.2

9.3

9.4

generally relocated for two reascns: (1) fo remove them from an
area when a development project or other factors threaten their
survival and (2) to release them back into restored historic
nabitat. Although adult mussels have been reilocated, these efforts
nave met with varied success. However, this tool is essential to
mussel conservation. For example, zebra mussels are currently
threatening rare mussels in the Ohio and Mississippi River systems
(see Problem 6). To save some of these native species. it will be
necessary to move some rare and commercially valuable species to
areas that will not be threatened by the zebra mussel (see
Strategies 6.3 and 6.4). Also, adult mussels can be reiocated in
order to reestablish extirpated populations when sufficient
specimens are availabie in a donor population.

Develop criteria for mussel relocation. Develop a checklist of the
physical, chemical, and biological parameters (e.g., habitat type,
pH, oxygen requirement, and number of individuals needed for a
self-sustaining population) that should be considered before
attempting the translocation or holding of species in refugia.

This guidance should address moving species between watersheds and
introductions into nonhistoric habitat. The guidance shouid also
stress the need to monitor and fully report project results.

Develop mechanisms (e.qg., radio tagging) for the long-term
monitoring of transplanted mussels. Once released into the wild,
individuai mussel specimens are difficult to relocate; this factor
complicates the assessment of release success. Research was
conducted in the early 1980s on the feasibiiity of tagging mussels
with magnets and radio tags. However, this research did not
provide any reliable technology. As radic 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 or so threatened by habitat destruction or
other factors that they are likely to become extinct in the wild in
the foreseeable future. As musseis are Tong-lived, it may be
possible to maintain some species in captivity for extended
periods. When habitat is restored or suitable habitat is located,
these individuals or their propagated offspring could be returned
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9.5

9.6

9.7

9.8

9.9

to the wild. However, the technology for the long-term maintenance
of captive mussel populations is not fully developed. Research is
especially needed on the feeding and habitat requirements of
captive-held adults.

Develop guidelines 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
it should be brought into captivity or relocated to a more secure
tocation (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. 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
hoid mussels, they could consider these criteria when planning
modifications to their facilities. Secure appropriate commitments
from agencies or organizations for facility space in areas where
there is an imminent need for captive holding (see Strategy 8.6),

Determine risks associated with species escaping fram the facility
into nonhistoric habitat. (See narrative under Strategy 8.7.)

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 be assessed.

Develop mussel cryopreservation technology. Cryogenic preservation
coutd maintain mussel genetic material (much 1ike seed banks for
endangered plants) until such time that the habitat is suitable for
reestablisning the species. Additionally, if a mussel population
were 1ost to a catastrophic event, such as a toxic chemical spill.
cryogenic preservation could allow for the eventual reestablishment
of that population using preserved genetic material. As
cryopreservation techniques for other faunal groups are developed,
the technology should be adapted and tested on native mussels.
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PROBLEM 10: Current funding levels are not sufficient to address
identified information needs or to impiement this
National Strateagy.

GOAL: Increase available funding levels and develop other means to
increase mussel conservation efforts.

STRATEGIES

Note: The outreach strategies identified under Problem 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.
cooperative ventures, and funding from within and outside
government are essential to program success. Additionally. mussel
conservation will not succeed unless it 'is integrated with other
aquatic ecosystem conservation efforts. The benefits of mussel
conservation must be linked to other aquatic rescurce benefits.

10.1.1 Seek funding assistance from fFederal and state agencies
that have direct involvement with aquatic resources
management. Many natural resources agencies. such as the
Service, NBS, USGS, Corps, TVA, EPA, USFS, NPS, and state
natural resources agencies, are already funding projects
directly related to mussel conservation. Develop specific
proposals and solicit their help in the censervation
effort. These agencies should be encouraged to examine
their existing authorities to determine how they could
expand into mussel conservation.

10.1.2 Seek funding for mussel conservation from agencies or
organizations that have activities which impact mussel
comunities. Many regulatory agencies oversee programs
that secondarily benefit mussels: they might be wiiling to
strengthen their programs to improve the protecticon 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 fees, 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 Federal tax on
domestic shell exports or the foreign import of
mussel-derived products shouid be considered.
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10.1.4 Seek funding assistance from nongovernment agencies and
organizations. businesses, and foundations. Many
organizations fund conservation projects or provide in-kind
support. If cone organization provides funding, other
organizations are often more willing to match the original
funds. Solicit the support of such organizaticns and build
cooperative efforts among these groups.
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APPENDIX I

Participants at the April 1995, Mussel Meeting in Roanoke, Virginia,
and Steering Committee Members

Meeting Participants:

Tennessee Shell Company U.S. Fish and Wildlife Service
Ms. Peggy Baker* - Ms. Pam Thiel*
Mr. Richard Biggins*
—Ohio-Division-of-Witdlife Mg Dabbi e M gnogno*
Dr. Tom Watters Ms. Susi von Oettingen
Ms. Linda Drees*
Wisconsin Department of Naturai Ms. Cindy Dohner#*
Resources Mr. Dave Harrelson*
Mr. Kurt Welke* Ms. Kari Duncan*
Mr. Jerry Landy
Michigan State University Mr. John Thoeson
Dr. Ed Mahoney Mr. Dave Tilton
Mr. Lergy Koch
U.S. Army Corps of Engineers Mr. Andy Moser
Or. Barry Payne Ms. Janice Rowan*

Tennessee Valley Authority
Dr. John Jenkinson®

National Biological Service
Dr. James Williams
Dr. Rita Villella
Dr. James lLayzer*
Or. Richard Neves*

*Members of the Steering Committee who attended the April 1895 meeting.

The following are also members of the Steering Committee, but they were
not present at the April 1995 meeting in Roancke, Virginia:

Missouri Department of Conservation American Shell
Mr. Alan C. Buchanan Mr. James Peach
U.S. Shell

Mr. Lonnie Garner
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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 1s related to priorities for geographical distribution and
species diversity and considers the degree of threat.

Ject-addresses-both-the-status-and-trends-of the mussel populations.

Project focuses on the aquatic system within the watershed (USGS
quadrants).

Project fulfills the objectives of existing management or recovery
plans.

The project 1s feasible and achievable (i.e., cost-effective: uses the
best choice of methads).

Project does not unnecessarily duplicate existing studies.

Project provides a short-term solution until a long-term plan is
deveioped.

Project has a menitering component.

Projects that prevent extinction are of a higher priority than projects
that maintain existing popuiations. and maintenance projects are of a
higher priority than recovery projects.

A1T other options have been explored (e.g., habitat restoration or
translocation).

Applicability of research to 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. Fish 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 the goals of the ecosystem plan.

The water quality and supply-must-be-knowr-and-must -be-compatible with
species to be held.

Facilities should ONLY work with mussels from fhe same basin or
watershed. Mussels will only be allowed to be cultured or held outside
of their native basin or watershed under a special permit or in cases
of emergency (i.e.. the threat of extinction) and with approval from
state natural resources agencies and the support of the conservation
community.

Facilities must have a water source free of zebra mussels.
Facilities must have a wet lab or have ready access to one.

[T the facility staff DCES NOT have the technical expertise required,
the facility's project leader must procure the necessary fraining or
secure the necessary expertise through cooperative arrangements with
appropriate experts.

Facilities must have an available and suitable food source. If 3
natural source is not available, a facility must have the space and
expertise needed to produce food.

Projects should be cooperative ventures involving Federal, state. 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 Federal and state permit requirements.

The introduction of mussels intc a facility should not significantly
affect the existing fish production program.

A contingency pian 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 objectives (e.g . refugia. propagation,
and research), If criteria are nol applicable to the project. compliance is not necessary.
If this 1s the case, Justification for not complying must accompany a proposal. For

example, the need for raceways or ponds is dependent on the species and project.

26






