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EXECUTIVE SUMMARY

There are many carps native to Asia, including seven that have been introduced to the United
States. For the purposes of this document the term “Asian carps” refers to four species: black
carp (Mylopharyngodon piceus), bighead carp (Hypophthalmichthys nobilis), grass carp
(Ctenopharyngodon idella), and silver carp (H. molitrix). Feral bighead, grass, and silver carps
have all established reproducing populations in several major rivers of the United States. To
date, there have been at least 14 confirmed collections of adult black carp by commercial
fishers in the United States and unconfirmed reports of adult black carp captured annually in the
Mississippi River and its tributaries over the past 13 years (Nico 2007; Nico et al. 2005). There
have been no collections of black carp eggs and larvae or observations of spawning (Nico et al.
2005).

The U.S. Fish and Wildlife Service (USFWS) requested and co-funded the completion of risk
assessments by the U.S. Geological Survey (USGS) that analyzed the probability and
consequences of a species becoming established in the United States. Using risk assessment
methods described by the Risk Assessment and Management Committee (1996), the USGS
concluded that the organism risk potentials for bighead, black, and silver carps are all high (i.e.,
an unacceptable risk; Kolar et al. 2007; Nico et al. 2005). A national risk assessment for grass
carp has not been completed and state-level risk assessments may still be needed where grass
carp have not been reported or where the species has not become established.

The life history traits of Asian carps (e.g., reproductive capability, population densities, feeding
habits, broad climate tolerance, mobility, and longevity) indicate that these four species have a
high probability of causing ecological and economic effects where populations become
established (Mandrak and Cudmore 2004; Kolar et al. 2007; Nico et al. 2005). In some
locations of the Mississippi River Basin, such effects have occurred. Natural resources
managers are concerned that Asian carps have the potential to cause extensive and irreversible
changes to the aquatic environment, particularly those that have been extensively altered and
are severely impacted by on-going physical and chemical stressors, thereby jeopardizing the
long-term sustainability of native aquatic species, particularly to imperiled, threatened, and
endangered species. The USFWS added all forms of live silver carp to the list of injurious
wildlife under the Lacey Act, prohibiting their importation and interstate transport (except by
permit), effective August 9, 2007. The USFWS has also been petitioned to add bighead and
black carp as injurious wildlife under the Lacey Act and is evaluating these species to make
determination recommendations. Confounding this situation is the fact that the bighead carp
has been cultured and sold as a live food fish product since the early 1980s, grass carp have
been stocked nationally by public and private entities since the mid 1970s as a biological control
for aquatic weeds (grass carp are also cultured and sold as a live food fish product), and the
black carp has been used since the early 1990s as a biological control for snail-borne parasites
in commercial aquaculture production ponds.

The USFWS recognized the complexity of the situation and that the potential magnitude of the
problems were such that all stakeholders (i.e., private and public sector fisheries professionals,
aguaculturists, aquatic ecologists, and the public) must be involved in the development of an
appropriate management plan. With this kind of collaborative effort in mind, the USFWS and
the Aquatic Nuisance Species Task Force organized an Asian Carp Working Group (Working
Group) to develop a comprehensive national Asian carp management and control plan. This
document represents the culmination of that effort.



The Working Group agreed that the desired endpoint of the plan is the extirpation of Asian carps
in the wild, except for non-reproducing grass carp within planned locations [i.e., areas where
nuisance aquatic vegetation can be controlled using planned introductions of sterile (triploid) fish
contained within a designated area]. The Working Group was charged with developing a plan
that first and foremost protects our Nation’s natural resources. The Working Group was also
charged with developing solutions that would allow for a viable aquaculture industry when
implemented. The Working Group agreed that identifying viable alternatives to black carp for
shail control in aquaculture ponds is the highest research priority. Therefore, a framework for
the responsible use of domestic stocks of Asian carps is described throughout this plan. Itisin
this context that the Working Group developed strategies and recommendations that address
seven goals to protect the Nation’s natural resources. This collaborative process was highly
successful and nearly all issues were resolved. The Working Group developed 48 strategies
and 131 recommendations to manage and control Asian carps (Table I, page ix).

Three issues were not resolved within the Working Group. In-depth discussions for these three
unresolved issues are presented in Appendix 6.3 ‘Use of triploid black carp on aquaculture
facilities’, Appendix 6.4 ‘Use of grass carp on aquaculture facilities and farm ponds in
watersheds with self-sustaining populations of grass carp’, and Appendix 6.5 ‘Commercial,
domestic transport of live farm-raised bighead and grass carps.” Each appendix includes a
synopsis of potential alternatives for the respective issues to highlight the principle ideas that
have been discussed during the development of this plan. The potential alternatives are
provided for consideration by natural resource management policy and decision makers,
especially at the state level, where it is expected that most actions to address these issues will
be made.

Implementation of the plan should begin immediately to prevent further introduction and to stop
the spread of Asian carps into uninvaded waters throughout the United States. There is much
to learn regarding management and control of Asian carps and new information should be
readily assimilated into the management framework so that strategies and recommendations
can be refined as plan implementation proceeds. Estimated cost for implementation over a 20
year period is approximately $286 million. The amount of resources (e.g., staff, equipment,
expertise, and funds) made available for plan implementation and how they are effectively
integrated and efficiently used will largely determine the success of management and control
efforts for Asian carps.

Goal 1: Prevent accidental and deliberate unauthorized introductions of bighead, black,
grass, and silver carps in the United States. Active control measures are needed to prevent
introductions or range extensions; however, consideration must be given to the risks and
costs/benefits to determine when actions are warranted. Strategies to manage 22 pathways for
accidental or deliberate unauthorized introductions of Asian carps are presented within this plan.
Working Group recommendations that address these potential pathways differ depending upon
whether a particular species is absent, present without evidence of a reproducing population, or
self-sustaining in the wild. Additional factors were considered for species in commercial trade
(e.g. intended use).

Goal 2: Contain and control the expansion of feral populations of bighead, black, grass,
and silver carps in the United States. A long term, cooperative national effort between
federal, state, tribal and private stakeholders is required to contain existing populations and
prevent their spread. Such an effort will require a dedication of resources and manpower akin
to those established for wildfire management and suppression or sea lamprey (Petromyzon
marinus) control in the Great Lakes. Monitoring programs are paramount in the timely detection
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and effective utilization of Rapid Response Plans to prevent range expansions and eradicate
new introductions. Due consideration should be given to the effects of containment actions on
the long-term ecological sustainability of native aquatic resources.

Goal 3: Extirpate, or reduce to levels of insignificant effect, feral populations of bighead,
black, grass, and silver carps in the United States. Nine potential strategies to eradicate or
reduce and maintain Asian carps at levels of insignificant effect were identified, however
research is needed to develop and/or assess each. To increase effectiveness, multiple control
strategies should be woven into an integrated management framework similar to the approach
employed in the Great Lakes Sea Lamprey Control Program. Potential strategies for population
reduction include: 1) enhancing commercial harvest through education, market research, gear
development, and possibly financial incentives; 2) increasing recreational harvest; 3) physical
removal by natural resources management agencies; 4)biological controls (e.g., diseases,
parasites, or predators); 5) release of sterile Asian carps to reduce the reproductive success
and size of a target population; 6) release of transgenic Asian carps (including “Daughterless
Carp” and Trojan technologies) developed to reduce the size of a target population via spread of
a deleterious gene; 7) application of pheromones to enhance harvest or interfere with
reproduction, recruitment, or other behaviors; 8) habitat or hydrologic modification to favor
native fishes over Asian carps or to facilitate harvest of Asian carps; and 9) use of piscicides.

Goal 4: Minimize potential adverse effects of feral bighead, black, grass, and silver carps
in the United States. The potential adverse effects of Asian carps are poorly understood,
however reducing the abundance of feral populations is likely to benefit native species and
systems. Once effects of feral Asian carps are accurately determined, it may be possible to
further minimize their undesirable effects by direct remediation of the effect. It should be
recognized that such efforts treat the symptoms of the problem rather than removing the
causative agent. Nevertheless such strategies may be advisable if populations of key or
threatened species are affected. In addition to mitigative actions that enhance native
populations and their habitats, education of boaters and other recreationists is needed to
minimize effects of silver carp.

Goal 5: Provide information to the public, commercial entities, and government
agencies to improve effective management and control of bighead, black, grass, and
silver carps in the United States. An effective, nationally coordinated educational initiative
is needed to: 1) identify specific needs for information and education; 2) identify the most
effective approaches to reach and affect each group; 3) gather and validate the credibility of
materials; 4) become both partners and leaders in planning, implementing, and evaluating
education initiatives; and 5) identify gaps in knowledge or needs that can be addressed by
applied or adaptive research. For greatest effectiveness, each component of an educational
program should be developed in a stakeholder participatory process, monitored, evaluated, and
adaptively managed.

Goal 6: Conduct research to provide accurate and scientifically valid information
necessary for the effective management and control of bighead, black, grass, and silver
carps in the United States. A fundamental understanding of Asian carp biology and life history
requirements underpins nearly all other areas of potential research to manage and control these
species. Concurrent development of effective sampling gears and physical, chemical, or
biological controls are required to reliably determine the relative abundance of Asian carp
species and the potential for population reductions or eradication. The ecological and economic
effects of past and potential introductions of Asian carps need to be verified and quantified to
inform managers, stakeholders, and the general public of the importance in preventing further
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introductions. Research is needed to identify and evaluate economically and ecologically safe
alternatives to Asian carps. Identifying viable alternatives to black carp for snail control in
aguaculture ponds is the highest research priority identified by the Working Group. Research is
also needed to find ways to ensure that any future use of Asian carps is low risk (i.e., low
likelihood of escape and low consequence of escape).

Goal 7: Effectively plan, implement, and evaluate management and control efforts for
bighead, black, grass, and silver carps in the United States. Bighead, grass, and silver
carps have established feral populations over a wide geographic range in the United States;
therefore, a nationally coordinated approach is needed to successfully implement an effective
integrated management plan. Implementation of an effective plan to address such a complex
issue over such a wide geographic area will require a sophisticated management structure and
significant funding. Efficient use of this funding will require that recommendations be
strategically prioritized and properly sequenced. Formal institutional arrangements, including a
process for conflict resolution, will also be required between partners to facilitate plan
implementation.
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Table I. Summary of all Strategies and Recommendations, by Goal, developed by the Working

Group for managing and controlling Asian carps in the United States.

Goal 1: Prevent accidental and deliberate unauthorized introductions of bighead, black,

grass, and silver carps in the United States.

Strategies and Recommendations

Species

Strategy 3.1.1. Take actions to prevent the collection, transport, release,
and improper disposal of Asian carps that may be intermixed with live wild-
harvested baitfish.

3.1.1.1. Assist states to develop, promulgate, and enforce regulations that manage
the harvest, transport, import, trade, and release of live wild-harvested aquatic bait.

Bighead, Black,
Grass, Silver

3.1.1.2. Explore the use of baitfish grown in monoculture, and certified to be disease-
free and uncontaminated by other aquatic species.

Bighead, Black,
Grass, Silver

3.1.1.3. Develop and provide information to commercial and recreational baitfish
harvesters that will help prevent accidental and deliberate unauthorized introductions
of Asian carps.

Bighead, Black,
Grass, Silver

Strategy 3.1.2. Take actions to prevent the stocking of diploid Asian carps
into non-aquaculture waters for biological control.

3.1.2.1. Encourage states to develop regulations that prohibit the stocking of any
diploid Asian carps into nhon-aquaculture waters for biological control.

Bighead, Black,
Grass, Silver

3.1.2.2. Remove or contain diploid Asian carps that have been previously stocked into

Bighead, Black,

non-aquaculture waters for biological control. Grass, Silver
Strategy 3.1.3. Take actions to prevent illegal sale, shipping, and stocking
of diploid grass carp as triploid grass carp.
3.1.3.1. Encourage states that allow the legal importation of grass carp to adopt Grass
consistent, uniform regulations that allow only certified triploid grass carp to be
shipped or stocked.
3.1.3.2. Encourage states to conduct routine and random inspections of all live grass Grass
carp shipments within the state.
3.1.3.3. Encourage the USFWS to provide ploidy determination for states conducting Grass

inspections of grass carp shipments.

Strategy 3.1.4. Take actions to prevent the shipment of live black carp in
grass carp shipments.

Strategy 3.1.5. Take actions to address stocking triploid Asian carps into
non-aquaculture waters for biological control.

3.1.5.1. Encourage states to prohibit stocking triploid bighead, black, and silver carps
for biological control in non-aquaculture waters.

Bighead, Black,
Silver

3.1.5.2. Encourage states to allow stocking triploid grass carp for biological control in
non-aquaculture waters only within watersheds where grass carp are already present
in the wild.

Grass




Table I. Continued.

Strategies and Recommendations

Species

3.1.5.3. Remove or contain triploid Asian carps that have been previously stocked in
non-aquaculture waters within watersheds where the fish are not currently self-
sustaining in the wild.

Bighead, Grass
Silver

Strategy 3.1.6. Take actions to ensure that stocking triploid grass carp for
biological control does not result in accidental or deliberate unauthorized
introductions of diploid grass carp.

3.1.6.1. The USFWS should seek an independent scientific review and evaluation of
the Triploid Grass Carp Inspection and Certification Program.

Grass

3.1.6.2. Develop and provide information on the USFWS Triploid Grass Carp
Inspection and Certification Program.

Grass

Strategy 3.1.7. Take actions to prevent the transport and release of Asian
carps by commercial vessels and recreational watercraft.

3.1.7.1. Investigate fully the risks associated with ballast water transfers or other
means of water transfer by commercial vessels and recreational watercraft.

Bighead, Black,
Grass, Silver

3.1.7.2. Inform boaters, barge operators, and others of the risks of moving infested
water and encourage voluntary actions to reduce this risk.

Bighead, Black,
Grass, Silver

Strategy 3.1.8. Take actions to prevent the unintentional transport, release,
or disposal of Asian carps by natural resources managers during
management activities.

3.1.8.1. Natural resources managers should employ pathway management tools,
such as Hazard Analysis and Critical Control Point planning in the review of Standard
Operating Procedures, to prevent introductions of Asian carps through natural
resources management related pathways.

Bighead, Black,
Grass, Silver

3.1.8.2. Develop and provide information to natural resources managers and field
staff that will help prevent unintentional introductions and spread of feral Asian carps.

Bighead, Black,
Grass, Silver

Strategy 3.1.9. Take actions to prevent the illegal importation and prohibit
the legal importation of live bighead, black, grass, and silver carps into the
United States.

3.1.9.1. Prohibit international importation of Asian carps under federal and state
regulations, except for research purposes under a controlled permit.

Bighead, Black,
Grass, Silver

3.1.9.2. Inform USFWS Law Enforcement Officers, other federal inspectors, and state
conservation law enforcement officers about laws that apply to the import of live Asian
carps, the importance of preventing the illegal import of Asian carps, and Asian carp
identification.

Bighead, Black,
Grass, Silver

3.1.9.3. Inform potential importers of applicable state and federal laws and associated
risks with international shipments of live Asian carps.

Bighead, Black,
Grass, Silver

3.1.9.4. Increase the numbers of trained USFWS Law Enforcement Officers and
increase physical inspections of international shipments of live fish and eggs at
designated or non-designated ports of entry.

Bighead, Black,
Grass, Silver




Table I. Continued.

Strategies and Recommendations

Species

Strategy 3.1.10. Take action to prevent the incidental inclusion of live
Asian carps in international imports with other fishes.

Strategy 3.1.11. Take actions to prevent the unintentional escape, release,
or improper disposal of Asian carps from aquaculture facilities at poorly
sited locations.

3.1.11.1. Urge the development and enforcement of state regulations that prohibit the
production and use of Asian carps at poorly sited facilities.

Bighead, Black,
Grass, Silver

3.1.11.2. Develop and provide information to Asian carp producers and growers that
will help upgrade poorly sited facilities such that they are no longer high-risk to contain
farm-raised Asian carps and prevent accidental introductions.

Bighead, Black,
Grass, Silver

Strategy 3.1.12. Develop an active research initiative to identify alternatives
to the use of Asian carps.

3.1.12.1. Form a coordinating research group that includes representatives from the
aquaculture industry, the ethnic retail grocer industry, marketing scientists and
developers, aquaculture scientists, and natural resources managers to focus research
efforts on the highest priority alternatives to the use of Asian carps.

Bighead, Black,
Grass, Silver

3.1.12.2. Develop an information module on economic and effective alternatives to
replace the use of bighead and black carps on aquaculture facilities.

Bighead, Black

Strategy 3.1.13. Take actions to prevent the incidental inclusion of Asian
carps in aquaculture shipments of other farm-raised species to non-
aquaculture waters.

3.1.13.1. Review Standard Operating Procedures and recommend Best Management
Practices that include requirements for suppliers and purchasers to conduct
inspections of fish prior to shipment and release.

Bighead, Black,
Grass

3.1.13.2. Encourage states to develop regulations that allow for random inspections
of live fish shipments into and within the state.

Bighead, Black,
Grass

3.1.13.3. Prohibit the use of surface waters containing Asian carps from being used in
aquaculture facilities unless effective treatment is in place with a monitoring program.

Bighead, Black,
Grass, Silver

Strategy 3.1.14. Reduce potential risks of continued use of Asian carps on
properly sited aquaculture facilities to the environment.

3.1.14.1. Review Standard Operating Procedures and develop Best Management

Bighead, Black,

Practices for properly sited aquaculture facilities. Grass
3.1.14.2. Encourage states to prohibit the use of grass carp on aquaculture facilities Grass
within watersheds where grass carp are not present in the wild.

3.1.14.3. Encourage states to restrict the use of grass carp to certified triploids only Grass

on aquaculture facilities within watersheds where grass carp are present but not
reproducing.
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Table I. Continued.

Strategies and Recommendations Species
3.1.14.4. Verify functional sterility of triploid bighead carp and develop a triploid Bighead
certification program for bighead carp.
3.1.14.5. Encourage states to prohibit the use of bighead carp on aquaculture Bighead
facilities within watersheds where bighead carp are not self-sustaining in the wild.
3.1.14.6. Encourage states to restrict the use of bighead carp on aquaculture facilities Bighead
within watersheds with self-sustaining populations to certified triploids only.
3.1.14.7. Encourage states to prohibit the use and production of silver carp on Silver
aquaculture facilities.
3.1.14.8. Encourage states to prohibit the use and production of diploid black carp on Black

aquaculture facilities.

Strategy 3.1.15. Take actions to prevent the live transport of wild-caught
Asian carps and potential introduction through release, improper disposal,
or escape.

3.1.15.1. Where legal for commercial or recreational fishers to possess Asian carps,
encourage states to prohibit the possession of live wild-caught Asian carps.

Bighead, Black,
Grass, Silver

3.1.15.2. Review Standard Operating Procedures and actions of commercial fishers
to identify Best Management Practices that reduce risks of live transport and
introduction.

Bighead, Black,
Grass, Silver

3.1.15.3. Develop an information module and provide materials to commercial and
recreational fishers and commercial live haulers that will help prevent accidental and
deliberate unauthorized introductions of Asian carps.

Bighead, Black,
Grass, Silver

Strategy 3.1.16. Take actions to prevent the release, escape, or improper
disposal of domestic commercial shipments of live Asian carps.

3.1.16.1. Require informational labeling of truck and invoice for shipments of Asian
carps to avoid improper handling and potential introduction of fish that may be
involved in an accident (e.g., “Nonnative fish: Unauthorized release prohibited”).

Bighead, Grass

3.1.16.2. Review Standard Operating Procedures and develop Best Management
Practices for fish haulers regarding containment and water transfer.

Bighead, Grass

3.1.16.3. Prohibit the use of water from natural water bodies for water exchange
during transport.

Bighead, Black,
Grass

3.1.16.4. Investigate improvements for containment methods on trucks carrying Asian
carps.

Bighead, Black,
Grass

3.1.16.5. Develop an information module and provide materials to commercial
transporters of live farm-raised Asian carps that will help prevent accidental and
deliberate unauthorized introductions.

Bighead, Black,
Grass, Silver

Strategy 3.1.17. Reduce the potential risk to the environment from
continued commercial, domestic transport of live farm-raised Asian carps.
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Table I. Continued.

Strategies and Recommendations

Species

Strategy 3.1.18. Take actions to prevent the accidental and deliberate
unauthorized release of Asian carps by individuals.

3.1.18.1. Encourage states to prohibit the sale, live transport, and unauthorized
release of live Asian carps for non-commercial uses.

Bighead, Black,
Grass, Silver

3.1.18.2. Encourage states that allow sales of live Asian carps for human
consumption to require retail grocers to kill the fish using prescribed humane methods,
immediately upon sale.

Bighead, Grass

3.1.18.3. Use educational campaigns such as Habitattitudery to convey messages to
the public that they should not release live Asian carps.

Bighead, Black,
Grass, Silver

3.1.18.4. Develop an information module and provide materials to producers,
growers, marketers, and foodfish consumers of live Asian carps that will help prevent
accidental and deliberate unauthorized introductions.

Bighead, Grass

3.1.18.5. Promote the national Aquatic Nuisance Species Hotline and encourage the
general public to report illegal possession or stocking of Asian carps and other activity
that could effect an introduction or rapid response.

Bighead, Black,
Grass, Silver

Strategy 3.1.19. Take actions to prevent the release, escape, or improper
disposal of Asian carps by aquarium/hobby industry importers,
wholesalers, and retailers.

3.1.19.1. Encourage states to prohibit the trade of Asian carps for aquaria and hobby
purposes.

Bighead, Black,
Grass, Silver

Strategy 3.1.20. Prevent the release, escape, or improper disposal of live
Asian carps via education facilities and projects, including schools, public
aquaria, and research facilities.

3.1.20.1. Urge states to develop and enforce regulations to reduce risks associated
with the possession and disposal of Asian carps for research and exhibition purposes.

Bighead, Grass

3.1.20.2. Develop an information module and provide materials to the academic and
research communities that will help prevent accidental and deliberate unauthorized
introductions of Asian carps.

Bighead, Black,
Grass, Silver

3.1.20.3. Encourage states to prohibit the trade of live Asian carps by commercial
biological supply companies.

Bighead, Black,
Grass, Silver

Strategy 3.1.21. Take action to prevent the transport and release of “adult-
sized” (non-baitfish) Asian carps by boaters, anglers, and bowfishers.

3.1.21.1. Develop an information module and provide materials to recreational fishers
and boaters that will help prevent accidental and deliberate unauthorized introductions
of Asian carps.

Bighead, Black,
Grass, Silver
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Table I. Continued.

Goal 2: Contain and control the expansion of feral populations of bighead, black, grass,

and silver carps in the United States.

Strategies and Recommendations

Species

Strategy 3.2.1. Develop a national strategy and guidelines for science-
based decision making concerning the need for continued and additional
containment measures.

3.2.1.1. Develop a Decision Support System to assist natural resources managers in
prioritizing specific locations for the construction, maintenance, monitoring, or removal
of barriers to carp dispersal.

Bighead, Black,
Grass, Silver

3.2.1.2. Evaluate the effectiveness afforded by alternative technical containment
measures (i.e., physical and behavioral barriers).

Bighead, Black,
Grass, Silver

3.2.1.3. Promote, support, and provide technical analysis and comment for the field
testing of novel containment methods.

Bighead, Black,
Grass, Silver

3.2.1.4. Anticipate and address consequences of specific containment actions on
native biological communities.

Bighead, Black,
Grass, Silver

Strategy 3.2.2. Take immediate actions to prevent interbasin transfers and
limit intrabasin movements of feral Asian carp populations.

3.2.2.1. Develop and implement redundant barrier systems within the Chicago
Sanitary and Ship Canal to limit the unrestricted access of Asian carps to Lake
Michigan.

Bighead, Silver

3.2.2.2. Develop and implement reasonable and effective measures that prevent the
spread of Asian carps via canals, water ways, or other water diversions between
basins.

Bighead, Black,
Grass, Silver

3.2.2.3. Construct and operate a Sound Projector Array-based acoustic bubble
curtain fish deterrent at two locks and dams on the Upper Mississippi River to prevent
the spread of Asian carps throughout the basin.

Bighead, Silver

3.2.2.4. Identify additional containment measures needed to limit intrabasin
movements of feral populations of Asian carps within the Mississippi River and other
basins where established.

Bighead, Black,
Grass, Silver

Strategy 3.2.3. Minimize the range expansion and ecological effects of feral
populations of Asian carps in conjunction with management actions to
enhance aquatic environments for the sustainability of native biological
communities.

3.2.3.1. The USFWS and other natural resources management agencies should
provide technical assistance and biological information to the USACE and participate
in collaborative planning of fish passage and habitat restoration projects.

Bighead, Black,
Grass, Silver

3.2.3.2. Require federal and state agencies to consider the potential range expansion
and ecological effects of Asian carps when designing or reviewing water control
structure projects and permits.

Bighead, Black,
Grass, Silver
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Strategies and Recommendations

Species

Strategy 3.2.4. Forecast, detect, and rapidly respond to new feral Asian
carp introductions and range expansions.

3.2.4.1. Develop an early detection Decision Support System to: 1) identify high risk
locations susceptible to introductions or range expansions of Asian carps, 2) identify
watersheds of special concern, 3) prioritize specific locations for implementing
comprehensive early detection monitoring programs.

Bighead, Black,
Grass, Silver

3.2.4.2. Adopt and/or adapt a National Incident Management System to provide for
national coordination and management of early detection and rapid response
programs.

Bighead, Black,
Grass, Silver

3.2.4.3. Develop and conduct routine early detection monitoring programs in locations
where risk of introductions or range expansions of Asian carps exists.

Bighead, Black,
Grass, Silver

3.2.4.4. Develop Rapid Response Plans that identify where rapid response actions
can effectively eradicate Asian carps and how those actions will be carried out.

Bighead, Black,
Grass, Silver

Strategy 3.2.5. Develop systems to identify the location of captive stocks
of Asian carps and for the notification of appropriate agencies in the event
of escapement.

3.2.5.1. Encourage states to identify the location of captive stocks of Asian carps and
to develop a communication network for the reporting of escapees.

Bighead, Black,
Grass, Silver

3.2.5.2. Create an information sharing system with early detection monitoring and
rapid response project managers.

Bighead, Black,
Grass, Silver

Strategy 3.2.6. Develop an information exchange network for agencies,
organizations, and partners to communicate and share “real time” data to
facilitate early detection and rapid response programs.

3.2.6.1. Develop a website and centralized databases to provide information on early
detection and rapid response programs.

Bighead, Black,
Grass, Silver

3.2.6.2. Develop a list-server to provide a forum for information exchange.

Bighead, Black,
Grass, Silver

3.2.6.3. Utilize and support the Nonindigenous Aquatic Species Information Center for
accurate and spatially referenced biogeographic information and the Nonindigenous
Aquatic Species Alert System to track expansion.

Bighead, Black,
Grass, Silver
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Goal 3: Extirpate, or reduce to levels of insignificant effect, feral populations of bighead,

black, grass, and silver carps in the United States.

Strategies and Recommendations

Species

Strategy 3.3.1. Determine life history characteristics and build population
dynamics models of Asian carps in the Mississippi River Basin.

3.3.1.1. Determine life history parameters of Asian carps in the Mississippi River
Basin.

Bighead, Black,
Grass, Silver

3.3.1.2. Create population, biomass, and recruitment models for Asian carps.

Bighead, Grass,
Silver

Strategy 3.3.2. Increase the commercial harvest of Asian carps.

3.3.2.1. Evaluate gear and harvest method effectiveness, develop new gears if
necessary, and provide information to commercial fishers.

Bighead, Silver

3.3.2.2. Increase the number of commercial fishers.

Bighead, Silver

3.3.2.3. Examine commercial fishing regulations and consider changes to increase
harvest.

Bighead, Silver

3.3.2.4. Provide financial incentives to commercial fishers to increase harvest of
Asian carps.

Bighead, Silver

3.3.2.5. Develop new markets for Asian carps.

Bighead, Grass,
Silver

3.3.2.6. Determine contaminant concentrations in edible portions of feral Asian carps.

Bighead, Grass,
Silver

Strategy 3.3.3. Increase recreational harvest of Asian carps.

3.3.3.1. Examine recreational harvest regulations to eliminate barriers to recreational
harvest of Asian carps.

Bighead, Grass,
Silver

3.3.3.2. Inform recreational fishers about Asian carp harvest and preparation
methods.

Bighead, Grass,
Silver

Strategy 3.3.4. Physical removal by natural resources management
agencies.

3.3.4.1. Biologists should physically remove Asian carps collected as a result of
management actions or research.

Bighead, Black,
Grass, Silver

Strategy 3.3.5. Consider stocking sterile Asian carp or monosex tetraploids
to inhibit reproduction and recruitment of feral fish.

3.3.5.1. Examine the potential efficacy of introduction of monosex tetraploid fish as a
control method.

Bighead, Silver

Strategy 3.3.6. Research and apply transgenic manipulations (e.g.,
“Daughterless carp” and “Trojan gene” technologies).
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Strategies and Recommendations

Species

3.3.6.1. Adapt “daughterless carp” genetic technology to Asian carps.

Bighead, Silver

Strategy 3.3.7. Develop and apply pheromone baits to control Asian carps.

3.3.7.1. Sex pheromone research should continue with the goal of production and
application of field-applicable technologies.

Bighead, Silver

3.3.7.2. Investigate aggregation pheromones for juvenile Asian carps.

Bighead, Silver

Strategy 3.3.8. Develop and apply habitat and hydrological manipulations
that favor native species over Asian carps or that might be useful in
harvest enhancement.

3.3.8.1. Provide technical assistance and biological information to the USACE and
participate in collaborative planning of habitat improvement projects (e.g., Navigation
and Ecosystem Sustainability Program, Missouri River Mitigation Project, and other
authorities).

Bighead, Silver

Strategy 3.3.9. Investigate the sensitivity of Asian carps to piscicides, and
examine the feasibility of chemical Asian carp control in specific habitats.

3.3.9.1. Determine effectiveness of registered piscicides to control Asian carps.

Bighead, Black,
Grass, Silver

3.3.9.2. Identify conditions where rotenone or antimycin could be used to control
populations of Asian carps.

Bighead, Black,
Grass, Silver

3.3.9.3. Determine potential of other chemicals to control Asian carps.

Bighead, Black,
Grass, Silver

3.3.9.4. Determine feasibility and applicability of piscicide bait deployment to control
black and grass carps.

Black, Grass

3.3.9.5. Determine registration needs, if any, for the use of piscicides to control Asian
carps, and ensure that piscicides are available for appropriate uses.

Bighead, Black,
Grass, Silver

Strategy 3.3.10. Reduce populations of Asian carps through the
introduction of biological controls such as disease agents, parasites, or
predators.

3.3.10.1. Develop information on the factors that determine the efficacy of native
predator enhancement to control Asian carps.

Bighead, Silver
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Goal 4: Minimize potential adverse effects of feral bighead, black, grass, and silver carps

in the United States.

Strategies and Recommendations

Species

Strategy 3.4.1. Enhance organisms adversely affected by Asian carps.

3.4.1.1. Monitor populations of species most likely to be affected by Asian carps.

Bighead, Black,
Grass, Silver

3.4.1.2. Restore or supplement numbers of native species through direct release (i.e.,
stocking).

Bighead, Black,
Grass, Silver

3.4.1.3. Protect or restore native species through methods other than stocking.

Bighead, Black,

Grass, Silver
Strategy 3.4.2. Minimize damage to waterway users that results from silver
carp.
3.4.2.1. Inform and train boaters to avoid damage from jumping silver carp. Silver

Goal 5: Provide information to the public, commercial entities, and government
agencies to improve effective management and control of bighead, black, grass, and

silver carps in the United States.

Strategies and Recommendations

Species

Strategy 3.5.1. Understand the specific information needs and the most
effective approaches to reach and affect desired results with each key
audience.

3.5.1.1. Engage potential key audiences in the development of a comprehensive
education and outreach program.

Bighead, Black,
Grass, Silver

Strategy 3.5.2. Prepare science-based materials based on key audience
needs that can be used to develop curricula for effective education and
outreach programs.

3.5.2.1. Develop an information module that defines and describes Asian carps,
efforts to contain and reduce feral populations, and sources from which to learn more
about these fishes.

Bighead, Black,
Grass, Silver

3.5.2.2. Develop an information module on the United States’ Asian carp industry,
size, scope, economics, and current farming practices.

Bighead, Black,
Grass, Silver

3.5.2.3. Develop an information module on potential effects of Asian carps and
reasons to contain and reduce their feral populations.

Bighead, Black,
Grass, Silver

3.5.2.4. Develop an information module on the identification of all life stages of Asian
carps.

Bighead, Black,
Grass, Silver

3.5.2.5. Develop an information module on why and how to report sightings of Asian
carps.

Bighead, Black,
Grass, Silver
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Strategies and Recommendations

Species

3.5.2.6. Develop an information module on Hazard Analysis and Critical Control Point
planning procedures.

Bighead, Black,
Grass, Silver

3.5.2.7. Develop an information module on the construction and maintenance of
effective spillway barriers to reduce the risk of escape of Asian carps from private
impoundments.

Bighead, Black,
Grass

3.5.2.8. Develop an information module to provide general information about
regulations related to Asian carps.

Bighead, Black,
Grass, Silver

Goal 6: Conduct research to provide accurate and scientifically valid information
necessary for the effective management and control of bighead, black, grass, and silver

carps in the United States.

Strategies and Recommendations

Species

Strategy 3.6.1. Develop effective sampling gears and monitoring methods
for all life stages of Asian carps in both standing and flowing water
environments.

3.6.1.1. Develop and evaluate effective methods for sampling feral populations of
Asian carps.

Bighead, Black,
Grass, Silver

Strategy 3.6.2. Assemble information about the distribution, biology, life
history, and population dynamics of bighead, black, grass, and silver
carps.

3.6.2.1. Describe current and temporal changes in distribution to better understand
the invasion and colonization process.

Bighead, Black,
Silver

3.6.2.2. Describe movements and distribution of Asian carps in waters of the United
States (e.g., habitat preference, habitat selection, and habitats used).

Bighead, Black,
Grass, Silver

3.6.2.3. Describe diets, evaluate food selection and availability, estimate food
consumption, and assess feeding interactions (i.e., predation and competition) with
native biota (trophic ecology).

Bighead, Black,
Grass, Silver

3.6.2.4. Assess ecologically important aspects of physiology and behavior such as
environmental tolerances, endocrine functions, and sensory capabilities.

Bighead, Black,
Grass, Silver

3.6.2.5. Estimate key population variables such as mortality, emigration and
immigration, growth rates, fecundity, and stock-recruitment relations for population
modeling.

Bighead, Black,
Grass, Silver

Strategy 3.6.3. Develop effective methods to contain feral Asian carp
populations and prevent their further spread.

3.6.3.1. Develop effective physical and behavioral barriers for controlling the
movement of Asian carps.

Bighead, Black,
Grass, Silver

Strategy 3.6.4. Develop an integrated management strategy to extirpate or
reduce abundances of feral Asian carps.
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Strategies and Recommendations

Species

3.6.4.1. Develop and evaluate effective attractants and repellents.

Bighead, Silver

3.6.4.2. Evaluate existing piscicides and, if necessary, develop new piscicides that
are selective for Asian carps.

Bighead, Black,
Silver

3.6.4.3. Evaluate the potential for physical removal of feral Asian carps to control their
abundance in public waters.

Bighead, Black,
Grass, Silver

Strategy 3.6.5. Determine the demonstrated and probable ecological and
economic effects of Asian carps in the United States and determine the
degree to which these effects are negative.

3.6.5.1. Assess the ecological effects of bighead, black, and silver carps on individual
aguatic species and aquatic ecosystems.

Bighead, Black,
Silver

3.6.5.2. Document the actual ecological effects of bighead, black, grass, and silver
carps.

Bighead, Black,
Silver

3.6.5.3. Conduct analyses of economic effects of feral bighead, black, and silver

Bighead, Black,

carps. Grass, Silver
Strategy 3.6.6. Develop economically viable and environmentally safe
alternatives to the uses of farm-raised Asian carps.

3.6.6.1. Evaluate ecologically safe and economically viable alternatives to black carp Black

for snail control.

3.6.6.2. Characterize ethnic markets for live fish and for fresh fish on ice. Determine
consumer preferences for various attributes including size, product form, and price.

Bighead, Black,
Grass, Silver

3.6.6.3. Evaluate the economic feasibility of growing and selling triploid bighead and
grass carps for the live and fresh-on-ice markets.

Bighead, Grass

Goal 7: Effectively plan, implement, and evaluate management and control efforts for

bighead, black, grass, and silver carps in the United States.

Strategies and Recommendations

Species

Strategy 3.7.1. Develop an implementation program that effectively
coordinates, oversees, and drives implementation efforts.

3.7.1.1. The Aguatic Nuisance Species Task Force should create a committee
composed of key partners and stakeholders with needed expertise to oversee the
implementation of this plan.

Bighead, Black,
Grass, Silver

3.7.1.2. Develop institutional arrangements that formalize the roles and
responsibilities of partner agencies and organizations in plan implementation.

Bighead, Black,
Grass, Silver

3.7.1.3. Integrate, sequence, and prioritize recommendations from among all sections
of this plan.

Bighead, Black,
Grass, Silver
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Strategies and Recommendations Species
3.7.1.4. Seek “new” funds from various sources to implement this plan. Bighead, Black,
Grass, Silver

3.7.1.5. Develop criteria and/or performance measures to evaluate the effectiveness Bighead, Black,

of management and control efforts. Grass, Silver
3.7.1.6. Develop an adaptive management framework that allows the flexibility to Bighead, Black,
readily change and adapt management strategies as knowledge is gained and Grass, Silver
techniques are refined or developed.

3.7.1.7. Develop an effective strategy for communication and coordination among Bighead, Black,
those implementing recommendations for management and control of Asian carps. Grass, Silver
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CHAPTER 1. INTRODUCTION

1.1. Background

Freshwater aquatic animals have been identified as the most threatened group of species in the
United States (Master et al. 1998). “One-third of the Nation’s freshwater fish species are
threatened or endangered, 72 percent of freshwater mussels are imperiled, and the number of
threatened and endangered species has tripled in the last 20 years” (USFWS 2002). Nonnative
species are second only to habitat loss as a leading threat to native biodiversity in the United
States (Wilcove et al. 1998). Aquatic systems are especially vulnerable, and invasions in these
ecosystems are especially difficult to contain and reverse (FAO 1996).

Unintentional aquatic species introductions can have harmful, even catastrophic, environmental
consequences (Courtenay and Stauffer 1984; Great Lakes Commission 1992; Fuller et al.
1999). Often, nonnative species cause a combination of economic, environmental, and health
threats (National Invasive Species Council 2001; Lodge et al. 2006). In the Great Lakes alone,
approximately 160 nonnative aquatic organisms have become established since the 1800s
(Ricciardi 2001). Many of these species, including sea lamprey (Petromyzon marinus) and
zebra mussels (Dreissena polymorpha), have had substantial economic and ecological effects
(Great Lakes Commission 1992).

The increased understanding and concern over nonnative species are evidenced also in the
aguaculture community. The National Aquaculture Association, an aquaculture industry trade
association, recognizes the importance of environmental issues. The Association’s web site
(http://www.nationalaquaculture.org) includes pages addressing environmental stewardship
issues related to water use, discharges from facilities, and nonnative animal introductions.
Statements recognizing the facts that introductions, either intentional or unintentional, can cause
significant harm are also included (National Aquaculture Association 2004).

The Aguatic Nuisance Species Task Force (ANS Task Force) is an intergovernmental entity
established under the Non-indigenous Aquatic Nuisance Prevention and Control Act of 1990
(Act, 16 U.S.C. 4701-4741). The ANS Task Force is co-chaired by the U.S. Fish and Wildlife
Service (USFWS) and the National Oceanic and Atmospheric Administration (NOAA) and is
responsible for coordination of national efforts to prevent the introduction and spread of aquatic
nuisance species. The ANS Task Force may develop national control programs for aquatic
nuisance species. Key challenges that require urgent action include prevention, detection,
eradication, and control, and the coordination of these efforts at all levels of government (Lodge
et al. 2006). The ANS Task Force determined that Asian carps are nuisance species that
warrant active control by natural resources management agencies. To that end, the ANS Task
Force requested that the USFWS develop a national management and control plan for Asian
carps to guide the ANS Task Force and other interested parties in managing Asian carps
already present in the United States and to prevent the introduction and spread of these fishes
to new areas.

There are many carps native to Asia, including seven that have been introduced to the United
States; however, the common usage of the term “Asian carps” in the United States has come to
include four carps. These are the grass carp (Ctenopharyngodon idella), black carp
(Mylopharyngodon piceus), bighead carp (Hypophthalmichthys nobilis), and silver carp (H.
molitrix). For the purposes of this document, the term “Asian carps” will be defined as these



four species. Summaries of each of the four species of Asian carps including overviews of
biology, introduction into the United States, present distribution and abundance, present uses,
and potential adverse effects are presented in Chapter 2. This document does not consider
common carp (Cyprinus carpio; introduced in the late 1800s) or goldfish (Carassius auratus;
introduced in the 1600s) which are carps originating in Asia®, and are established in North
America, or the crucian carp (Carassius carassius), which has been introduced but is apparently
extirpated. This document also does not consider other carps native to Asia that could be
introduced into the United States, such as the largescale silver carp (H. harmandi) and mud
carp (Cirrhinus molitorella).

Introductions of Asian carps into waters of the United States are the result of combinations of
direct stockings by or authorized by various agencies, unauthorized stockings by private
individuals, and unintentional escapes from university research facilities, federal and state
agency facilities, and private aquaculture operations. Bighead, grass, and silver carps have all
established reproducing populations in the United States. Adult black carp have been collected
in the Mississippi River Basin, however there have been no collections of eggs and larvae or
observations of spawning (Nico et al. 2005). Asian carps have the potential to disperse widely
in open systems, potentially affecting waters beyond where the original introduction occurred.
Due to the widespread distribution and migratory nature of Asian carps, coordination among the
states will be vitally important for implementing management and control strategies. State
agencies must look beyond their borders and work together to be most effective when
developing approaches and regulations to manage and control Asian carps. State-by-state
programs will be less effective with these species.

This plan focuses primarily on actions that can be taken to prevent the introduction and spread
of Asian carps. Some states prohibit or restrict the possession or use of certain species of
Asian carps (Appendix 6.1). In addition, the USFWS has been petitioned to list live bighead,
black, and silver carps as injurious wildlife under the federal Lacey Act. The USFWS added all
forms of live silver carp to the list of injurious wildlife under the Lacey Act, prohibiting their
importation and interstate transport (except by permit), effective August 9, 2007. The USFWS is
evaluating bighead and black carps to make determination recommendations for these species.
An injurious wildlife designation prohibits the importation and interstate transportation of the
species, including offspring and eggs, without a permit issued by the USFWS; permits may be
granted for bona fide scientific, medical, educational, or zoological purposes. Regulation of
intrastate use, possession, etc. is the responsibility of the States. Regardless of decisions
made at the Federal level, state coordination and cooperation will be most effective to manage
and control these interjurisdictional species. The failure of only one or two states to address the
most important management needs will likely lead to overall failure in controlling the expansion
of the species’ range.

The altered conditions of river ecosystems in the interior United States have likely affected the
ability of native fishes to compete with Asian carps in these waters. The dynamic habitats in
which native large river fishes and aquatic communities evolved have been altered by man.
Most of the Mississippi River Basin has been modified for commercial navigation, flood control,
and other human uses. The Upper Mississippi River-lllinois Waterway System and floodplain

! The native range of common carp is disputed, but is often reported as being of Eurasian origin (Page
and Burr 1991; Balon 1995). Balon (1995) found that common carp evolved in the Caspian Sea, then
migrated naturally to the Black and Aral Seas, east to eastern mainland Asia and west as far as the
Danube River.



ecosystem was described by the U.S. Army Corps of Engineers (USACE) Environmental Effect
Statement (USACE 2004) as follows:

“Prior to widespread European settlement of the region, the Upper Mississippi
River System was a diverse landscape of tallgrass prairie, wetlands, savannas,
and forests. Logging, agriculture, and urban development over the past 150
years have resulted in the present floodplain landscape that is more than 80
percent developed. Millions of acres of wetland drainage, thousands of miles of
field tiles, road ditches, channelized streams, and urban storm water sewers
accelerate runoff to the main stem rivers. The modern hydrologic regime is
highly modified, with increased frequency and amplitude of changes in river
discharge. Management to facilitate barge transport has occurred since the
1820’s, and today a system of 43 locks, 37 dams and thousands of river channel
training structures, including wing dams and revetments, and dredging maintain a
permanent three meter deep channel for barge traffic. The modern basin
landscape delivers large amounts of sediment, nutrients, and contaminants to the
river. Since impoundment, sediment accumulation and littoral (i.e., wind and
wave) processes in the navigation pools have greatly altered aquatic habitats.”

The fish fauna of these rivers have undergone rapid change in response to habitat alterations
(Pflieger 1997). For example, prior to these changes in habitat, native large river fishes such as
paddlefish (Polyodon spathula) and sturgeons (Acipenser and Scaphyrhynchus spp.) traveled
great distances to spawn over submerged gravel bars where their adhesive fertilized eggs are
deposited and incubated (Russell 1986; Pflieger 1997). With the eventual dredging,
straightening, and damming of the Mississippi River for navigation and flood control, most gravel
bars required for spawning and incubation were removed. Other species such as speckled
chub (Macrhybopsis aestivalis), sicklefin chub (M. meeki), and sturgeon chubs (M. gelida) are
specialized for life in open, sandy or gravelly sections of the river channel and have nearly
disappeared in some river reaches (Pflieger 1997). Dams block migrations of many species
including paddlefish, Alabama shad (Alosa alabamae), and skipjack herring (Alosa
chrysochloris). As a result the skipjack herring is nearly extirpated from Wisconsin, along with
the ebony shell (Fusconaia ebena) and elephant ear (Elliptio crassidens), both state
endangered mussels for which the skipjack herring is the sole host (Wisconsin Department of
Natural Resources 2004).

While native, large river fishes such as the paddlefish have struggled in this disturbed system,
introduced bighead, grass, and silver carps have become established and thrive in the altered
habitats of the Mississippi River Basin. The floodplain system provides varied biophysical
conditions for successful spawning, egg incubation, nursery and overwintering areas, and
plentiful macrophytes, planktonic, detrital or molluskan food resources for Asian carps
(Cudmore and Mandrak 2004; Kolar et al. 2007; Nico et al. 2005). In addition, these fishes have
been introduced within 1,800 km of the mainstem Mississippi River Basin that is free flowing
from St. Louis, Missouri to New Orleans, Louisiana. This allows for relatively unimpeded
movement of Asian carps from the mouth of the Mississippi River to the Missouri and Ohio
rivers. Within the impounded reaches of these large rivers, there is sufficient passage through
some locks and dams as well as sufficient distance, flow, and suitable temperatures to support
egg incubation during the period of late May to late September (Nico et al. 2005).

In addition to the ability of introduced Asian carps to disperse throughout the Mississippi River
and connected waterways, the plan identifies 22 potential pathways of introduction related to the
movement of Asian carps through human actions. Each of these pathways could lead to



additional introductions. Examples of such pathways include the transport and release of
baitfishes caught in the wild; stocking Asian carps in private or public waters for biological
control; the production, live transport, and live sales of Asian carps in seafood markets; live
transport and intentional spread of Asian carps by commercial fishers; movement of Asian carps
in ballast waters and live wells; and intentional releases of Asian carps by consumers,
hobbyists, and animal rights activists (Higbee and Glassner-Shwayder 2004; Kolar et al. 2007).

Based on experiences with other nuisance species, natural resources management agencies,
fishery and aquaculture scientists, and associated industries are concerned about the potential
ecological and economic effects posed by feral populations of Asian carps. The life history traits
of Asian carps (e.g., reproductive capability, population densities, feeding habits, broad climate
tolerance, mobility, and longevity) indicate that these four species have a high probability of
causing ecological and economic effects where populations become established (Mandrak and
Cudmore 2004; Kolar et al. 2007; Nico et al. 2005). Environmental and economic impacts
(damage and control costs) of aquatic nuisance species in the Great Lakes Basin alone were
estimated at nearly $5.7 billion per year in 2005; approximately $4.5 billion of which is
associated with fishery losses (i.e., reduced populations of important commercial and sport
fishes; Pimentel 2005). Millions of dollars are spent each year on integrated, long-term control
efforts such as the Sea Lamprey Control Program. Without sea lamprey control, it would be
impossible to restore many of the Great Lakes’ native fish species. Invasive sea lamprey
populations in the Great Lakes are managed through an extensive program administered by the
Great Lakes Fishery Commission under authority of the 1954 Convention on Great Lakes
Fisheries. The Great Lakes Fishery Commission (2006) and USFWS financial documents
reported the costs for sea lamprey control, assessment, and research exceeded $21 million in
2006. Nuisance species have the potential to cause extensive and irreversible changes to the
environment (USEPA 2005; Lodge et al. 2006), thereby jeopardizing the long-term sustainability
and use of existing resources, particularly imperiled, threatened, and endangered species.
Although concerns over feral populations of Asian carps in large river systems and their
tributaries are most often noted, these fishes can survive and potentially affect interior small
order streams and lakes. Fishing, hunting, boating, and other wildlife-associated recreation may
be adversely affected by feral populations of bighead and silver carps (Kolar et al. 2007). The
decline of native fishes important as sport and food species would adversely affect recreational
angling and other industries that benefit from sport fishing, such as tourism (Kolar et al. 2007).
The USFWS estimated that nationwide freshwater fishing expenditures by 28.4 million anglers
totaled $21.3 billion in 2001 (U.S. Department of the Interior et al. 2002).

Confounding the Asian carp issue is the fact that three of the four species (bighead, black, and
grass carps) have commercial applications and are in trade in the United States. The bighead
carp has been cultured and sold as a live food fish product since the early 1980s, grass carp
have been stocked nationally by public and private entities since the mid 1970s as a biological
control for nuisance aquatic weeds, (grass carp are also cultured and sold as a live food fish
product), and the black carp has been used since the early 1990s as a biological control for
snail-borne parasites in commercial aquaculture production ponds. Silver carp, although
cultured on a limited basis in the past, are not presently cultured in the United States, mostly
because of their jumping habits and poor handling qualities during production, harvest, and
transport (Kolar et al. 2007). However, there is some interest within the aquaculture industry in
producing silver carp on a commercial scale in the future, especially as part of Partitioned
Aquaculture Systems (personal communication, Robert Glennon, J. M. Malone and Sons Inc.).

The National Aquaculture Development Act, signed into law in 1980, stated that it is “in the
national interest, and it is the national policy, to encourage the development of aquaculture in



the United States.” This act indicated that the principal responsibility for the development of
aquaculture lies with the private sector, but also assigned responsibility to the U.S. Department
of Agriculture (USDA), U.S. Department of Commerce, and U.S. Department of Interior (16
U.S.C. 2801-2810; Public Law 96-362). This policy and the subsequent responsibilities remain
in force.

The majority of private aquaculture facilities in the United States are classified as small
businesses by the Small Business Administration (93% of baitfish farms, 84% of catfish farms,
and 88% of foodfish businesses other than catfish and trout farms; USDA 1999). Much of the
aquaculture in the United States occurs in impoverished rural areas such as parts of the
Mississippi Delta region. The channel catfish (Ictalurus punctatus) industry was responsible,
directly and indirectly, for 48% of the employment in Chicot County, Arkansas. This included
$22 million in tax revenue and a total economic effect of over $384 million (Kaliba and Engle
2004). The 2002 Census of Agriculture reported that aquaculture of all organisms in the United
States grew from a $45 million industry in 1974 to a $1.13 billion industry in 2002 (USDA 2004).
This economic activity multiplies into a total economic effect of over $7.6 billion in the United
States when feed mills, supply companies, processors, labor expenditures, and tax revenue are
included. Both natural resource conservation and the aquaculture industry must be considered
in the development of management and control plans for Asian carps.

As a first step in addressing Asian carp issues, the USFWS hosted an Asian Carp Workshop in
St. Louis, Missouri, during April 2000. The purpose of that workshop was to initiate the process
of gathering input for the development of a Mississippi River Basin Asian carp management and
control plan. The goal of the workshop was to review the status, distribution, biology,
ecological, and economic benefits and effects of Asian carps, and to identify management and
control alternatives that may reduce or mitigate adverse effects (USFWS 2000). In 2002, the
ANS Task Force requested the USFWS develop a national management and control plan for
Asian carps. In early 2004, the USFWS and ANS Task Force organized an Asian Carp Working
Group (Working Group) with broad and diverse representation from partners and stakeholders
to participate in the collaborative development of the national management and control plan.
Asian carp and nuisance species management specialists representing federal, state, tribal, and
Canadian natural resources management agencies, and experts from universities and research
facilities, aquaculturists and their trade association representatives, and non-governmental
organizations are members of the Working Group. (See pages i-ii for a list of Working Group
members and affiliations.)

In May 2004, the USFWS hosted an initial Working Group meeting in Columbia, Missouri, that
built upon the Workshop held in 2000. The purpose of the meeting was to begin a collaborative
process to develop an integrated, national management and control plan for Asian carps.
Breakout sessions conducted during the meeting focused discussions on the issues of
preventing spread, detection and monitoring, population control and abatement, and research
and information exchange. Working Group members were invited to participate on drafting
teams (Appendix 6.2) to develop the strategies, initiatives, and actions identified during the
meeting into an integrated national management and control plan. In August 2005, Working
Group members met in Nashville, Tennessee, to review and discuss a first draft of the
management and control plan.

This collaborative process was highly successful and nearly all issues were resolved. The
Working Group developed 48 strategies and 131 recommendations to manage and control
Asian carps (presented in Chapter 3). However, three issues were not resolved within the
Working Group. In-depth discussions for these three issues are presented in Appendix 6.3



‘Unresolved issue: Use of triploid black carp on aquaculture facilities’, Appendix 6.4 ‘Unresolved
issue: Use of grass carp on aquaculture facilities and farm ponds in watersheds with self-
sustaining populations of grass carp’, and Appendix 6.5 ‘Unresolved issue: Commercial,
domestic transport of live farm-raised bighead and grass carps’.

The complexity of developing strategies to manage and control these four different species on a
national scale prevents a progressive approach and presentation of recommendations in this
plan. The Working Group has identified an extensive set of strategies and recommendations to
address various aspects of prevention, control, and management. Concurrent actions to
prevent introductions and spread, and to reduce or eradicate feral populations are required to
successfully manage and control Asian carps. Comprehensive approaches to prevent
introductions of all aquatic nuisance species through integrated vector management (Ruiz and
Carlton 2003) would greatly improve efforts to prevent intentional and unintentional introductions
of Asian carps. No single control technique (i.e., no “silver bullet”) is available to eradicate
Asian carps once they become established. Instead, effective long-term control will require the
development of various innovative methods integrated into a single program (i.e., integrated
pest management), similar to the integrated approach developed for sea lamprey control in the
Great Lakes.

For implementation of this plan to successfully prevent further introduction and spread, and to
reduce or eradicate feral populations, coordination of management and control actions is
paramount. A coordination structure and consortium for Asian carp management must be
organized early in the process of implementing this plan. Strategy 3.7.1 identifies several
recommendations to develop an implementation program that effectively coordinates, oversees,
and drives implementation efforts. Action to establish this implementation program, which will
integrate, sequence, and prioritize the 136 recommendations in this plan, should begin at once.

1.2. Goals

The Working Group agreed that the desired endpoint of the plan is the extirpation of Asian carps
in the wild, except for non-reproducing grass carp within planned locations [i.e., areas where
nuisance aquatic vegetation can be controlled using planned introductions of sterile (triploid) fish
contained within a designated area]. The Working Group recognizes that there are few
examples of an aquatic nuisance species being completely eliminated once it has become
established, even in closed systems. However, such an endpoint is warranted in the
development of long-term plans to manage and control these fishes. It is necessary to explore
and identify what is needed to reach this endpoint rather than to resolve altogether that it is not
attainable.

The Working Group was charged with developing a plan that first and foremost protects our
Nation’s natural resources. The Working Group was also charged with developing solutions
that would allow for a viable aquaculture industry when implemented. Therefore, a framework
for the responsible use of domestic stocks of Asian carps is described throughout this plan. Itis
in this context that the Working Group developed strategies and recommendations that address
seven goals to protect the Nation’s natural resources. The Strategies and Recommendations
developed by the Working Group to accomplish each of the following seven goals are discussed
in detail in Chapter 3 and are summarized in Chapter 4 (Table 4.1, page 120) with a subjective
estimate of the cost to independently implement each action.



. Prevent accidental and deliberate unauthorized introductions of bighead, black, grass, and
silver carps in the United States.

. Contain and control the expansion of feral populations of bighead, black, grass, and silver
carps in the United States.

. Extirpate, or reduce to levels of insignificant effect, feral populations of bighead, black, grass,
and silver carps in the United States.

. Minimize potential adverse effects of feral bighead, black, grass, and silver carps in the
United States.

. Provide information to the public, commercial industries, and government agencies to
improve effective management and control of bighead, black, grass, and silver carps in
the United States.

. Conduct research to provide accurate and scientifically valid information necessary for the
effective management and control of bighead, black, grass, and silver carps in the United
States.

. Effectively plan, implement, and evaluate the management and control of bighead, black,
grass, and silver carps in the United States.



CHAPTER 2. SPECIES OVERVIEWS

This chapter presents an overview of the biology, introduction into the United States, present
distribution and abundance, present uses, and potential adverse effects of each of the four
species of Asian carps. The action plan for managing and controlling Asian carps is presented
in Chapter 3.

2.1. Bighead Carp

2.1.1 Biology

The bighead carp (Figure 2.1.1) is large, deep-
bodied, and can grow to lengths of 1.5 m and
weights of 40 kg (Laird and Page 1996). It has a
very large head, a large toothless mouth, and
eyes located far forward and low on the head
well below the axis of the body (Lin 1991).
Coloration of the body is dark gray above and
cream-colored below with dark gray to black ¢
irregular blotches on the back and sides (Kolar et  Figure 2.1.1. B|ghead carp. Photo courtesy of
al. 2007). USFWS, Carterville Fishery Resources Office.

Bighead carp are native to eastern China’s large lowland rivers, preferring temperatures
between 4-26°C. The species is known to school and occupy the upper to middle layers of the
water column. They are extremely hardy and can readily adapt to many temperate freshwater
environments. Juvenile bighead carp have been reported in low-velocity and off-channel
habitats in the Missouri, Mississippi, Wabash, and lower Ohio rivers (Kolar et al. 2007).

The bighead carp feeds in benthic, mid-water, and surface environments; feeding primarily on
zooplankton, but also consuming large quantities of blue-green algae, aquatic insects (adults
and larvae), and detritus (Robison and Buchanan 1988). Gill rakers are long, comb-like and
close-set, allowing it to strain planktonic organisms from the water for food. Bighead carp lack a
true stomach which requires them to feed almost continuously (Henderson 1976).

Female bighead carp reach sexual maturity at three years of age with a body weight of 7-10 kg,
while males can reach sexual maturity in two years with a body weight of 5-8 kg; however, this
varies significantly with changing environmental conditions (Huet 1970; Kolar et al. 2007).
Spawning activity is associated with high spring flows (Verigin et al. 1978), and spawning areas
have high water velocity (0.6-2.3 m/s), turbid water, and water temperature in the range of 18-
30°C (Kolar et al. 2007). Bighead carp produce eggs that are semi-buoyant and require current
to keep them from sinking to the bottom (Soin and Sukhanova 1972; Pflieger 1997).
Floodplains associated with rising water levels provide nursery areas for larvae and juvenile
forms (Huet 1970). Fecundity increases with age and body weight and is directly related to
growth rate (Verigin et al. 1990). Vinogradov et al. (1966) found that first-time spawners
average 288,000 eggs, while Sukhanova (1966) and Jennings (1988) documented egg
production to range from 478,000-1,100,000, respectively.



2.1.2. Introduction to the United States

Bighead carp were first imported into the United States in 1973 by a private fish farmer in
Arkansas (personal communication, Andrew Mitchell, USDA) as a potential biological control
agent to improve water quality and increase fish production in culture ponds (Nico and Fuller
2005). Universities and state agencies conducted research on bighead carp for a number of
years. Bighead carp have been stocked for research purposes in Arkansas (Jennings 1988),
Alabama (Pretto 1976; Dunseth 1977; Cremer and Smitherman 1980), lllinois (Buck et al.
1978a, 1978b, 1981), South Carolina (Wilson et al. 1984), Texas (Bettoli et al. 1985; McBride
1997), and Colorado (Lieberman 1996). Henderson and Wert (1976), in a document prepared
for the U.S. Environmental Protection Agency (USEPA), stated that “aquaculture wastewater
alternatives appear to be economically attractive regardless of the market for products if water
guality goals are met.” Henderson (1978) stocked bighead carp in an existing lagoon treatment
system in Arkansas in 1975-1976 to evaluate the effect of the fishes on water quality and the
potential for using this nutrient source for fish production. In a follow-up study, Henderson
(1979) reported results from a project funded by the USEPA that involved stocking six treatment
lagoons of the Benton Services Center treatment plant in Benton, Arkansas. In a later paper,
Freeze and Henderson (1982) refer to four stocking sites in Arkansas (specific locations not
identified) in addition to the location of state and private hatcheries with bighead carp. With few
regulations in place to restrict the sale or possession of bighead carp and with culture
information and technical support supplied by the USFWS, fish farmers in Alabama, Arkansas,
Mississippi, Missouri, and Oklahoma acquired fish from research facilities and imports,
propagated bighead carp as food fish, and began marketing them to ethnic live fish markets.
After concerns about introductions into open waters were raised, regulations were mandated to
restrict stocking of the species in Arkansas waters, and the control of accidental introductions
was investigated (Freeze and Henderson 1982).

Bighead carp first began to appear in open public waters (e.g., the Ohio and Mississippi rivers)
in the early 1980’'s (Freeze and Henderson 1982; Carter 1983), with the first documented
evidence of natural reproduction in the Missouri River in 1989 (Pflieger 1997; Kolar et al. 2007).
Since their introduction, nearly every state in the Mississippi River Basin and several states
outside the basin, have reported bighead carp in their waters. The reproducing populations
currently in the Mississippi River Basin could be the result of escape from one or more sources,
including: research, state agency, university, and private aquaculture facilities, and illegal
introductions (Dill and Cordone 1997; Pigg et al. 1997).

2.1.3. Present Distribution and Abundance in the United States
Bighead carp have now been recorded from within or along the borders of at least 23 states
(Figure 2.1.2) and are self-sustaining within the Mississippi, Missouri, Ohio, and Tennessee
river basins (Kolar et al. 2007; Nico and Fuller 2005; Schofield et al. 2005). In October 1999 a
fish kill was reported in shallow backwaters on the Upper Mississippi River National Wildlife
Refuge near St. Louis that consisted of 97% Asian carps (mostly bighead and silver carps).
Among fishes killed, only four native species were found and these were represented by one
individual each (personal communication, Chuck Surprenant, USFWS). Adult bighead carp
have also been reported to concentrate in large numbers below dams on many Midwestern
rivers (lowa to Indiana; MICRA 1999) and juveniles are known to invade small tributaries,
particularly areas below spillways (Kolar et al. 2007). The catch rates of bighead carp in the
Mississippi and lllinois rivers between 1993 and 2004 during standardized sampling by the Long
Term Resources Monitoring Program, an element of the USACE Environmental Management
Program, peaked between 2000 and 2002 (USGS 2007).
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Figure 2.1.2. Distribution of bighead carp in the United States as reported in the Nonindigenous Aquatic
Species database at the U.S. Geological Survey (USGS). Map reproduced from http://nas.er.usgs.gov/.

Live bighead carp have been imported to several states outside of the Mississippi River Basin.
The USGS Nonindigenous Aquatic Species database (http://nas.er.usgs.gov) includes reported
collections of bighead carp in Arizona (Specimen ID #237385), California (Specimen ID
#29757), and Florida (Specimen ID #31508 and #31970). Five bighead carp have been
collected in western Lake Erie between 1995 and 2003 (Mandrak and Cudmore 2004; Nico and
Fuller 2005).

It is difficult to describe accurately the potential distribution of bighead carp in the United States;
however most of the United States lies within the preferred latitudes of bighead carp (Figure
2.1.3). Based on an examination of the present distribution of established and introduced
populations around the world, Kolar et al. (2007) conclude that bighead carp have the potential
to become established in large rivers in much of the continental United States. Life history traits
of bighead carp suggest they are well adapted to large river systems such as those of the
central United States. Limiting factors to range expansions of reproducing populations are most
likely access to rivers with moderate to swift current of a length at least 100 km to fulfill
spawning requirements, fairly high ionic concentrations for successful egg incubation, and
successful recruitment of larvae and juveniles (Kolar et al. 2007).
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Figure 2.1.3. The latitudinal range of bighead carp projected across North America. The native range
of bighead carp in eastern Asia extends from approximately 24° N to 43° N; other reports from 21° N to
47° N include introduced populations (Kolar et al. 2007). Map modified from www.theodora.com/maps.

2.1.4. Present Uses within the United States

Some researchers have reported that bighead carp, especially in combination with silver carp,
may improve the quality of pond water by continually removing plankton, especially blue-green
algae, thereby stabilizing plankton and lessening the probability of die-offs in production ponds
(Kolar et al. 2007; Schofield et al. 2005). Studies have yielded conflicting results (Kolar et al.
2007) and Stickney (1996) concluded that more studies would be needed to confirm that
bighead carp improve water quality in culture ponds. Stone et al. (2000) stated that changes in
the plankton community brought about by bighead carp do not necessarily result in improved
water quality or reduced off-flavor in water. In addition to water quality control, bighead carp are
used in polyculture with channel catfish in the United States (Kolar et al. 2007) and sold for
human consumption at the end of the production cycle, providing supplemental income for
catfish producers. The greatest efficiencies were reportedly achieved when catfish and bighead
carp were grown separately with nutrient rich water from catfish ponds used as a source of feed
for bighead carp (Griffin 1993).

Bighead carp raised for human consumption are primarily sold through the livehaul market as a
live product (Engle 1998a, 1998b) and can be an important source of revenue for fish farmers
during times of low catfish prices (Stone et al. 2000; DFO 2005). The estimated net benefit of
stocking bighead carp with catfish ranged from $1,628 to $2,743 annually from a 15-acre pond,
or $108-$183/acre (Engle 1998a; Engle and Brown 1998). Jensen (1998) estimated net profit
from bighead carp raised in catfish ponds at $5,560 for a 15-acre pond, or $371/acre.
Extrapolating this estimated annual net profit to the estimated 5,100 acres of bighead carp
polycultured with channel catfish (Stone et al. 2000) would yield $550,800 - $1,892,100.
Bighead carp market prices fluctuate widely and raising bighead carp alone is unlikely to be
profitable at current prices (Engle 1998Db).

Most live bighead carp produced in the United States are sold from small specialty food markets
to consumers of various Asian cultures in major North American cities (Figure 2.1.4; Stone et
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al. 2000). The current market for live bighead carp in the United States is limited and easily
saturated (Stone et al. 2000). “The typical consumer will buy only enough fish for the current
day’s meal and will pay top dollar only for live fish” (Stone et al. 2000). In states where
consumers can purchase live bighead, the price per pound is relatively higher than for dead
bighead (Stone et al. 2000), indicating a distinct consumer preference for the live product.
Bighead carp that die in retail markets are sold at about 20% of the live price (Stone et al.
2000). Specialized live haulers transport live fish from fish farms to wholesalers who warehouse
the fish and distribute live bighead carp to individual fish markets by smaller trucks (Figure
2.1.5; Stone et al. 2000). Marketing as a live product for ethnic markets in Canada began in
1981 (DFO 2005).

; i,
Figure 2.1.5. Dehvery of I|ve bighead carp from
City. Photo courtesy of David Heikes, University of a wholesaler to a specialty food market in New
Arkansas at Pine BIuff. York City. Photo courtesy of David Heikes,
University of Arkansas at Pine BIuff.

Flgure 2 4 Spemalty food market in New York

Many governments restrict or prohibit the possession and/or sales of live Asian carps. Ontario
amended its provincial Fish and Wildlife Conservation Act to restrict the purchase and sale of
live bighead, black, grass and silver carps effective May 2004 (personal communication, Beth
Brownson, Ontario Ministry of Natural Resources). Ontario also amended its Fisheries
Regulations to restrict live possession of Asian carps effective August 31, 2005 (Canada
Gazette 2005). lllinois put new Administrative Rules into effect May 1, 2005, listing bighead,
black, and silver carps as Injurious Species, thereby prohibiting the live sales of these fishes
within the state (lllinois Administrative Code, Title 17, Chapter 1, Part 805). New York State
passed emergency regulations prohibiting import and live sales of bighead, black, and silver
carps with the exception that live bighead carp may be sold in New York City, however the fish
must be killed by the seller before the purchaser takes possession (New York Conservation
Rules and Regulations, Title 6, Chapter 1, Part 180). The State of California prohibits the sale
of live bighead carp requiring out-of-state live haulers to kill bighead carp prior to entering the
state (personal communication, Bob Hulbrock, California Department of Game and Fish). In the
absence of live bighead carp, consumers in California have accepted “freshly dead” products.

Bighead carp have also been used experimentally in the United States to manage water quality
in sewage treatment lagoons, manure lagoons, and reservoirs. Henderson (1983)
recommended the use of bighead and silver carps to reduce municipal sewage treatment plant
operational costs and treatment pond size. Early research in this capacity indicated that facility
design greatly determined the overall effect of bighead carp on water quality. Due to their
feeding preferences, bighead carp are more effective at feeding on zooplankton than on algae
(Kolar et al. 2007).
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Commercial enterprises are attempting to develop products and establish markets for wild
harvested bighead carp. Commercial harvest of bighead carp is increasing in parts of the
Mississippi River Basin. Bighead carp had the highest biomass (3,653 kg, 39%) of fish caught
commercially from the Missouri River in lowa during 2003 (lowa Department of Natural
Resources 2003). The combined annual commercial harvest of bighead and silver carps from
the Mississippi and lllinois rivers within lllinois increased from less than 600 kg per year
between 1988 and 1992 to over 50,000 kg per year since 1997 (Chick and Pegg 2001). The
reported combined commercial harvest of these fishes in 2003 was nearly 60,000 kg from the
Mississippi River alone and exceeded 338,000 kg in the lIllinois River (Maher 2005).

2.1.5. Potential Adverse Effects

Although direct species interactions are not understood fully and competition is difficult to
document in large and dynamic river systems (Kolar et al. 2007), the potential of increasing
populations of bighead carp to affect native species at all life stages is a concern. Bighead carp
are believed to affect many native species adversely because they feed on plankton, the
primary food source for mussels, larval fish, and several adult fishes (Laird and Page 1996;
Fuller et al. 1999). Sampson (2005) found dietary overlap between bighead carp with gizzard
shad (Dorosoma cepedianum) and bigmouth buffalo (Ictiobus cyprinellus) in the lllinois and
Mississippi rivers. Schrank et al. (2003) demonstrated dietary overlap between age-0 bighead
carp and age-0 paddlefish in mesocosms. Bighead carp have the potential to influence large
crustacean zooplankton negatively and to alter food web interactions, thereby potentially
affecting other native aquatic organisms (Kohler et al. 2005; Sampson 2005). Field studies to
investigate a decline in planktivorous species in areas with abundant bighead carp populations
are lacking.

The spread of bighead carp may be adversely affecting the existing commercial fishery in parts
of the Mississippi River Basin (Maher 2005). There is not yet a large market for bighead carp in
the United States, but in some locations this species has become a substantial portion of the
commercial catch (lowa Department of Natural Resources 2003; Maher 2005; personal
communication, Vince Travnichek, Missouri Department of Conservation). Commercial fishers
on the lllinois River reported a 124% increase in the harvest of bighead and silver carps
(reported together) and a 35% decrease in buffalo harvest during 2002. Unless economically
viable markets develop, the establishment of large self-sustaining populations of bighead carp in
the United States may compromise commercial fishing.

Feral bighead carp have been reported from rivers of the United States since the 1980’s
(Freeze and Henderson 1982; Carter 1983) and are no longer a risk of introducing nonnative
pathogens within their current range. However, additional importation of bighead carp into the
United States could introduce nonnative pathogens with unknown potential consequences.
Scientists have found the Asian tapeworm (Bothriocephalus acheilognathi) in bighead carp
stocks in China and the former USSR (Kolar et al. 2007). Asian carps, along with common carp
and many native fishes, are known vectors of Asian tapeworm and hence should be inspected
for this parasite if Asian carp are to be stocked into a body of water where the parasite is not
known to be present. Infected fish should not be stocked into uninfected water bodies.

A recently completed environmental risk assessment, using methods described by the Risk
Assessment and Management Committee (1996), concluded that the overall organism risk
potential associated with bighead carp is high (Kolar et al. 2007). The organism risk potential is
based on the probability of bighead carp becoming established and the consequences of
bighead carp establishment. The finding of high organism risk potential indicates that bighead
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carp are an organism of major concern and present an unacceptable level of risk. The
probability of bighead carp establishment if released (high) was determined using the following
factors: probability of being within the pathway, probability of the surviving transit, probability of
successfully colonizing and maintaining a population where introduced, and probability of
spread beyond the colonized area. The consequence of bighead carp establishment (medium
to high) was determined using the following factors: estimation of economic effect if established,
estimation of environmental effect if established, and estimation of effect from social and/or
political influences.

2.2. BLACK CARP

2.2.1. Biology

The black carp (Figure 2.2.1) is large, elongated,
laterally compressed and can exceed 1.8 m and
70 kg (Nico et al. 2005). It has a pointed head
with a flattened anterior portion and a small
toothless mouth (Lin 1991). The body of the
black carp is covered with large cycloid scales;
coloration of the body varies from brown to black
and grading to a bluish-grey or nearly white belly. The fins are darker than the body and most
often described as black or brownish-black with lighter hues at the base (Lin 1991; Nico et al.
2005).

Figure 2.2.1. Black carp. Photo courtesy of
James Candrl, USGS.

Black carp are native to the Pacific drainages of eastern Asia between 22 and 51°N latitudes.
Its range extends from the Pearl River Basin in China north to the Amur River and its major
tributaries of China and far eastern Russia, including possibly the Red River of northern Viet
Nam (Frimodt 1995; Nico et al. 2005). Throughout its native range the black carp inhabits
lowland lakes and rivers, mostly at altitudes less than 200 meters above sea level (Li and Fang
1990). The climate of this range varies from subtropical to cold (FAO 1983; Nico et al. 2005).

Black carp have been reported to tolerate dissolved oxygen concentrations as low as 2 ppm.
Optimal feeding temperatures for black carp range from 25-30°C; feeding ceases at
temperatures < 3°C. Temperatures less than 0.5°C or above 40°C are lethal (Lin 1991).

Recently-hatched black carp fry feed primarily on zooplankton. At 26+ days after hatching (3.1-
33 cm), the pharyngeal teeth have fully formed and the fish begin feeding on a larger variety of
benthos, insect larvae, and organic detritus (Liu et al. 1990; Lin 1991). Adult black carp feed
primarily on mollusks, using their molar like pharyngeal teeth to crush the shells. The species of
mollusks consumed varies with geography, fish size, and mouth gape, but usually include
gastropods and bivalves (Nico et al. 2005).

Black carp mature from 6-11 years, depending on latitude, diet, and habitat. Males typically
mature a year earlier than females. Females average 1 m and 15 kg at maturity while males
average 88 cm and 10 kg (Lin 1991; Nico and Williams 1996). Spawning occurs in rivers with
water velocities of 0.8-1.8 m/s and water temperatures of 17-30°C (Nico et al. 2005). Increased
water flow and temperatures trigger an upstream spawning migration in spring and early
summer (Nico et al. 2005). Lin (1991) reported fecundity of females weighing 13.3 kg and 34 kg
to be 74.6 and 99 eggs per gram of body weight (about 1.3-3.4 million eggs), respectively.
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Black carp eggs are non-adhesive, semi-buoyant, and drift with water currents. Eggs range in
size from 4-7 mm diameter and hatch 24 to 35 hours post fertilization, depending on water
temperature (Nico et al. 2005). The eggs and larvae are carried into floodplain lakes, smaller
streams, and channels with little or no current. These areas serve as nursery areas for larval
and juvenile fish. If the drift of eggs and larvae occurs during falling river levels, then the larvae
migrate actively to their feeding areas after absorbing the yolk sac (Nico et al. 2005).

2.2.2. Introduction to the United States

Black carp were first imported into the United States in 1973 by a private fish farmer in Arkansas
as part of a “mixed shipment of Chinese carps.” These initial specimens were trusted into the
possession of the Arkansas Game and Fish Commission for evaluation, were never
successfully spawned, and were eventually destroyed (personal communication, Mike Freeze,
Keo Fish Farm). Black carp were imported into the United States on several occasions during
the 1980'’s by private fish farmers as a potential food fish and again during the 1990s as a
potential biological control for snail-borne parasites in aquaculture ponds (personal
communication, Andrew Mitchell, USDA). By the early 1990’s four private fish farms were
producing triploid black carp for use as biological control agents. However, controversy over the
black carp has restricted its use in research and management.

The presence of some black carp in natural waters indicates that they have escaped from
research facilities or private aquaculture facilities. It has been reported that black carp escaped
into the Osage River (a tributary to the Missouri River) when high water flooded hatchery ponds
at an aquaculture facility in Missouri during April 1994 (Nico 2007; Nico et al. 2005). Although
an estimated 30 black carp were reported as escaped to the Missouri Department of
Conservation by an employee of the fish farm (Missouri Department of Conservation
memorandum from C. Fuller to K. Richards, dated 13 April 1994), the owner of the fish farm
states that no black carp have escaped from ponds on his facility (personal communication, Jim
Kahrs, Osage Catfisheries, Inc.).

2.2.3. Present Distribution and Abundance in the United States
Agencies, research institutes, or individuals in 11 states have possessed live black carp,
received shipments of live black carp, or both, at one time or another. These include Arkansas,
Florida, lllinois, lowa, Louisiana, Mississippi, Missouri, North Carolina, Oklahoma, Texas, and
Wisconsin (Nico et al. 2005). Nico et al. (2005) stated “The total numbers of black carp in the
United States at any one time is uncertain. During the 1990s, it was reported that the number
being held by fish farmers and other entities in a few southern states totaled well over 400,000
individuals, including triploids and diploids (M. Freeze, memo to B. Collins, U.S. Department of
Agriculture, Stuttgart, Arkansas). At that time, there were four privately owned aquaculture
facilities, located in Arkansas and Missouri, and each reportedly held more than 100,000 diploid
and triploid black carp.”

Less is known about the distribution and abundance of feral black carp in the United States. To
date, there have been no adequate field surveys conducted to determine the distribution and
abundance of black carp in the Mississippi River Basin or studies conducted for the expressed
purpose of identifying spawning grounds or for targeting capture of larval black carp in the wild.
During 2003 and 2004, following testing of gear in ponds with known numbers of black carp,
Schramm and Basler (2005) employed AC electrofishing gear to sample selected waterways “in
proximity to open-pond aquaculture facilities known or expected to use black carp” in Arkansas,
Louisiana, and Mississippi. No black carp were captured. The researchers concluded that the
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absence of black carp in their samples “suggests black carp are absent or present in low
densities” in these waterways.

Relatively few fishery biologists and commercial fishers in the Mississippi River basin are
experienced in fishing appropriate gear and habitat (e.g., large hoop nets placed in deep water)
for catching black carp. However, some commercial fishers operating in the Mississippi River
and its tributaries have been capturing black carp in the wild since the early 1990s and black
carp captures have reportedly been an annual event in portions of the lower Mississippi Basin
for more than a decade (Nico 2007; Nico et al. 2005; personal communication, Leo Nico,
USGS). Most of the fish captured were not retained, however at least 14 of the wild-caught
black carp specimens were examined by experts and their identifications verified (Table 2.2.1;
Figure 2.2.2; Nico 2007; Nico et al. 2005; personal communication, Leo Nico, USGS; personal
communication, Mark McElroy, Louisiana Department of Wildlife and Fisheries).

Introduced Ranges:
Bl tuc @ level record

o 21 a5
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Figure 2.2.2. Distribution of black carp in the United States as reported in the Nonindigenous Aquatic
Species database at the U.S. Geological Survey (USGS). Map reproduced from http://nas.er.usgs.gov/.
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Table 2.2.1. A partial listing of wild-caught black carp taken in the Mississippi River Basin by
commercial fishers and whose identities have been verified by experts (Nico 2007; Nico et al.

2005; personal communication, Leo Nico, USGS; personal communication, Mark McElroy,
Louisiana Department of Wildlife and Fisheries).

Collection Date | River Location Total Age (Years)' | Ploidy
Length
(mm)

26 March 2003 Mississippi lllinois, Horseshoe Lake, 783 4 (scale) Triploid
Alexander County

19 April 2004 Red Louisiana, near confluence of | 1,110 8 (otolith) Diploid
Red and Atchafalaya rivers

6 May 2004 Red Louisiana, near confluence of | 904 6 (pectoral Diploid
Red and Atchafalaya rivers spine)

2 June 2004 Red Louisiana, near confluence of
Red and Atchafalaya rivers

10 June 2004 Mississippi | Illinois, below Lock and Dam 755
24 at river mile 273.4

13 August 2004 | Atchafalaya | Louisiana, at Simmesport 1,135 Diploid

5 April 2005 White Arkansas, river mile 129

14 May 2005 Red Louisiana, near confluence of 5 (pectoral Diploid
Red and Atchafalaya rivers spine)

22 March 2006 Red Louisiana, near confluence of 996 Diploid
Red and Atchafalaya rivers

28 April 2006 Red Louisiana, near confluence of | 995 4 (pectoral Diploid
Red and Atchafalaya rivers spine)

27 June 2006 Red Louisiana, near confluence of | 1027 5 (pectoral Diploid
Red and Atchafalaya rivers spine)

10 May 2007 Red Louisiana, at Simmesport 1117 6 (pectoral

spine)
May 2007 Red Louisiana
May 2007 Mississippi | Louisiana

! Structure used to estimate age indicated in parentheses.
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It is difficult to predict the potential distribution of black carp in the United States; however most
of the United States lies within the preferred latitudes of black carp (Figure 2.2.3) and there are
an abundance of large rivers well suited for black carp. There have been no collections of eggs
and larvae or observations of spawning (Nico et al. 2005). However there have been no studies
directed at the collection and identification of black carp eggs or larvae, and, since black carp
spawning does not normally take place near the water surface (Nico et al. 2005), direct
observation of spawning fish would be unlikely. Although there has been no documented
natural reproduction, the continued capture of reproductively viable (i.e., diploid) adult black
carp has increased concerns that feral black carp are reproducing in the wild and may establish
self-sustaining populations (Nico et al. 2005).
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Figure 2.2.3. The latitudinal range of black carp projected across North America. The native range of
black carp in eastern Asia extends from approximately 22° N to 51° N (Nico et al. 2005). Map modified
from www.theodora.com/maps.

2.2.4. Present Uses within the United States

In their native China, black carp are an important food fish, with culture of black carp dating
back at least 1000 years (Nico et al. 2005). Black carp are considered one of the most
desirable food fish in China and fish farmers in the United States anticipated that sales of the
fish would be high in ethnic markets. However, to date there is neither demand for black carp in
fish markets in the United States nor any commercial production of this fish for the live food
market.

Currently black carp are used on aquaculture facilities as biological control agents for snails,
which serve as intermediate hosts for several fish parasites that can kill juvenile fish and render
fish flesh unmarketable (see Strategy 3.1.14 and Appendix 6.3).

The ANS Task Force was asked to consider black carp as a control agent for zebra mussels
over a decade ago, and it strongly rejected such a use (personal communication, Dean
Wilkinson, NOAA). Black carp have been reported to consume zebra mussels, but it is unlikely
that black carp are able to break apart clumps or rafts of zebra mussels (Nico et al. 2005). Itis
also not known whether black carp will select zebra mussels preferentially over native mollusks.
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Current knowledge of the species suggests that black carp would not be effective in controlling
zebra mussel populations (Nico et al. 2005).

2.2.5. Potential Adverse Effects

Black carp feed primarily on mussels and snails, collectively the most imperiled aquatic
organisms in the United States; nearly 70 percent of North American mussels are listed as
extinct, endangered, threatened, or of special concern (Johnson and Butler 1999; USFWS
2005). Mollusk populations have been reduced greatly by poor water quality, pollution, habitat
degradation, commercial harvest, and nonnative species introductions [e.g., Asiatic clams
(Corbicula fluminea) and zebra mussels] (Johnson and Butler 1999). Black carp could add
substantially to the problem (Nico et al. 2005). The effects of these fish are likely to be
proportional to their abundance in the wild. Introduced individuals or a reproducing population
of black carp in open waters of the United States could pose a serious threat to many of the
remaining populations of threatened and endangered mollusks (Nico et al. 2005), however there
is a vast difference between the long-term effects of introduced individuals and a reproducing
population of these fish. Black carp could consume many imperiled native mussels. Nico et al.
(2005) concluded that all size classes of 12 (85%) of the 14 federally endangered unionid
species in Midwestern rivers are within the gape limits of a 2 m long black carp. Because there
are no known native molluskivores with a similar combination of size, morphology, and diet, the
black carp could potentially fill a niche in North American rivers currently unoccupied and
consequently alter food webs substantially (Nico et al. 2005).

Although direct species interactions are not fully understood, established populations of black
carp could compete with native fishes that feed on small mollusks. Freshwater drum
(Aplodinotus grunniens), redear sunfish (Lepomis microlophus), several ictalurid catfishes, and
several redhorse species (Moxostoma spp.) may be affected (Nico et al. 2005). In addition,
larval and juvenile black carp consume plankton, insect larvae, and detritus (Lin 1991) and
potentially could compete for food with native larval and juvenile fishes if these resources are
limited.

Additional importation of black carp into the United States could introduce nonnative pathogens
with unknown potential consequences. Nico and Williams (1996) concluded that until black carp
are evaluated as a pathway for disease, no additional stocks of black carp should be imported
without additional precautions. Scientists have found the Asian tapeworm in stocks of black
carp in the former USSR (Nico et al. 2005). Asian carps, along with common carp and many
native fishes, are known vectors of Asian tapeworm and hence should be inspected for this
parasite if Asian carp are to be stocked into a body of water where the parasite is not known to
be present. Infected fish should not be stocked into uninfected water bodies.

A recently completed environmental risk assessment, using methods described by the Risk
Assessment and Management Committee (1996), concluded that the overall organism risk
potential associated with black carp is high (Nico et al. 2005). The organism risk potential is
based on the probability of black carp becoming established and the consequences of black
carp establishment. The finding of high organism risk potential indicates that black carp are an
organism of major concern that compels mitigation. The probability of black carp establishment
if released (high) was determined using the following factors: probability of being within the
pathway, probability of surviving in transit, probability of successfully colonizing and maintaining
a population where introduced, and probability of spread beyond the colonized area. The
consequence of black carp establishment (high) was determined using the following factors:
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estimation of economic effect if established, estimation of environmental effect if established,
and estimation of effect from social and/or political influences.

2.3. GRASS CARP

2.3.1. Biology

The grass carp (Figure 2.3.1) is large, elongated,
laterally compressed, and can grow to lengths of
1.6 m and weights of 37 kg (Pflieger 1997;
Bowman 1998). The head is slightly flattened,
with moderately small eyes centered on the side
of the head. The body is covered with large
cycloid scales. Coloration of the body varies
from blackish or olive-brown, grading to brassy or silvery-white on the sides and belly. Scale
pockets on the back and sides are outlined by dusky pigment, giving a crosshatched effect
(Pflieger 1997).

Figure 2.3.1. Grass carp. Picture courtesy of
Duane Chapman, USGS.

Grass carp are native to the large rivers of eastern Asia. Its native range extends from southern
Russia to northern Vietnam and from coastal waters inland. The grass carp is a sub-tropical to
temperate species found between 25-65°N latitudes (Lee et. al. 1980; Shireman and Smith
1983; Froese and Pauly 2001). The grass carp is most commonly reported to inhabit lower and
middle reaches of rivers. Grass carp prefer large, slow flowing water bodies with available
vegetation. Grass carp can tolerate water temperatures between 0-38°C, but prefer
temperatures of 10-26°C. The species can withstand dissolved oxygen concentrations as low
as 0.5 ppm and salinities to 10 ppt (Froese and Pauly 2001)

Grass carp possess comb-like pharyngeal teeth that are used to grind vegetation. Adult grass
carp prefer a diet of submerged plants with soft leaves (Bain et al. 1990; Pine and Anderson
1991) and will consume filamentous algae and firmer macrophytes [e.g., Eurasian milfoil
(Myriophyllum spicatum)] when preferred forage has been exhausted (Opuszynski and
Shireman 1995). In the absence of aquatic vegetation, grass carp have been reported to
consume organic detritus, insects, small fish, earthworms, and other invertebrates (Laird and
Page 1996; Froese and Pauly 2001). Grass carp can consume up to 40% of their body weight
per day in aquatic vegetation (Laird and Page 1996).

Grass carp grow rapidly before the onset of maturity, reaching 1 kg by age one and growing 2-3
kg per year in temperate climates and 4.5 kg/year in tropical climates (Shireman and Smith
1983). Age at maturity ranges from 2-10 years (50-86 cm) and is largely a function of water
temperature and diet (Cudmore and Mandrak 2004). Males generally mature one year earlier
than females. Spawning activity is associated with high spring flows, and spawning areas have
high water velocity, turbid water, and a temperature in the range of 15-30°C (Cudmore and
Mandrak 2004). Grass carp spawn primarily in the main river channel in the upper part of the
water column over rapids or sand bars during times of turbulent water currents ranging from 0.6
to 1.5 m/s (Shireman and Smith 1983). Fecundity is directly proportional to length, weight, and
age, averaging 500,000 eggs for a 5 kg female (Shireman and Smith 1983; Chilton and
Muoneke 1992).

Grass carp eggs are non-adhesive and semi-buoyant, requiring flowing water for incubation
(Cudmore and Mandrak 2004). Eggs can become dispersed widely from the spawning site and
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have reportedly traveled downstream as far as 180 km (Fedorenko and Fraiser 1978).
Successful reproduction requires long stretches of warm, flowing water for egg incubation and
suitable backwater habitats for larval development (Verigin et al. 1978). Floodplains associated
with rising water levels provide nursery habitat areas for larvae and juvenile forms. Larval grass
carp initially feed on rotifers and protozoans, switching to larger cladocerans and insect larvae
at 11-15 days post-hatch (Fedorenko and Fraser 1978; Opuszynski and Shireman 1995). Three
weeks post-hatch, grass carp begin feeding on filamentous algae and macrophytes. By the age
of 1 to 1.5 months grass carp feed exclusively on macrophytes (Opuszynski and Shireman
1995).

2.3.2. Introduction to the United States
Grass carp were brought into the United States
in 1963 through a joint action of the United
Nations Food and Agriculture Organization, the
USFWS, and Auburn University to evaluate
their use as a biological control for aquatic
vegetation (Avault 1965; Stevenson 1964;
Pflieger 1978; Leslie et al. 1996; Mitchell and
Kelly 2006). The original fish were housed at
the USFWS Fish Farming Experiment Station
in Stuttgart, Arkansas (Figure 2.3.2) and
Auburn University, Alabama (Avault 1965;
Stevenson 1964; Pflieger 1978; Leslie et al.
1996; Mitchell and Kelly 2006). These stocks
reached sexual maturity in 1966 and were
spawned at both facilities (Mitchell and Kelly RS AR SN R A AR T O R SRR
2006). Some of the offspring produced by the
USFWS in Stuttgart, Arkansas are thought to shipment to the United States arriving at the U.S.

have escaped in 1966 and newly hatched Fish and Wildlife Service laboratory at Stuttgart,

grass carp fry were observed passing through  arkansas, on November 16, 1963 (Photo copied
screens on rearing troughs in 1970 (Mitchell from Stevenson 1964).

and Kelly 2006).
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Figure 2.3.2. A picture of the first grass carp

The Arkansas Game and Fish Commission stocked Lake Greenlee, a topographically isolated
lake near Brinkley, Arkansas, in 1969 and 1970 (Leslie et al. 1996; Mitchell and Kelly 2006). In
1971, the Arkansas Game and Fish Commission produced 1 million grass carp fry and stocked
the first reservoir open to a stream system, Lake Conway, and began providing out-of-state
researchers with fish (Guillory and Gasaway 1978). By 1972 grass carp had been shipped to at
least 16 states (Guillory and Gasaway 1978) and the Director of the USFWS Fish Farming
Experiment Station (K.E. Sneed) reported that grass carp had been introduced into 40 states
(Pflieger 1978). By 1975, the Arkansas Game and Fish Commission had stocked 380,000
grass carp in more than 100 lakes throughout the state (Guillory and Gasaway 1978; Pflieger
1978).

Feral grass carp were collected in 1970 in the White River, Arkansas and in the lllinois portion of
the Mississippi River in 1971 (Mitchell and Kelly 2006). Age determination indicated the fish
were from the 1966 year class and most likely had escaped from the USFWS facility in

Stuttgart, Arkansas (Mitchell and Kelly 2006). By 1974 feral grass carp from the 1971 year
class began to appear with great frequency in the Mississippi River (Pflieger 1978). Other free
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ranging or escaped grass carp appeared in rivers of Alabama, Florida, Georgia, and Mississippi
(Mitchell and Kelly 2006).

Realizing the effectiveness of grass carp for controlling nuisance aquatic vegetation, private fish
hatcheries began marketing grass carp in 1972 (Mitchell and Kelly 2006). The first grass carp
marketed by private fish hatcheries were received from the Arkansas Game and Fish
Commission in 1972; additional imports of grass carp did not occur until the late 1970s or early
1980s (personal communication, Andrew Mitchell, USDA). By 1973 grass carp, marketed as
white amur, were being sold to private pond owners via trade magazines for aquatic vegetation
control. Few regulations existed to restrict the distribution of grass carp.

By the late 1970s a growing controversy had developed regarding the grass carp’s potential to
reproduce in river systems in the United States and many states banned the importation of
diploid grass carp (Leslie et al. 1996). Private hatcheries, attempting to create an
environmentally safe grass carp, began developing hybrid, sterile, and mono-sex stocks of
grass carp (Leslie et al. 1996).

In 1983 a private fish hatchery in Arkansas produced the first triploid grass carp on a
commercially viable scale (Malone 1984), pioneered the Coulter Counter for blood testing
individual fish to ensure 100% triploid stocks, and initiated USFWS involvement in ploidy
inspection and verification (Mitchell and Kelly 2006). In 1985 the USFWS established a triploid
grass carp ploidy inspection program that opened the way to ship certified triploid grass carp
around the country (http://www.fws.gov/iwarmsprings/FishHealth/frgrscrp.html; Griffin 1991).
Triploid grass carp sales have grown to more than 400,000 fish per year with more than 30
states receiving USFWS certified triploid grass carp through 2004 (Mitchell and Kelly 2006).
From 2002-2004, more than 1.3 million triploid grass carp were shipped with USFWS
certification to more than 20 states for aquatic vegetation control (Mitchell and Kelly 2006).

2.3.3. Present Distribution and Abundance in the United States

Grass carp have been widely distributed throughout the United States. Grass carp are currently
reported in every state except Alaska, Rhode Island, Maine, Vermont, and Montana (Figure
2.3.3) primarily because they are deliberately stocked by various natural resources
management agencies and private pond owners as a cost-effective biological control for certain
nuisance aquatic plants, and due to their use in research projects, escape from aquaculture
facilities, and dispersal from introduced sites (Fuller et al. 1999). Grass carp are considered
established in Arkansas, Kentucky, lllinois, Louisiana, Missouri, Mississippi, Oklahoma,
Tennessee, and Texas (Courtenay 1993; Elder and Murphy 1997; Nico et al. 2006; personal
communication, Jeff Boxrucker, Oklahoma Department of Wildlife Conservation). Self-
sustaining populations of grass carp are established within or along the borders of at least nine
states, reproducing in rivers such as the Mississippi, Missouri, Ohio, and Trinity and some
tributaries (Elder and Murphy 1997; Schofield et al. 2005; Nico et al. 2006). Grass carp have
also been reported in Lakes Michigan, Erie, Huron, and Ontario (Cudmore and Mandrak 2004;
USGS 2006).

2.3.4. Present Uses within the United States

Diploid (i.e., fertile) and triploid (i.e., sterile) grass carp continue to be used as an effective
biological control for vegetation in lakes and ponds (Cassani 1996). Hoyer et al. (2005)
concluded “it is clear that if there was some cost-effective and selective method of removing
grass carp from a lake system before complete eradication of submersed aquatic vegetation
was accomplished then triploid grass carp would be an excellent method of hydrilla (Hydrilla
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verticillata) control for large and small lakes.” Although desired results are often hard to
achieve, biological control is often preferred to chemical or mechanical control. At least three
biotypes of hydrilla in 20 water bodies throughout central Florida have developed a resistance to
the herbicide fluridone (Michel et al. 2004; Hoyer et al. 2005). A hydrilla management workshop
to summarize management, control, and research options and recommendations was funded by
Florida LAKEWATCH in response to spreading fluridone resistance (Hoyer et al. 2005). As a
result of the workshop, the Florida Department of Environmental Protection, Bureau of Invasive
Plant Management, is funding a triploid grass carp risk analysis to determine whether these fish
can be effectively managed in open waters. The use of triploid grass carp may expand over
time in response to spreading resistance of hydrilla to fluridone.

Introduced Ranges:
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Figure 2.3.3. Distribution of grass carp in the United States as reported in the Nonindigenous Aquatic
Species database at the U.S. Geological Survey (USGS). Map reproduced from http://nas.er.usgs.gov/.

State natural resources management agencies, working with the USFWS, have used triploid
grass carp for aquatic vegetation control, particularly in those states with the most severe
aquatic vegetation problems. Many state fishery management agencies (34) offer some type of
guidance for stocking grass carp, with 23 states specifying a stocking rate and whether triploid
or diploid fish are allowed (Dauwalter and Jackson 2005). Grass carp are also used widely for
vegetation control by private aquaculture facilities; approximately 42% of catfish production
facilities use grass carp for vegetation control (APHIS 2003). A substantial trade in the species
exists for use in commercial aquaculture facilities, private ponds and lakes, public ponds and
lakes, and municipal irrigation projects. Triploid grass carp sales have grown to more than
400,000 fish per year with more than 30 states receiving USFWS certified triploid grass carp
through 2004 (Mitchell and Kelly 2006). Millions of dollars are spent on aquatic vegetation
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management in the United States annually (Greenfield et al. 2004). While many control
measures exist, the use of grass carp is the least expensive, costing $45 to $125 per acre
(Greenfield et al. 2004).

Grass carp are also polycultured with catfish for human consumption, and similar to bighead
carp, are sold from small specialty food markets to consumers of various Asian cultures in major
North American cities (Stone et al. 2000). Grass carp are more in demand by consumers, sell
for a higher price than bighead carp (Stone et al. 2000), and livehaulers view grass carp as
more profitable than bighead carp (Engle 1998b). However, grass carp are commonly stocked
in catfish ponds at 10 to 30 fish per acre compared to bighead carp that are stocked at 125 to
300 per acre (Engle 1998a).

Triploid grass carp can be considered sterile for management purposes (Nico et al. 2005).
Triploid female grass carp have greatly reduced ovaries and are functionally sterile (Thorgaard
and Allen 1987; Benfey 1999; Devlin and Nagahama 2002). In contrast, Doroshov (1986) and
Mager (1993) determined that triploid male grass carp undergo complete spermatogenesis,
however, they produce very low numbers of viable sperm. For grass carp, cytological studies
have demonstrated only about 60 viable spermatids for every billion cells, and that even with
artificial insemination using normal eggs from diploid females, no viable larvae were produced
(Allen et al. 1986; Allen and Wattendorf 1987; Van Eenennaam et al. 1990). The risk of triploid
grass carp successfully reproducing is only realized in populations where triploid males can
spawn with diploid females, and is very low (Allen et al. 1986; Doroshov 1986; Mager 1993).
The Grass Carp Ad Hoc Panel concluded that “triploids proposed for introduction are
considered functionally sterile and even when triploids are mated with diploids the offspring do
not develop or do not survive” (Chesapeake Bay Program 1994). Nico et al. (2001) indicated
that they were not aware of any research documenting reversion among grass carp or other
triploid fish. The induction of triploidy is less than 100% effective, requiring all fish to be
individually tested for ploidy determination and diploid fish removed. The effectiveness of
triploidy is, therefore, dependent upon the quality and integrity of the inspection and certification
processes to screen fish prior to shipping or stocking.

Thirty-eight states authorize triploid grass carp stocking for biological control of nuisance aquatic
vegetation and ten states allow diploids to be stocked, however twelve states (and the District of
Columbia) either prohibit possession or do not issue permits to authorize the use of grass carp
in their waters (Table 2.3.1; Dauwalter and Jackson 2005; personal communication, Jill
Popham, USFWS). Twenty-nine states restrict the stocking of grass carp to triploids only and
all but Tennessee require triploid grass carp to be certified.

Alabama, Arkansas, lllinois, lowa, Kansas, Mississippi, Missouri, Nebraska, and Oklahoma
allow private fish farmers to possess diploid brood stock for the production of diploid or triploid
grass carp. Indiana, Florida, Georgia, and Kentucky allow private fish farmers to possess
diploid broodstock for the production of triploid grass carp for sale (all diploid offspring produced
must be destroyed upon blood testing). California allows the Imperial Irrigation District to
maintain diploid grass carp broodstock for the production of triploids for use in California.
Culture of diploid grass carp as food fish is permitted in Alabama, Arkansas, lowa, Kansas,
Mississippi, Missouri, Nebraska, and Oklahoma (personal communication, Robert Glennon, J.
M. Malone and Sons Inc.).

In 1996 grass carp represented 8% of the total commercial harvest from the Mississippi and
Missouri Rivers (Nico et al. 2006). Grass carp had the fourth highest biomass (1,139 kg, 12%)
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Table 2.3.1. Summary of state grass carp importation regulations (current January 2006).
Information provided by the USFWS Triploid Grass Carp Inspection and Certification Program.

State Diploégrgrass Triplcc):i;jrrc);rass Gg;ﬁn(ézrp Ce-[triifri)clzc;tcilon
Required *
Alabama Yes Yes No No
Alaska No No Yes No
Arizona No Yes No Yes
Arkansas Yes Yes No No
California No Yes No Yes
Colorado Yes? Yes No Yes
Connecticut No Yes No Yes
Delaware No Yes No Yes
Florida No Yes No Yes
Georgia No Yes No Yes?®
Hawaii Yes Yes No No
Idaho No Yes No Yes
lllinois No Yes No Yes
Indiana No Yes No Yes
lowa Yes Yes No No
Kansas Yes Yes No No
Kentucky No Yes No Yes

! States marked with a “Yes” require triploid certification. Some of these states require USFWS
certification while others accept USFWS certification or an alternate triploid certification.

% Colorado only allows diploids in the eastern half of the state.

8 Georgia requires USFWS certification for fish shipped from Arkansas and Indiana producers.
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Table 2.3.1. Continued.

State Grzisr;l Oci::rp Triplggrgrass G?;ﬁnizrp Ce-[trilf? ::(Ztciloln
Required

Louisiana No Yes No Yes
Maine No No Yes No
Maryland No No No No
Massachusetts No No Yes No
Michigan No No Yes* No
Minnesota No No Yes No
Mississippi Yes Yes No No
Missouri Yes Yes No No
Montana No No Yes No
Nebraska Yes Yes No No
Nevada No Yes No Yes
New Hampshire No No Yes No
New Jersey No Yes No Yes
New Mexico No Yes No Yes
New York No Yes No Yes
North Carolina No Yes No Yes
North Dakota No No Yes No
Ohio No Yes No Yes

! States marked with a “Yes” require triploid certification. Some of these states require USFWS
certification while others accept USFWS certification or an alternate triploid certification.

* Michigan bans grass carp, but allows eggs to be imported for research purposes.




Table 2.3.1. Continued.

State G r[a)1isps| Oéir 0 Tripl ggrgrass G g:r?n%{ér P CeTrtr ilfriJ _Ic?alt?oln
Required
Oklahoma Yes Yes No No
Oregon No Yes No Yes
Pennsylvania No Yes No Yes
Rhode Island No No Yes No
South Carolina No Yes No Yes®
South Dakota No Yes No Yes
Tennessee No Yes No No
Texas No Yes No Yes
Utah No Yes No Yes
Vermont No No Yes No
Virginia No Yes No Yes
Washington No Yes No Yes
Wasgig?ton No No Yes No
West Virginia No Yes No Yes
Wisconsin No No Yes No
Wyoming No Yes No Yes

! States marked with a “Yes” require triploid certification. Some of these states require USFWS
certification while others accept USFWS certification or an alternate triploid certification.
® South Carolina conducts its own inspection of all triploid grass carp shipments entering the state.



of fish commercially caught from the Missouri River in lowa during 2003 (lowa Department of
Natural Resources 2003). Grass carp offer limited opportunities for recreational fishing;
however the fish is popular with some fly fisherman. Some states (such as Florida) require the
immediate release of grass carp caught in public waters.

2.3.5. Potential Adverse Effects

Grass carp are stocked to alter “undesirable” habitats by consuming nuisance aquatic
vegetation. However, Hoyer et al. (2005) concluded that there is “little hard evidence that
submersed aquatic plant control can be achieved with low density stocking of grass carp while
maintaining some submersed aquatic vegetation.” Grass carp are long-lived, are often
overstocked, and can result in unintended effects in both target and non-target locations
(Cassani 1996). High densities of grass carp have the potential to alter habitats significantly
and affect native communities adversely through interspecific competition with invertebrates and
other fishes; decrease refugia for aquatic organisms; modify preferred fish habitats; increase
nutrient enrichment and eutrophication of lakes; disrupt food webs and trophic structure; and
spread nonnative parasites and diseases (Nico et al. 2006). Given favorable conditions, diploid
grass carp may reproduce and create a self-sustaining population, while the effects of triploid
grass carp are limited to the life spans of the individual fish. Grass carp have been reported to
consume all available aquatic vegetation in some lakes (Froese and Pauly 2001). Grass carp
are also known to consume terrestrial vegetation (Kilgen and Smitherman1971; Terrell and Fox
1974) by digging into banks and uprooting riparian vegetation (personal communication, Duane
Chapman, USGS). This method of feeding damages banks and may cause erosion. Grass
carp have been associated with increased turbidity and alkalinity and reduced dissolved oxygen
as a result of their feeding behavior and removal of macrophytes (Lembi et al. 1978; Mitzner
1978; Leslie et al. 1983). Competition for vegetation has been documented to decrease
abundances of snails and cause significant declines in crayfish populations (Fedorenko and
Fraiser 1978; Chilton and Muoneke 1992). The removal of macrophytes can directly degrade
habitat for those fishes which depend upon aquatic vegetation for all or part of their life cycle,
such as northern pike (Esox lucius) and largemouth bass (Micropterus salmoides) (Taylor et al
1984; Chilton and Muoneke 1992). Although reports describing the effects on overall standing
crops of fish in ponds stocked with grass carp are conflicting, the standing crop of bluegill
(Lepomis macrochirus) was found to be significantly lower in ponds where grass carp were
introduced (Forester and Lawrence 1978).

Feral grass carp have been reported from rivers of the United States since 1970 (Mitchell and
Kelly 2006) and are no longer a risk of introducing nonnative pathogens within their current
range. However, additional importation of grass carp into the United States could introduce
nonnative pathogens with unknown potential consequences. Grass carp are known to host the
Asian tapeworm, a cestode parasite thought to be initially introduced into the United States with
imported grass carp (Hoffman and Schubert 1984; McCann et al. 1996; Hoole et al. 2001) or
common carp. The parasite has been documented in grass carp on fish farms in the United
States (American Fisheries Society 2004). Grass carp are highly migratory, transported across
watersheds, and widely stocked; factors that make this fish a concern for the further dispersal of
the Asian tapeworm in waters of the United States. Asian carps, along with common carp and
many native fishes, are known vectors of Asian tapeworm and hence should be inspected for
this parasite if Asian carp are to be stocked into a body of water where the parasite is not known
to be present. Infected fish should not be stocked into uninfected water bodies.
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A national risk assessment for grass carp has not been completed and state-level risk
assessments may still be needed where grass carp have not been reported or where the
species has not become established.

2.4. SILVER CARP

2.4.1. Biology

The silver carp (Figure 2.4.1) is large, deep-bodied,
and can grow to lengths of 1 m and weights of 27
kg. It has a moderately large and broad head
encompassing just less than 1/3 of its body size, a
toothless upturned lower jaw, and eyes located
below the axis of the body (Lin 1991; Pflieger

1997). Coloration of the body is generally silveron | AN A
the sides with a slate grey head and dorsal surface, Figure 2.4.1. Silver carp. Picture courtesy of
and the belly is white (Lin 1991; Pflieger 1997). USFWS, Carterville Fishery Resources Office.

Silver carp are native to several major Pacific drainages in eastern Asia (Fuller et al. 1999) and
prefer standing or slow flowing water of impoundments or river backwaters ranging in
temperature from 6-28°C. A very active, schooling species (Mukhamedova 1977; Kolar et al.
2007), silver carp are well known for their habit of leaping out of the water when disturbed
(Skelton 1993). Adult silver carp in the lower Missouri River usually use low velocity areas
behind wing dikes, especially areas > 3 m deep, and during the winter, occupied depths
between 1-5 m deep (unpublished data, Duane Chapman, USGS). Thousands of individuals
have also been observed in some off-channel areas of the Mississippi River (unpublished data,
Nate Caswell, USFWS). There are indications that silver carp can live in slightly brackish water
(FAO 1972; Kolar et al. 2007).

Silver carp very efficiently strain suspended material from the water with highly specialized gill
rakers that are fused into sponge-like porous plates (Robison and Buchanan 1988). They feed
primarily on phytoplankton, but also feed on zooplankton, invertebrates, detritus, and bacteria,
especially when phytoplankton abundance is low (Burke et al. 1986; Kolar et al. 2007). Silver
carp lack a true stomach which requires them to feed almost continuously (Henderson 1976).
Female silver carp reach sexual maturity at three to four years of age with a body weight of 7-14
kg, while males can reach maturity in two years with a body weight of 5-13 kg, however, this can
change significantly with environmental conditions. Spawning activity is associated with high
spring flows, and spawning areas have high water velocity, turbid water, and a temperature in
the range of 18-30°C; optimal water temperature for spawning is 22-28°C (Lin 1991). Silver
carp produce eggs that are semi-buoyant and require current to prevent the eggs from sinking
to the bottom. Floodplains associated with rising water levels provide nursery habitat areas for
larvae and juvenile forms (Lin 1991; Froese and Pauly 2001; Kolar et al. 2007). Egg production
per females varies with location and body size, ranging from 50,000 to 5,000,000 (Singh 1989;
Kamilov and Salikhov 1996; Froese and Pauly 2001).

2.4.2. Introduction to the United States

Silver carp were first brought into the United States in 1973 by a private fish farmer in Arkansas
(Freeze and Henderson 1982) as a potential biological control agent to improve water quality in
municipal sewage treatment lagoons and aquaculture ponds and as a food fish (Froese and
Pauly 2001). The initial specimens were trusted into the possession of the Arkansas Game and
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Fish Commission for evaluation (personal communication, Mike Freeze, Keo Fish Farm). By
1974-1975, silver carp were being evaluated by the Arkansas Game and Fish Commission,
Auburn University, and the Illinois Natural History Survey for use in municipal sewage treatment
lagoons, commercial fish production ponds, and swine manure lagoons, respectively.
Henderson (1983) recommended the use of bighead and silver carps to reduce municipal
sewage treatment plant operational costs and treatment pond size. At one time, six federal,
state, and private facilities in Arkansas raised silver carp and four municipal sewage lagoons
had been stocked with silver carp. The Arkansas Game and Fish Commission stocked 400
adult silver carp into Mallard Lake in 1983 for a phytoplankton control experiment. This same
lake was drained and treated with rotenone the next year during planned renovation. Some of
these silver carp may have entered the St. Francis River which drains into the Mississippi River
(personal communication, Don Brader, Arkansas Game and Fish Commission).

The reproducing populations of silver carp currently in the Mississippi River Basin could be the
result of escape from one or more sources, including: research facilities, municipal facilities,
universities, state hatcheries, and private fish farms. By 1981, feral silver carp were recorded in
seven locations in Arkansas (Robison and Buchanan 1988), including the White, Arkansas, and
Mississippi rivers. Since their introduction, silver carp have been reported in nearly every state
in the Mississippi River Basin and several states outside the basin. The first reported natural
reproduction of silver carp in the United States was from a ditch near Horseshoe Lake,
Alexander County, lllinois during 1995 (Pflieger 1997).

2.4.3. Present Distribution and Abundance in the United States

Silver carp have now been recorded from within or along the borders of at least 16 states
(Figure 2.4.2) and are self-sustaining within the Mississippi, Missouri and Ohio River drainages
(Kolar et al. 2007; Schofield et al. 2005). Established populations of reproducing and over-
wintering silver carp have been confirmed in 10 states (Nico 2005). Live silver carp have been
imported to several states outside of the Mississippi River Basin (e.g., Alabama, Florida, North
Carolina, and California).

The silver carp appears to be adapting very well to the temperate climates of the United States.
It continues to colonize in a northward direction and is spreading rapidly throughout the
Mississippi River Basin. Large numbers of fish and substantial natural reproduction have been
documented in off-channel and backwater habitats (MICRA 1999; unpublished data, Nate
Caswell, USFWS). The catch rates of silver carp in the Mississippi and lllinois rivers between
1993 and 2004 during standardized sampling by the Long Term Resources Monitoring Program,
an element of the USACE Environmental Management Program, have continually increased
and were highest during 2004 (USGS 2007).

It is difficult to predict the potential distribution of silver carp in the United States; however most
of the United States lies within the preferred latitudes of bighead carp (Figure 2.4.3). Based on
an examination of the present distribution of established and introduced populations around the
world, Kolar et al. (2007) conclude that silver carp have the potential to become established in
much of the continental United States. Life history traits of silver carp suggest they are well
adapted to large river systems such as those of the central United States. Limiting factors to
range expansions of reproducing populations are most likely access to rivers with moderate to
swift current of a length at least 100 km to fulfill spawning requirements, fairly high ionic
concentrations for successful egg incubation, and successful recruitment of larvae and juveniles
(Kolar et al. 2007).
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Figure 2.4.2. Distribution of silver carp in the United States as reported in the Nonindigenous Aquatic

Species database at the U.S. Geological Survey (USGS). Map reproduced from http://nas.er.usgs.gov/.

80 Tropical Wet

Semiarid Subarctic
Arid Tundra

| Mediterranean I Highlands
Marine W Coast lce

Humid Subtrop|
Tropical Dry M Cool Summer

Figure 2.4.3. The latitudinal range of silver carp projected across North America. The native range of
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silver carp in eastern Asia extends from approximately 21° N to 54° N (Kolar et al. 2007). Map modified

from www.theodora.com/maps.
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2.4.4. Present Uses within the United States

Silver carp are not presently being cultured in the United States, and have only occasionally
been cultured in the last 20 years (Kolar et al. 2007). While some believe silver carp have
potential as a food fish within the United States (Laird and Page 1996), silver carp are not
cultured, largely because of their jumping habits and poor handling qualities during production,
harvest, and transport (Kolar et al. 2007).

Henderson (1983) recommended the use of bighead and silver carps to reduce municipal
sewage treatment plant operational costs and treatment pond size. Due to their ability to
efficiently filter suspended material from water, silver carp have been stocked intentionally in
some states to improve water quality in lakes, aquaculture ponds, and wastewater systems
(Henderson 1978, 1979; Burke et al. 1986; Lieberman 1996; Kolar et al. 2007). Silver carp are
no longer raised or stocked as biological control agents to improve water quality in the United
States (personal communication, Mike Freeze, Keo Fish Farms). However, there is some
interest within the aquaculture industry in potentially producing silver carp on a commercial
scale in the future, especially as part of Partitioned Aquaculture Systems (personal
communication, Robert Glennon, J. M. Malone and Sons Inc.). All forms of live silver carp were
added to the list of injurious wildlife under the Lacey Act, prohibiting their importation and
interstate transport (except by permit), effective August 9, 2007.

Commercial harvest of silver carp is increasing in parts of the Mississippi River Basin. The
combined annual commercial harvest of bighead and silver carps from the Mississippi and
lllinois rivers within lllinois increased from less than 600 kg per year between 1988 and 1992 to
in excess of 50,000 kg per year since 1997 (Chick and Pegg 2001). The reported combined
commercial harvest of these fishes in 2003 was nearly 60,000 kg from the Mississippi River
alone and exceeded 338,000 kg in the lllinois River (Maher 2005). Wild-caught silver carp are
occasionally encountered in live fish markets (Kolar et al. 2007). There are on-going efforts by
commercial enterprises to develop products and establish markets for wild-harvested silver
carp.

2.4.5. Potential Adverse Effects

Although direct species interactions are not fully understood and competition is difficult to
document in large and dynamic river systems (Kolar et al. 2007), the potential of increasing
populations of silver carp to affect native species at all life stages is a concern. Silver carp are
believed to affect many native species adversely because they feed on plankton, the primary
food source for mussels, larval fish, and several adult fishes (Laird and Page 1996; Fuller et al.
1999). Sampson (2005) found dietary overlap between silver carp with gizzard shad and
bigmouth buffalo in the lllinois and Mississippi rivers. Silver carp have the potential to influence
large crustacean zooplankton negatively and to alter food web interactions, thereby potentially
affecting other native aquatic organisms (Kohler et al. 2005; Sampson 2005). Field studies to
investigate a decline in planktivorous species in areas with abundant silver carp populations are
lacking.

Feral silver carp have been reported from rivers of the United States since 1981 (Robinson and
Buchanan 1988) and are no longer a risk of introducing nonnative pathogens within their current
range. However, additional importation of silver carp into the United States could introduce
nonnative pathogens with unknown potential consequences. Scientists have found the Asian
tapeworm in silver carp stocks in the former USSR and Philippines (Kolar et al. 2007). Asian
carps, along with common carp and many native fishes, are known vectors of Asian tapeworm
and hence should be inspected for this parasite if Asian carp are to be stocked into a body of
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water where the parasite is not known to be present. Infected fish should not be stocked into
uninfected water bodies.

The spread of silver carp may be adversely affecting the existing commercial fishery in parts of
the Mississippi River Basin (Maher 2005). There is not yet a large market for silver carp in the
United States, but in some locations this species is becoming a more substantial portion of the
commercial catch (lowa Department of Natural Resources 2003; Maher 2005; personal
communication, Vince Travnichek, Missouri Department of Conservation). Commercial fishers
on the lllinois River reported a 124% increase in the harvest of bighead and silver carps
(reported as combined harvest) and a 35% decrease in buffalo harvest during 2002. Unless
economically viable markets develop, the establishment of large self-sustaining populations of
silver carp in the United States may compromise commercial fishing.

Silver carp pose a threat to human safety due to their jumping behavior when startled (Figure
2.4.4). These “flying carp” as some have called them (Skelton 1993; Pflieger 1997) have
caused numerous personal injuries and property damage to recreational boaters and fishers
(Kolar et al. 2007).

A recently completed environmental risk assessment, completed using methods described by
the Risk Assessment and Management Committee (1996), concluded that the overall organism
risk potential associated with silver carp was high (Kolar et al. 2007). The organism risk
potential is based on the probability of silver carp becoming established and the consequences
of silver carp establishment. The finding of high organism risk potential indicates that silver carp
are an organism of major concern and present an unacceptable level of risk. The probability of
silver carp establishment if released (high) was determined using the following factors:
probability of being within the pathway, probability of surviving transit, probability of successfully
colonizing and maintaining a population where introduced, and probability of spread beyond the
colonized area. The consequence of silver carp establishment (medium to high) was
determined using the following factors: estimation of economic effect if established, estimation
of environmental effect if established, and estimation of effect from social and/or political
influences.
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Figure 2.4.4. Sllver carp Jumplng below the Peoria Lock and Dam on the III|n0|s Rlver Plcture courtesy
of Mike Smith, lllinois River Biological Station, lllinois Natural History Survey.

33



CHAPTER 3. MANAGEMENT AND CONTROL OF
ASIAN CARPS

Strategies and recommendations developed by the Working Group to accomplish each of the
seven goals presented in Section 1.2 are discussed in detail within this chapter. A summary
table listing each of the recommendations is presented in Chapter 4 (Table 4.1, page 120).

Goal 3.1. Prevent accidental and deliberate unauthorized
introductions of bighead, black, grass, and silver
carps in the United States.

Feral and domestic stocks of Asian carps can be a source of fish for accidental or deliberate
unauthorized introductions, and represent a continued risk for spread and range expansion.
Currently, self-sustaining populations of bighead, grass, and silver carps are primarily confined
to the Mississippi River and its major tributaries (e.g., lllinois, Missouri, and Ohio rivers).
Preventing introductions into waters where these fishes do not already exist is of utmost
importance throughout the remainder of the United States (e.g., Great Lakes and Columbia
River basins). Efforts to prevent introductions are warranted to prevent potential adverse
ecological and economic effects and are generally more cost-effective than attempting to
manage and control a species once it has been introduced. Active control measures are
needed to prevent introduction or range extension, however consideration must be given to the
risks and costs/benefits to determine when actions are warranted.

To protect the Nation’s natural resources, but also allow for a viable aquaculture industry when
implemented, a framework for the responsible use of domestic stocks of Asian carps is
described. Bighead, black, and grass carps have unique beneficial uses for pond aquaculturists
and are in commercial trade. Efforts are warranted to develop improved methods for the safe
use of these species with the potential for minimal risk to the environment and to derive
ecologically safe and economically viable alternatives to their uses.

Prevention recommendations have been developed using a variety of factors considered by the
Working Group (Appendix 6.6). Differences in the biology and use of these various species
dictate that each species be addressed individually. Prevention recommendations differ
depending upon whether a particular species is absent, present without evidence of a
reproducing population, or self-sustaining in the wild. For species in commercial trade,
additional factors were considered in developing recommendations, including their intended use
(i.e., stocking for biological control or sales to live food markets).

Twenty-two pathways are discussed in this section, with strategies and recommendations
following each pathway. Risk levels for each pathway were developed by the prevention
section drafting team based on both the likelihood for an introduction to occur and the potential
for adverse ecological and/or economic effects (Table 3.1.1). Pathways and risk levels were
proposed based on the opinion of the prevention section drafting team. Although the full
Working Group agreed with all 22 pathways, there is agreement with only 6 of the 22 pathway
risk levels proposed by the prevention section drafting team. There is broad agreement that 1)
activities related to wild-caught baitfish, 2) domestic live transport and distribution of wild-caught
Asian carps, 3) poorly sited aquaculture facilities with Asian carps, and 4) stocking of diploid

34



Table 3.1.1. Twenty-two pathways identified by the Working Group are grouped according to
risk levels proposed by the Prevention drafting team.® Pathways within the different risk levels
are ordered alphabetically and not by relative risk. The six pathways with broad agreement
from the full Working Group are indicated in the right column.?

Prevention Drafting Team’s Proposed Highest Risk Pathways Working Group
Agreement

Accidental and deliberate unauthorized releases by individuals

Activities related to wild-caught baitfish Highest
Domestic live transport and distribution of wild-caught fish Highest
Illegal distribution and sales of diploid grass carp as triploid fish
Importation into the United States®

Poorly sited aquaculture facilities with Asian carps Highest
Stocking of diploid Asian carps into non-aquaculture waters Highest

Unintentional live transport “in water” by commercial vessels and recreational
watercraft

Unintentional live transport and distribution by natural resources management
agencies

Prevention Drafting Team’s Proposed Moderate Risk Pathways Working Group
Agreement

Aquarium/hobby industry

Commercial, domestic transport of live farm-raised Asian carps

Incidental inclusion of Asian carps in aquaculture shipments of other farm-raised
species to non-aquaculture waters

Research and educational facilities and projects

Unintentional shipment of black carp in diploid or untested triploid grass carp Moderate
stockings

Prevention Drafting Team’s Proposed Lowest Risk Pathways Working Group
Agreement

Incidental inclusion and potential release of Asian carps in farm raised baitfish

Incidental inclusion of Asian carps in domestic shipments of catfish to fish farms
Incidental inclusion of Asian carps in domestic shipments of food fishes

Incidental inclusion of Asian carps in international imports of other fishes

Intentional release of live, “adult-size” (non-baitfish) Asian carps by boaters, Low
anglers, and bow fishers

Properly sited aquaculture facilities

Stocking of triploid Asian carps into non-aquaculture waters for biological control

! Risk levels were proposed by the Prevention Drafting Team based on both the likelihood for an
introduction to occur and the potential for adverse ecological and/or economic effects.

% Consensus on pathway risk levels will be addressed early in implementation.

8 Importation “for commercial use” was proposed separately as a moderate risk pathway.
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Asian carps in non-aquaculture waters are among the highest risk pathways for introduction.
There is also broad agreement that the unintentional shipment of black carp in diploid or
untested triploid grass carp stockings is a moderate risk, while the intentional release of live,
“adult-size” (non-baitfish) Asian carps by boaters, anglers, and bow fishers presents a low risk
of introductions.

Such risks are important factors in the prioritization of recommended actions to address specific
pathways and prevent unauthorized introductions. To attain consensus in the pathway risk
rankings, a formal process could be used early in the implementation phase when
recommendations among all sections of the plan are integrated, sequenced, and prioritized
(Recommendation 3.7.1.3).

The pathways are presented by the following subject headings: 1) wild-caught baitfish; 2)
stocking for biological control in non-aquaculture waters; 3) boats, barges and ships; 4) natural
resources management actions; 5) importation into the United States; 6) aquaculture; 7) live
transport; 8) accidental and deliberate unauthorized releases by individuals, 9) aquarium /
hobby industry, 10) research and educational institutions; and 11) recreational boaters and
fishers.

1) WILD-CAUGHT BAITFISH

PATHWAY: Activities related to wild-caught baitfish

The transport and release of wild-caught baitfish by anglers and commercial dealers represents
one of the highest risk pathways for introduction of Asian carps because live fish can easily be
released into new waters. To the untrained eye, juvenile bighead and silver carps can be
difficult to distinguish from some species of native baitfish (e.g., gizzard shad). These species
have been documented in high abundances in some locations throughout the Mississippi River
Basin (e.qg., tailwaters and backwaters). Because of their abundance and natural behavior,
juvenile bighead and silver carps may be collected with, or in place of, native bait fish. Although
less likely to be collected than bighead and silver carps, juvenile grass carp may be collected
with wild-harvested native baitfish. Dumping or releasing unwanted, unused live baitfish is a
pathway of concern for any aquatic nuisance species. Effective information programs,
regulations, and enforcement are all essential components for controlling this pathway.

Strategy 3.1.1. Take actions to prevent the collection, transport, release, and improper
disposal of Asian carps that may be intermixed with live wild-harvested baitfish.

Recommendation 3.1.1.1. Assist states to develop, promulgate, and enforce
regulations that manage the harvest, transport, import, trade, and release of live
wild-harvested aquatic bait.

Dumping or releasing unused live baitfish is a common practice among anglers. Eggs,
larvae, and juvenile Asian carps can be transferred rapidly and easily between
watersheds or upstream over dams when intermixed with wild-harvested baitfish. A
single commercial baitfish dealer potentially can ship baitfish contaminated with Asian
carps to locations in multiple states.

Some states allow baitfish collected from the wild to be held in private holding ponds. In
Michigan, anytime fish are held in this manner for commercial purposes the business is
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required to be licensed as an aquaculture facility. Once these fish are placed in a
holding pond they become the private property of the aquaculturists and are then
considered “farm raised” and not wild caught. Most of the non-resident licensed minnow
wholesalers supplying Michigan are aquaculture facilities that ship a combination of wild
caught and “farm raised” minnows. Wild caught baitfish held in holding ponds and later
distributed as “farm raised” minnows present similar risks as wild caught baitfish.

State regulations are needed to ensure that baitfish harvest, transport, release, and
disposal does not expand existing populations or establish new populations of Asian
carps or other nonnative biota. To prevent the unintentional introduction of Asian carps
or other nonnative biota, states should employee a suite of regulations that:

o Require exporters and importers of live baitfish to implement Hazard Analysis
and Critical Control Point planning (http://haccp-nrm.org/) for all shipments of live
baitfish.

e Limit the transport and importation of live baitfish to specific approved species by
developing a list of bait species approved for importation (i.e., “Clean List").

¢ Require all shipments of live baitfish within their state to be certified as containing
Nno nonnative or aguatic nuisance species.

Require proper disposal of all unwanted live bait.

¢ Prohibit the release of live baitfish into waters.

Address the waters used to transport baitfish to prevent the transport of Asian
carp eggs, larvae, and other nonnative biota.

States may also want to consider stricter regulations, however certain regulations may
be more difficult to enforce. Development of appropriate regulations should be
coordinated with respective law enforcement personnel. Potential regulations might
include but are not limited to:
o Prohibit the possession and/or transport of live wild-caught Asian carps.
o Restrict the use of wild-caught live baitfish by anglers to the immediate
waterbody where collected.
o Prohibit the transport of wild-caught baitfish contaminated with Asian carps or
collected from waters known or suspected of having any species of Asian carp.

Information awareness campaigns to change commercial and recreational baitfish
harvester ethics and law enforcement will be needed to support regulations.

Recommendation 3.1.1.2. Explore the use of baitfish grown in monoculture, and
certified to be disease-free and uncontaminated by other aquatic species.

Baitfish grown in monoculture, and certified disease-free and uncontaminated by other
aguatic species may provide states with an alternative to the risks associated with wild
baitfish harvest and transfer. Natural resources management agencies and
aguaculturists should work together to explore the feasibility of producing, certifying, and
shipping monocultured baitfishes as alternatives to wild-harvested baitfish.

Recommendation 3.1.1.3. Develop and provide information to commercial and

recreational baitfish harvesters that will help prevent accidental and deliberate
unauthorized introductions of Asian carps.
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An information module and educational materials are needed to assist commercial and
recreational baitfish-harvesters in reducing the risk of accidental and deliberate
unauthorized introductions of Asian carps. Commercial and recreational baitfish
harvesters should be engaged to ensure that their specific education and outreach
needs, and how to most effectively meet these needs, are understood.

Currently, training in Hazard Analysis and Critical Control Point planning specific to
aguatic nuisance species is provided by both the National Sea Grant College Program
(Gunderson and Kinnunen 2004) and the USFWS (http://haccp-nrm.org/) for
implementation by the baitfish community, natural resources management agencies, the
aguaculture industry, researchers, and enforcement officers. The training could be
adapted more specifically for baitfish harvesters in watersheds with Asian carps.
Various WATCH cards, fact sheets, and posters are also available for baitfish
harvesters. Information materials could be made available with both commercial and
sport licenses, at bait shops, marinas, and boat ramps.

2) STOCKING ASIAN CARPS FOR BIOLOGICAL CONTROL IN NON-
AQUACULTURE WATERS

Note: For the purposes of this plan, the Working Group divided waters into two categories:
aquaculture and non-aquaculture waters. Aquaculture waters include those bodies of water that
are part of a commercial aquaculture facility, while non-aquaculture waters are inclusive of all
other waters, including natural and man-made waters, and open and closed systems.

While bighead, grass, and silver carps have been stocked for biological control in the past, only
grass carp are currently stocked for biological control in “non-aquaculture” waters.

PATHWAY: Stocking of diploid Asian carps into non-aquaculture waters for biological
control

The stocking of diploid Asian carps into non-aquaculture waters for biological control is among
the highest risk pathways for introducing these fishes into new waters. Because diploid and
triploid Asian carps are referred to throughout this chapter a brief explanation of these terms is
provided here. In the diploid (2n) state, the natural condition for Asian carps, a double set of
chromosomes occurs in each cell. Diploid Asian carps have the potential to spawn and
establish reproducing populations in the wild. Techniques have been developed to manipulate
chromosome sets and develop triploid (3n) individuals with three sets of chromosomes in each
cell for the purpose of producing sterile fish. Triploids are morphologically indistinguishable
from diploids (Thorgaard and Allen 1987). Induced triploidy leads to varying degrees of sterility
in some fish species (Kapuscinski and Patronski 2005) meaning that triploid of some species
may successfully reproduce in the wild. Triploid grass carp are functionally sterile and can be
considered sterile for management purposes (Allen et al. 1986; Allen and Wattendorf 1987;
Thorgaard and Allen 1987; Van Eenennaam et al. 1990; Benfey 1999; Devlin and Nagahama
2002; Nico et al. 2005). Techniques to produce triploid bighead, black, and silver carps have
been developed; however the functional sterility of these fishes needs to be rigorously evaluated
through peer-reviewed research.

Strategy 3.1.2. Take actions to prevent the stocking of diploid Asian carps into non-
aguaculture waters for biological control.
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Bighead and silver carps were stocked in sewage treatment lagoons and natural waters by state
and federal agencies in the 1970s, but have not been stocked for biological control in recent
decades. Black carp have never been stocked in natural waters for biological control in the
United States. Ten states allow stocking diploid grass carp for biological control of nuisance
aguatic vegetation (Table 2.3.1, page 25; Dauwalter and Jackson 2005; personal
communication, Jill Popham, USFWS).

Recommendation 3.1.2.1. Encourage states to develop regulations that prohibit
the stocking of any diploid Asian carps into non-aquaculture waters for biological
control.

Diploid Asian carps should not be stocked as biological controls in any open waters and
regulations to prohibit future stockings of bighead, black, grass, and silver carps are
warranted. Scientific information on the effects of reproducing grass carp populations in
the Mississippi River Basin can be assembled and distributed to state natural resource
agencies in those states which still permit stocking diploid grass carp, to provide those
agencies with data that would assist in decision-making relative to sales and use of the
diploid fish. Continued stocking of diploid Asian carps is counterproductive to efforts to
contain and reduce feral populations. However, triploid grass carp are more expensive
than diploids and therefore regulations that prohibit stocking diploid grass carp will
create a higher cost for consumers, including state natural resources management
agencies and private pond owners. This may be especially true for some limited
resource landowners who use grass carp to manage aquatic vegetation in recreational
or farm ponds. However, triploid grass carp remain a relatively low-cost alternative
compared to other methods of aquatic vegetation control (i.e., chemical or mechanical).

Recommendation 3.1.2.2. Remove or contain diploid Asian carps that have been
previously stocked into non-aquaculture waters for biological control.

Encourage states to identify where diploid Asian carps have been previously stocked in
non-aquaculture waters for biological control. States should evaluate the risk of existing
diploid Asian carps introducing or expanding feral populations and determine if
measures to contain or remove fish are warranted. Where warranted, containment
and/or control measures should be implemented.

PATHWAY: lllegal distribution and sales of diploid grass carp as triploid fish

Triploid grass carp are more expensive to produce and are sold at approximately 2-3 times the
price of diploid fish (personal communication, Mike Freeze, Keo Fish Farm). Most states that
require triploid grass carp for biological control are only able to inspect a small percentage of
grass carp shipments within the state. Recent law enforcement cases support the concern that
diploid grass carp have been sold fraudulently as triploid fish and stocked into open waters.

Some states employ measures such as the USFWS Triploid Grass Carp Certification and
Inspection Program (http://www.fws.gov/warmsprings/FishHealth/frgrscrp.html) for assurances
that shipments of triploid grass carp do not contain diploid fish. Many states attempt to prevent
the introduction and establishment of diploid grass carp within their borders, while others do not
take effective measures to enforce regulations. Reasons for less than effective enforcement
include 1) insufficient numbers of law enforcement personnel; 2) lack of access to the
expensive, sophisticated equipment required to determine ploidy; or 3) diploid grass carp are
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regarded with low concern because diploid populations are already widespread in many
watersheds in the United States.

The economic incentive for people to fraudulently sell diploid grass carp as triploids,
accompanied by a frequent lack of enforcement, perpetuate the potential for unauthorized
introductions of diploid grass carp.

Strategy 3.1.3. Take actions to prevent illegal sale, shipping, and stocking of diploid
grass carp as triploid grass carp.

Recommendation 3.1.3.1. Encourage states that allow the legal importation of
grass carp to adopt consistent, uniform regulations that allow only certified
triploid grass carp to be shipped or stocked.

Consistent regulations requiring shipment and stocking of certified triploid grass carp
only, combined with state enforcement, could eliminate most of the sources of fraudulent
sales. Possession of diploid grass carp can be prohibited or restricted through permits
to licensed or authorized triploid grass carp producers. In the absence of markets for
diploid fish, the majority of distributors, wholesalers, and retailers will not have a need to
possess, or be tempted to fraudulently sell, diploid grass carp.

States should work together, possibly through the Association of Fish and Wildlife
Agencies, to ensure that unauthorized stockings of diploid grass carp are effectively
prevented. Diploids that escape into the wild in one state may migrate to a state that is
effectively preventing or controlling the establishment of feral populations within or along
its borders.

Recommendation 3.1.3.2. Encourage states to conduct routine and random
inspections of all live grass carp shipments within the state.

Shipments of live grass carp frequently enter or move within many states. All states
should be encouraged to develop and enforce regulations regarding sales, shipping, and
stocking grass carp. Natural resources management agencies should require the
inspection of shipments of live grass carp (and other Asian carps) to enforce and
encourage compliance with existing or new regulations.

Live fishes are a commodity, and inspections will require carefully planned and executed
procedures to prevent the loss of capital. Liability should not prevent the inspection of
shipments, but should promote the use of good judgment, and development and testing
of efficient inspection procedures to prevent delays and loss of product.

Recommendation 3.1.3.3. Encourage the USFWS to provide ploidy determination
for states conducting inspections of grass carp shipments.

The USFWS Triploid Grass Carp Inspection and Certification Program does not have an
enforcement component and is dependent upon states to inspect shipments and enforce
state regulations regarding importation of the species. However, many states do not
have the equipment or expertise to determine ploidy of fish in inspected shipments and
may need assistance to provide for enforcement of regulations.

The USFWS should consider providing regional assistance to states, perhaps through
National Fish Technology or Fish Health Centers. The USFWS currently has the
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expertise and equipment to determine grass carp ploidy in some Regions and the
capability for development in all Regions. The USFWS was authorized by Congress
(Public Law 104-40; November 1, 1995) to “charge reasonable fees for expenses to the
federal government for triploid grass carp certification inspections.” Triploid grass carp
producers who choose to participate in the Triploid Grass Carp Inspection and
Certification Program are charged fees based on the numbers of fish inspected, plus
travel costs for the inspector. Contingent upon demonstration of economic feasibility, it
is recommended to build additional fees into the Triploid Grass Carp Inspection and
Certification Program to reimburse the USFWS for ploidy determination as part of
random state inspections of interstate shipments of certified triploid grass carp.

PATHWAY: Unintentional shipment of black carp in diploid or untested triploid grass
carp stockings

The Working Group agreed that the unintentional shipment of black carp in diploid or untested
triploid grass carp stockings represents a moderate risk for the introduction of black carp into
new waters. Black and grass carps are similar in appearance, especially when the fish are
small. Although black carp are produced legally at a very limited number of facilities, it is
common for facilities that produce black carp to also produce grass carp.

When produced and sold in large numbers, the possibility does exist for some mixing of black
and grass carps. The extent of such occurrence is unknown. Release of black carp in a
shipment of grass carp is a high-risk to the environment given that stocking often occurs in
public waters. Black carp contained in the shipment and subsequently released would
constitute a range expansion of feral populations of this species. The shipment and stocking of
diploid grass carp and uncertified triploid grass carp present the greatest opportunity for
unintentional stockings of black carp. Diploid and uncertified triploid grass carps are handled in
bulk at harvest and individual black carp intermixed with these fish could go undetected. The
unintentional stocking of black carp in a shipment of certified triploid grass carp is much less
likely given that each fish is individually screened for ploidy. The nuclear diameters of blood
cells from triploids of both black and grass carps and of diploids of both species are essentially
the same according to flow cytometer data and coulter counter data (personal communication,
Mike Freeze, Keo Fish Farm). A black carp would thus have to be misidentified by screeners as
a grass carp and be a triploid individual for it to be included in the lot of triploid grass carp.

Although the production of black and grass carps at the same facility provides a pathway for the
unintentional introduction of black carp, the pathway can be managed to reduce this risk.

Strategy 3.1.4. Take actions to prevent the shipment of live black carp in grass carp
shipments.

This strategy is addressed by Recommendation 3.1.3.1: Encourage states that allow the legal
importation of grass carp to adopt consistent regulations that allow only certified triploid grass
carp to be shipped or stocked.

PATHWAY: Stocking triploid Asian carps into hon-aquaculture waters for biological
control

Grass carp can cause secondary effects on biological communities as a consequence of

vegetation changes (Bain 1996). The use of triploid grass carp is not without ecological risks,
although those risks are greatly reduced compared to using diploid grass carp. Thirty-eight
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states authorize triploid grass carp stocking for biological control of nuisance aquatic vegetation
and ten allow diploids, however twelve states (and the District of Columbia) either prohibit
possession or do not issue permits to authorize the use of grass carp in their waters (Table
2.3.1, page 25; Dauwalter and Jackson 2005; personal communication, Jill Popham, USFWS).
Grass carp are migratory and have the potential to affect non-target waters long distances from
their place of introduction into open systems. Inconsistent state regulations can result in
unintended consequences in states that share connected waters.

As previously discussed in Strategy 3.1.2, bighead and silver carps were stocked in non-
aquaculture waters for biological control during the 1970’s. Actions are warranted to address
past and future stocking of all Asian carps in non-aquaculture waters for biological control.

Strategy 3.1.5. Take actions to address stocking triploid Asian carps into non-
aguaculture waters for biological control.

Recommendation 3.1.5.1. Encourage states to prohibit stocking triploid bighead,
black, and silver carps for biological control in non-aquaculture waters.

Bighead, black, and silver carps are not currently stocked into non-aquaculture waters
for biological control and states should develop regulations to prohibit future stocking.

Recommendation 3.1.5.2. Encourage states to allow stocking triploid grass carp
for biological control in non-aquaculture waters only within watersheds where
grass carp are already present in the wild.

Stocking triploid grass carp should be prohibited in watersheds where grass carp are not
present in the wild to prevent introductions into currently uninvaded waters. In
watersheds where grass carp are present, states should restrict stocking grass carp for
biological control in non-aquaculture waters to certified triploids only to limit potential
range expansion of reproducing populations. Implementing this recommendation may
adversely effect some limited-resource landowners who might otherwise use grass carp
to manage aquatic vegetation in recreational or farm ponds. Implementation of this
recommendation may also encourage greater use of chemical herbicides.

Recommendation 3.1.5.3. Remove or contain triploid Asian carps that have been
previously stocked in non-aquaculture waters within watersheds where the fish
are not currently self-sustaining in the wild.

Encourage states to identify waters where triploid Asian carps have been stocked in
non-aquaculture waters, but within watersheds where the fish are not currently self-
sustaining in the wild. States should evaluate the risk of triploid Asian carps escaping
from stocked waters and determine if measures to contain or remove the fish are
warranted. Implementation of this recommendation may have the same adverse effects
as those identified for Recommendation 3.1.5.2.

Strategy 3.1.6. Take actions to ensure that stocking triploid grass carp for biological

control does not result in accidental or deliberate unauthorized introductions of diploid
grass carp.
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Recommendation 3.1.6.1. The USFWS should seek an independent scientific
review and evaluation of the Triploid Grass Carp Inspection and Certification
Program.

An “overwhelming support from state conservation and fish and game agencies from
about 20 states” in the 1990s resulted in Congress passing the Triploid Grass Carp
Certification Act of 1995 (Mitchell and Kelly 2006). Twenty-seven states currently rely on
the USFWS Triploid Grass Carp Inspection and Certification Program (Program) to
prevent accidental or deliberate unauthorized stockings of diploid grass carp as triploids
(Table 2.3.1, page 25; personal communication, Jill Popham, USFWS). Throughout this
plan, the Working Group recommends the planned use of triploid grass carp within
watersheds where grass carp are present in the wild. The effective use of triploids to
prevent self-sustaining populations from becoming established is dependent upon the
effectiveness of inspection programs to identify and remove diploid fish.

The USFWS and triploid grass carp inspectors have worked together to develop
reasonable and effective standards for the Program. An independent scientific review is
warranted to evaluate the effectiveness of this widely used Program and to recommend
reasonable actions that would improve the integrity, efficiency, and effectiveness of the
Program. The USFWS should request an independent scientific review of the Program
from the American Fisheries Society and the United States Aquaculture Society or other
appropriate groups. Recognized experts in triploidy induction and reproductive
physiology of grass carp should be included on the review team. Producers and natural
resources managers alike favor a program of high integrity and effectiveness that
provides reliable assurances to the receiving states.

Recommendation 3.1.6.2. Develop and provide information on the USFWS
Triploid Grass Carp Inspection and Certification Program.

An information module should be developed on the Program, its operation, and its
effectiveness at protecting our natural resources. The primary audiences for this module
are natural resources managers, fish farmers, and the general public. The module
should include a presentation on the Program that can be delivered to natural resources
managers at regional and professional society meetings. In addition, state natural
resources management agencies should be actively involved in meetings of producers
and inspectors. Fish farmers and the public often ask why triploid grass carp are either
recommended or required for biological control as their cost is much greater than
diploids. This is especially true throughout portions of the Mississippi River Basin where
feral grass carp have established reproducing populations in numerous rivers.

An effective module will increase participation and understanding of the need, benefits,
and limitations of the Program among the public and natural resources management
agencies. An improved understanding by consumers should result in increased support
and compliance with efforts to prevent introductions of diploid grass carp. Eliminating
the source of fertile grass carp that may escape into the wild is an important step toward
the control of feral populations.

The standards for the Program are available on the Internet at
http://www.fws.gov/warmsprings/FishHealth/frgrscrp.html. This web site could be
expanded to provide additional information developed as part of the Program
informational module.
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The USFWS should be the lead agency to develop this module, with participation and
assistance from triploid grass carp producers. Development of this module should be
coordinated by USFWS employees that participate in the Program.

3) BOATS, BARGES, AND SHIPS

PATHWAY: Unintentional live transport “in water” by commercial vessels and
recreational watercraft

Boats, barges, dredges, and ships are potential vectors for the distribution and expansion of
aguatic nuisance species. Commercial vessels and recreational watercraft certainly can
transport and release planktonic organisms, nuisance plants, and macroinvertebrates; however,
their potential for the transport and release of viable Asian carp eggs or larvae is uncertain.
More than 25,000 miles of navigable rivers and canals, of which 12,000 miles are operated and
maintained by the federal government as commercial waterways, provide access between
numerous interconnected watersheds in 41 states (Tennessee-Tombighee Waterway
Development Authority 1999). Vessels and watercraft, using the Inland Waterway System, are
a potential pathway for expanding the distribution and range of feral Asian carps. It is uncertain
if viable Asian carp eggs and larvae could be unintentionally transported beyond dispersal
barriers (Recommendation 3.2.2.3) by vessels or watercraft. Research is needed to fully
understand the potential for vessels and watercraft to transport viable Asian carp eggs and
larvae to new waters, including waters upstream of dispersal barriers.

Strategy 3.1.7. Take actions to prevent the transport and release of Asian carps by
commercial vessels and recreational watercraft.

Recommendation 3.1.7.1. Investigate fully the risks associated with ballast water
transfers or other means of water transfer by commercial vessels and recreational
watercraft.

This potential threat warrants immediate actions to understand the full risk potential that
boats, barges, dredges, and ships pose as a vector for expanding feral populations of
Asian carps. Bilge, seep, and live well waters are generally taken on in one location and
pumped out or released in another, potentially miles or watersheds away. If viable eggs
and larvae can be transported and released through bilge, seep, or live well waters, this
pathway has the potential to disperse Asian carps throughout the Inland Waterway
System and all waterways in the United States. The transfer of water by commercial
and recreational vessels must be researched and understood to recommend
management actions to address this potential pathway. The risk of introducing Asian
carps or other nonnative organisms, and the potential pragmatic solutions to prevent this
potential pathway will likely differ between commercial vessels and recreational
watercraft.

Recommendation 3.1.7.2. Inform boaters, barge operators, and others of the risks
of moving infested water and encourage voluntary actions to reduce this risk.

Informing commercial and recreational vessel operators of the risks of moving infested

water is warranted to encourage voluntary actions that reduce the risk of unintentional
transfers and introductions. Continue to seek partners for, and spread the message of,
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the national “Stop Aquatic Hitchhikers!” campaign. Programs of the 100" Meridian
Initiative, which is intended to prevent the westward spread of aquatic nuisance species,
are applicable to preventing the unintentional spread of Asian carps and provide model
programs for other parts of the United States.

4) NATURAL RESOURCES MANAGEMENT ACTIONS

PATHWAY: Unintentional live transport and distribution by natural resources
management agencies

Natural resources management agencies routinely sample aquatic organisms and their habitats,
and implement management actions to sustain ecosystems. The nature of the biologist’s job
involves working in the ecosystem, which presents risks to species and their habitats. Among
these risks is the potential for management actions to provide a pathway of introduction to
aguatic nuisance species, including Asian carps. Natural resources management actions are
considered a likely pathway because of the frequency with which biologists and technicians
come into contact with Asian carps and the potential for biologists to travel throughout and
among different waters in a short period of time. The potential to transfer eggs and larvae
unintentionally in residual waters, and to misidentify juvenile fish, is a risk that natural resources
managers must recognize and work to prevent.

Strategy 3.1.8. Take actions to prevent the unintentional transport, release, or disposal
of Asian carps by natural resources managers during management activities.

Recommendation 3.1.8.1. Natural resources managers should employ pathway
management tools, such as Hazard Analysis and Critical Control Point planning in
the review of Standard Operating Procedures, to prevent introductions of Asian
carps through natural resources management related pathways.

Natural resources managers should review Standard Operating Procedures and adapt
pathway management tools where necessary to reduce the risk of unintentionally
transferring Asian carps, and other aquatic nuisance species. Hazard Analysis and
Critical Control Point planning is a pathway management tool adopted by natural
resources management agencies to identify risks of aquatic nuisance species
introductions and to implement procedures that prevent the unintentional spread of
species.

Recommendation 3.1.8.2. Develop and provide information to natural resources
managers and field staff that will help prevent unintentional introductions and
spread of feral Asian carps.

An information module and outreach products to help reduce the risk of accidental or
deliberate unauthorized introductions by natural resources managers is needed. These
groups can include state, federal, international, and tribal agencies, private (non-
governmental) organizations, and businesses. Natural resources managers, particularly
field biologists and technicians, must be adequately trained in the identification of all
species and life stages of Asian carps, as well as, Hazard Analysis Critical Control Point
planning.
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Natural resources managers must seek and share current information on the distribution
of feral Asian carp populations. Mechanisms for information exchange must be
identified, developed, and utilized. Natural resources managers should be informed
about Asian carps and other aquatic nuisance species in the locations where work is
being conducted. Informed and trained natural resources managers not only reduce the
risk of unintentional introductions, but are effective sentinels for early detection.

Hazard Analysis Critical Control Point planning is currently implemented by the USFWS
at many national fish hatcheries and fisheries management assistance field offices with
training offered nationally to all natural resources management agencies (http://haccp-
nrm.org/). This training could be used more specifically for technicians and biologists in
watersheds with Asian carps as a long-term solution to preventing unintentional release.
Opportunities to participate in these training programs are currently available and should
be utilized immediately. Field biologists and technicians should receive copies of
WATCH cards and fact sheets, and participate in Asian carp presentations.

5) IMPORTATION INTO THE UNITED STATES

PATHWAY: Importation into the United States

There have been only a limited number of legal importations of Asian carps for commercial
aguaculture use in the United States (personal communication, Mike Freeze, Keo Fish Farm).
Currently, there are fertile stocks of bighead, grass, and silver carps available from the wild and
bighead, black, and grass carp broodstock are available from a few commercial hatcheries.
lllegal imports are of concern because of the risk that appropriate safeguards to avoid
accidental or deliberate unauthorized introductions will not be used. In addition to illegal
imports, legal importations to facilities outside of the established ranges of Asian carps in the
wild present risks of introduction or range expansion.

Live Asian carp may also be imported for purposes other than commercial aquaculture including
such uses as human consumption, deliberate unauthorized stocking or release, and collection
by aquarium or water garden hobbyists. The Internet and mail service makes it easy to buy,
sell, and even import live fish, including Asian carps. Importers, through the Internet, catalog,
and other means, may be unaware of laws and problems associated with Asian carps, and may
present unique issues or problems for prevention actions. Small shipments of Asian carps may
be more difficult to detect, and Internet sellers may be more difficult to inform and regulate. The
extent of such imports is unknown, but the potential distribution and release of live Asian carps
threatens all watersheds in the United States.

The USFWS has been petitioned to list the bighead, black, and silver carps as injurious wildlife
under the Federal Lacey Act and is evaluating these species to make determination
recommendations. The results of these potential injurious wildlife listings would affect federal
regulations pertaining to international import of these fishes, including the offspring and eggs of
these species. The USFWS added all forms of live silver carp to the list of injurious wildlife
under the Lacey Act, prohibiting their importation and interstate transport (except by permit),
effective August 9, 2007.

Strategy 3.1.9. Take actions to prevent the illegal importation and prohibit the legal
importation of live bighead, black, grass, and silver carps into the United States.
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Recommendation 3.1.9.1. Prohibit international importation of Asian carps under
federal and state regulations, except for research purposes under a controlled
permit.

Imports of live fish and eggs into the United States must be declared to the United
States Customs and Border Protection (USCBP) Agency, USFWS, or other federal
agency. State regulations and permits for the importation of Asian carps will reinforce
federal regulations and help ensure that appropriate safeguards against release into the
wild are in place.

All states should be urged to maintain or develop state regulations that prevent future
importation of all Asian carps, except for research purposes. Any importation for
research purposes should be allowed only under permits to institutions that have been
specifically designed and constructed to confine the fish and prevent the accidental
escape of all life stages. States, USFWS, and other federal agencies should work
collaboratively in preventing the import of state prohibited species.

Prohibiting the international importation of Asian carps will not have an adverse effect on
aquaculture related businesses since domestic stocks of these fishes are readily
available. The aquarium and hobby trades are potential importers of Asian carps;
however, Asian carps rarely are found in the aquarium trade and, thus, there should be
no adverse effects to the pet industry.

Recommendation 3.1.9.2. Inform USFWS Law Enforcement Officers, other federal
inspectors, and state conservation law enforcement officers about laws that apply
to the import of live Asian carps, the importance of preventing the illegal import of
Asian carps, and Asian carp identification.

An information awareness campaign is needed to alert USFWS Officers, other federal
inspectors, and state conservation law enforcement officers that Asian carps are
nuisance species and regulations may apply to their importation. Further, federal
inspectors and state and federal officers should establish regular dialogue and work in
partnerships to prevent illegal imports of Asian carps. It will be necessary to develop
and maintain current information that lists which Asian carps are legal or illegal to import
into individual states, and applicable federal laws.

Recommendation 3.1.9.3. Inform potential importers of applicable state and
federal laws and associated risks with international shipments of live Asian carps.

An information module and outreach materials are needed to alert importers to the fact
that Asian carps are nuisance species, regulations may apply to their importation, and of
the potential adverse effects of imported fish to wild and/or captive fishes. Fish
importers should be engaged to ensure that their specific education and outreach needs,
and how to most effectively meet these needs, are understood. Implementing this
recommendation will enable agencies to deter importers from legally or illegally
importing Asian carps. It will be necessary to develop and maintain current information
that lists which Asian carps are legal or illegal in individual states, and applicable federal
laws.
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Recommendation 3.1.9.4. Increase the numbers of trained USFWS Law
Enforcement Officers and increase physical inspections of international
shipments of live fish and eggs at desighated or non-designated ports of entry.

All imports of live fish should be physically screened by trained USFWS Officers to
ensure that only the species declared are shipped. An increase in the number of trained
USFWS Officers is warranted due to the number of live fish imports into the United
States. At a minimum, increased random physical inspections and screenings for exact
matches to declared contents should be conducted. If Asian carps or other aquatic
nuisance species are detected in a shipment but are not declared or are prohibited, the
shipment should be denied entry into the United States. State regulations banning the
importation of Asian carps would also help USFWS Officers to seize shipments
containing Asian carps in violation of a receiving state’s laws.

PATHWAY: Incidental inclusion of Asian carps in international imports of other fishes

Millions of live fish are imported annually into the United States for both commercial and non-
commercial uses. Imported shipments of live fish and eggs into the United States must be
declared to the USCBP, USFWS, or other federal agency and inspected at a designated port of
entry by a USFWS Officer, except under special permit. However, most inspections focus on
import paperwork only and do not include a physical inspection of the package. Declared
shipments must indicate the scientific names, country of origin, and quantity for each species in
the shipment. Limited physical inspections primarily screen for humane shipment of live fish,
and for threatened and endangered species or injurious wildlife. Physical inspections of all
imports are needed to verify the contents of shipments with paper work declarations.

Each shipment of live fish into the United States provides an opportunity for non-target species,
including Asian carps and other aquatic nuisance species, to enter the country. Actions are
warranted to provide some level of Quality Assurance and Quality Control that importations do
not contain non-target species.

Strategy 3.1.10. Take action to prevent the incidental inclusion of live Asian carps in
international imports with other fishes.

This pathway is addressed by Recommendations 3.1.9.1, 3.1.9.2, 3.1.9.3, and 3.1.9.4.

6) AQUACULTURE

PATHWAY: Poorly sited aquaculture facilities with Asian carps

The Working Group defined poorly sited, high risk, aquaculture facilities as those with ponds
that are 1) connected to or dependent on open, natural bodies of water or 2) subject to flooding.
There is a high-risk that Asian carps will escape from poorly sited facilities to the wild due to the
lack of adequate safeguards to prevent escape, the volume of water flowing from the production
unit, or because production units are prone to flooding.

Aquaculture, the controlled cultivation of aquatic organisms, is a form of agriculture in which
aguatic plants and animals are raised for a variety of uses. Farmers, whether of fish, livestock,
or row crops, have a vested interest in keeping their livestock (both aquatic and terrestrial)
under control on their farm and preventing their escape to the wild. One way that fish could
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escape from a fish farm or hatchery is by swimming in a stream of water that discharges from
the farm and enters an open, natural waterway. This assumes that there is a connection
between the point of discharge from a pond and the open body of water. A second way that fish
could escape is during severe flood events.

Most commercial pond aquaculture facilities have incorporated advances in water quality
management which have demonstrated that water exchange is not an effective way to maintain
water quality in earthen ponds; aerators are more effective in maintaining oxygen levels and are
more economical (Boyd 1990). Many types of efficient aeration devices are used on fish farms
today and pond fish farmers do not exchange water as a regular means to manage water
quality.

Many states have regulations that affect the siting of aquaculture facilities to prevent escape of
farmed animals and minimize effluent discharge. Loss of fish stocks directly reduces farm
revenue and is an incentive for businesses to minimize losses. Losses from a poorly sited
facility can lead to new or expanded populations in the wild.

Strategy 3.1.11. Take actions to prevent the unintentional escape, release, or improper
disposal of Asian carps from aguaculture facilities at poorly sited locations.

Recommendation 3.1.11.1. Urge the development and enforcement of state
regulations that prohibit the production and use of Asian carps at poorly sited
facilities.

As previously defined, poorly sited facilities are those with connections to open waters or
subject to flooding. States should prohibit the future stocking of Asian carps on any
poorly sited facility. Regulations should define acceptable parameters, including site-
specific conditions such as: 1) protection from flooding available either by the system of
containment levees along river systems, pond levee elevations, or not locating facilities
in a flood plain; 2) frequency and volume of discharges; and 3) controls to prevent
escapes. By reducing the number of poorly sited facilities, the potential for additional
escapes to the wild will be reduced. Poorly sited facilities that are able to upgrade within
acceptable parameters would no longer be considered a high-risk facility and states may
choose to permit the use Asian carps within other provisions of the plan.

Recommendation 3.1.11.2. Develop and provide information to Asian carp
producers and growers that will help upgrade poorly sited facilities such that they
are no longer high-risk to contain farm-raised Asian carps and prevent accidental
introductions.

Work with Asian carp producers and growers to understand their operational activities
and practices and identify information needs that will result in a reduced risk of
accidental and deliberate unauthorized releases from these facilities. This audience
should include both hatcheries used for distribution and those that culture Asian carps
for commercial purposes. Information should assist poorly sited facilities upgrade, if
possible, such that they are no longer high-risk and are able to produce Asian carps
within other provisions of the plan.

Several relevant activities have been or currently are being implemented. University and

aquaculture Cooperative Extension educators, trade publications, trade associations,
and the media have alerted growers on how their activities have been perceived. Some
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university and aquaculture Cooperative Extension service educators and trade
associations have provided information to improve production practices (e.g.,
http://aquanic.org). States within the Mississippi River Basin regulate the culture,
possession, or sale of nonnative species and require aquaculture facilities to acquire
nonnative species permits and specific farm design, operation, and management
practices to reduce nonnative species risks and occurrences (Environmental Law
Institute 2002).

A major obstacle for this recommendation is effective communication between growers,
natural resources managers, and educators. The challenge arises from the diversity of
locations, various fish raised, different management practices, and other factors. Itis
essential that growers be identified and included in the collaborative process.

Strategy 3.1.12. Develop an active research initiative to identify alternatives to the use of
Asian carps.

Recommendation 3.1.12.1. Form a coordinating research group that includes
representatives from the aquaculture industry, the ethnic retail grocer industry,
marketing scientists and developers, aquaculture scientists, and natural
resources managers to focus research efforts on the highest priority alternatives
to the use of Asian carps.

Natural resources management agencies and aquaculture scientists should work with
the aquaculture industry and marketing scientists to find environmentally safe
alternatives to the use of Asian carps by the aquaculture industry. A focused
multidisciplinary research effort will accelerate progress towards the identification of
economically feasible alternatives. ldentifying sources of funding and coordinating
research efforts will contribute to more rapid implementation of research programs. The
coordinating group will play a key role in advancing research goals and initiatives.

Recommendation 3.1.12.2. Develop an information module on economic and
effective alternatives to replace the use of bighead and black carps on
aguaculture facilities.

The Working Group indicated that identifying viable alternatives to black carp for snail
control in aquaculture ponds is the highest research priority. The module should first be
intended to identify the need for alternatives and the need for stakeholders to work
together to identify alternatives. Once research identifies viable alternatives, the
information module should be modified to encourage use of the identified alternatives.

PATHWAY: Incidental inclusion of Asian carps in aquaculture shipments of other farm-
raised species to non-aquaculture waters

Catfish and other species are sold live for use in non-aquaculture waters. If Asian carps are
present in the aquaculture ponds from which the catfish and other species are harvested, it is
possible to transport them to fishing ponds and lakes. Erdman (1984) reported that two silver
carp were apparently stocked into golf course ponds as fingerlings mixed with grass carp.

Other species have been accidentally introduced into new waters via public and private
stockings (Simpson and Wallace 1982; Zuckerman and Behnke 1986). However, any Asian
carps that might be present tend to be much larger than the other fish and are removed from the
net prior to loading out fish. Size differences make the Asian carps relatively easy to detect,
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and removing them is a standard practice. In-pond grading technology is also available to
replace hand sorting on farms.

In addition to the following strategy, this pathway is further addressed by Strategy 3.1.12.

Strategy 3.1.13. Take actions to prevent the incidental inclusion of Asian carps in
aguaculture shipments of other farm-raised species to hon-aquaculture waters.

Recommendation 3.1.13.1. Review Standard Operating Procedures and
recommend Best Management Practices that include requirements for suppliers
and purchasers to conduct inspections of fish prior to shipment and release.

A review of Standard Operating Procedures on farms that ship fish to non-aquaculture
waters would provide a basis for determining whether there are areas for which Best
Management Practices would be useful. Any development of Best Management
Practices should occur through a participatory process with growers, live-haulers,
university researchers, extension personnel, natural resources management agencies,
and the appropriate industry associations to ensure maximum compliance. Purchasers
of fish should directly communicate with suppliers about their expectations and needs.
When possible, purchasers should visit farms and better understand management
practices on their supplier's farm. Purchasers of fish for stocking, including natural
resources management agencies and non-governmental organizations, should be
encouraged to screen or inspect shipments prior to release. Any inspection process
developed should consider issues related to implementation that may result in lengthy
delays and losses of fish.

Recommendation 3.1.13.2. Encourage states to develop regulations that allow for
random inspections of live fish shipments into and within the state.

Anecdotal information suggests that Asian carps may have been introduced incidentally
in shipments of other fish stocked into fishing lakes. In the absence of state inspections
during shipment or stocking, it is difficult to know if this has occurred. Anecdotal
information and common sense are often all that is available to identify a stock
contamination problem. Random inspections of live fish shipments into and within the
state would provide a basis for determining if any problems exist. Live fishes are a
commodity, and inspections will require carefully planned and executed procedures to
prevent the loss of capital. Any inspection process developed should consider liability
for damages to shipments if the inspection process results in lengthy delays or losses of
fish. However, liability should not prevent the inspection of shipments, but should
promote the use of good judgment and development and testing of efficient inspection
procedures to prevent delays and loss of product.

Recommendation 3.1.13.3. Prohibit the use of surface waters containing Asian
carps from being used in aquaculture facilities unless effective treatment is in
place with a monitoring program.

Some older culture facilities were constructed based on surface water supplies. If the
surface water comes from waters with reproducing populations of Asian carps, it is very
likely that the culture waters could include Asian carp larvae and fry. If the facility is a
state or federal hatchery used for stocking programs, or a commercial hatchery selling
fish for stocking into fishing ponds and lakes, the Asian carp fry or larvae could be
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inadvertently included and result in unintentional stocking of new waters. Regulating
agencies should prohibit aquaculture facilities from using surface waters that contain
Asian carps, or require effective water treatment and water monitoring programs to
prevent the transfer of Asian carps to other waters.

PATHWAY: Properly sited aquaculture facilities

The Working Group categorized aquaculture facilities that are not 1) connected to or dependent
on open, natural bodies of water or 2) subject to flooding (i.e., poorly sited) as “properly” sited.
The Working Group did not specifically define properly sited aquaculture facilities, recognizing
that most states have regulations that affect the siting of aquaculture facilities. These
regulations were developed to prevent escape of farmed animals, and in some cases minimize
effluent discharge. Properly sited facilities conform to these regulations and have adopted site-
specific practices required to maintain control over their stocks of fish. These include selecting
sites that are protected from flooding either by the system of containment levees along river
systems, by pond levee elevations, or by not being located in a floodplain.

Most properly sited commercial aquaculture ponds are constructed on land previously used for
crops such as cotton or soybeans. Groundwater is the principal water source used. Wells are
the preferred source because well water avoids disease problems, the majority of variable water
quality conditions, and the potential for contaminants associated with many surface waters.
Most pond facilities generally discharge water fewer than 30 days per year and are therefore not
considered Concentrated Aquatic Animal Production facilities (i.e., point sources of pollution)
subject to the National Pollutant Discharges Elimination System permit system
(http://www.epa.gov/fedrgstr/EPA-WATER/2004/August/Day-23/w15530.htm). Catfish foodfish
ponds are usually not drained for periods of 7-10 or more years since it is not economical to do
so and the earthen ponds themselves function as a very effective waste treatment system.
Engle and Valderrama (2002) estimated that 17-28% of the cost of raising catfish foodfish is a
result of the natural waste treatment function of earthen ponds. When drained, pond effluents
typically flow through systems of drainage ditches, including many that are ephemeral, before
reaching natural waters.

In addition to the following strategy, this pathway is further addressed by Strategy 3.1.13.

Strategy 3.1.14. Reduce potential risks of continued use of Asian carps on properly sited
aguaculture facilities to the environment.

UNRESOLVED ISSUE: Use of triploid black carp on aguaculture facilities.

The Working Group was not able to reach consensus on recommendations regarding
the use of triploid black carp on aquaculture facilities. Working Group members agreed
that the desired endpoint is to have no black carp in use on aquaculture facilities (or in
the wild), but did not agree on how long it should take to reach this endpoint. The
Working Group also agrees that because black carp are not yet established in the wild,
research to identify feasible alternatives to black carp for snail control is the highest
priority research need and that all stakeholders should be actively pursuing alternatives
to black carp.

Many members of the Working Group support an approach that discourages the use of

all black carp, but until feasible alternatives are proven and available for snail control,
certified triploid black carp (100% inspected/retested) would be permitted with
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appropriate controls for containment. The use of triploid black carp would require
research to verify the functional sterility of black carp, a triploid inspection and
certification program for black carp, and adequate and redundant controls for
containment (see 3.1.14.1). Concurrent research for feasible alternatives to black carp
for snail control is needed. However, there was disagreement on where triploid black
carp should be permitted. Some members agreed that the limited use of triploid black
carp should be restricted to the states and locations where black carp are currently
produced or stocked (i.e., Arkansas, Mississippi, Missouri, and North Carolina), while
others desire that triploid black carp should remain an option to any aquaculture facility
that encounters the need for snail control. There was also disagreement on how long
triploid black carp should be allowed in the absence of feasible alternatives.

Other members of the Working Group oppose even limited use of triploid black carp
because six black carp have been collected (many more unconfirmed reports) from the
Mississippi River Basin and because of the potential effects of introduced individuals or
reproducing populations of black carp on imperiled native mussels. These members
support an approach that prohibits the use of all black carp and the immediate
application of all available resources to developing a solution to the problem of snail
control, as opposed to validating a tool (i.e., triploid black carp) that is a risk to imperiled
mussels. To prevent the black carp from becoming established in rivers of the United
States, temporary subsidies to farmers for losses due to inadequate snail control may be
warranted.

A detailed discussion on this unresolved issue and several potential alternatives
regarding the use of triploid black carp on aquaculture facilities, along with some of the
positive and negative aspects of each alternative, are presented in Appendix 6.3 for
consideration by natural resources management policy and decision makers.

UNRESOLVED ISSUE: Use of grass carp on aquaculture facilities in watersheds
with self-sustaining populations of grass carp.

The Working Group was not able to reach consensus on recommendations regarding
the use of grass carp on aquaculture facilities in watersheds with self-sustaining
populations of grass carp.

Some Working Group members support an approach consistent with recommendations
addressing the use of grass carp on aquaculture facilities in watersheds where grass
carp are absent or present but not reproducing. These members believe that the
introduction of additional fish with reproductive potential exacerbates and directly
conflicts with efforts to control feral populations. Therefore, at a minimum, states should
encourage the use of triploid grass carp in watersheds with self-sustaining populations of
grass carp.

Other members support the use of diploid grass carp in watersheds with self-sustaining
populations of grass carp and do not believe that states should encourage or require the
use of triploid grass carp on aquaculture facilities. The effect of requiring triploid rather
than diploid fish will be felt by consumers (public and private) that are currently allowed
to purchase diploid grass carp for vegetation control, and could have a substantial
economic burden on some private aquaculturists who use large numbers of these fish.
The majority of commercial aquaculture facilities are not connected directly to open
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waterways and the additional costs will only prevent the addition of a relatively few fish
with reproductive potential to an already established population.

A detailed discussion on this unresolved issue and two potential alternatives regarding
the use of grass carp on aquaculture facilities in watersheds with self-sustaining
populations of grass carp are presented in Appendix 6.4 for consideration by natural
resources management policy and decision makers.

Recommendation 3.1.14.1. Review Standard Operating Procedures and develop
Best Management Practices for properly sited aquaculture facilities.

Employ a stakeholder participatory process, led by university Cooperative Extension
specialists, Sea Grant specialists, scientists associated with Regional Aquaculture
Centers, and others, with expertise in aquaculture to develop a document that describes
current Standard Operating Procedures for properly sited aquaculture facilities. The
document should describe the appropriate use of redundant containment measures to
prevent escapes of farm-raised carps. In the event areas for improvement are identified,
industry associations will be encouraged to work with this group of scientists to develop
Best Management Practices to address any issues. This document would also serve to
educate those unfamiliar with current Standard Operating Procedures on commercial
aguaculture farms with Asian carps.

Recommendation 3.1.14.2. Encourage states to prohibit the use of grass carp on
aguaculture facilities within watersheds where grass carp are not present in the
wild.

To prevent introductions and range expansion of grass carp in the wild, states should
prohibit the use of grass carp on aquaculture facilities within watersheds where grass
carp are absent. If a state allows the use of grass carp within a watershed where grass
carp are not present in the wild despite the recommendation to prohibit their use, then
only certified triploids should be permitted with appropriate controls for containment
(Recommendation 3.1.14.1).

Recommendation 3.1.14.3. Encourage states to restrict the use of grass carp to
certified triploids only on aquaculture facilities within watersheds where grass
carp are present but not reproducing.

If a state allows the use of grass carp within watersheds where grass carp are present in
the wild, then only certified triploids should be permitted with adequate and redundant
controls to prevent escape. If a state allows the use of diploid grass carp, diploid grass
carp should only be permitted with adequate and redundant controls to prevent escape
(Recommendation 3.1.14.1).

Scientists associated with Regional Aquaculture Centers, university Cooperative
Extension scientists, and Sea Grant Extension scientists should be encouraged to
initiate educational programs to encourage aquaculture facilities to use only certified
triploid grass carp in all aquaculture applications. This initiative will provide a redundant
measure to the risk of escape from properly sited aquaculture facilities.

Recommendation 3.1.14.4. Verify functional sterility of triploid bighead carp and
develop atriploid certification program for bighead carp.
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“Triploid bighead (apparently sterile) have been produced and could be raised for
market, although a limited study showed that they grow more slowly than normal
(diploid) fish” (Stone et al. 2000). Commercial fish farmers have produced triploid
bighead carp using techniques similar to those used to produce triploid grass carp
(personal communication, Mike Freeze, Keo Fish Farm); however, the functional sterility
of these fish has not been evaluated. If triploid bighead carp are proven functionally
sterile, a triploid certification program would provide a mechanism to test individual fish
for assurances that diploids will not be shipped. However, bighead carp fingerlings are
sensitive to handling and cannot be kept out of pond water (i.e., held without food) for
more than two days, making blood testing every bighead fingerling sold for foodfish
production difficult and expensive (personal communication, Robert Glennon, J.M.
Malone and Sons Inc.). Research is also needed to determine if triploid bighead carp
are an economically viable substitute for diploids. If proven economically viable, sterile
bighead carp would be a reasonable alternative to diploids for their continued use on
properly sited aquaculture facilities within watersheds where bighead carp are currently
self-sustaining.

Recommendation 3.1.14.5. Encourage states to prohibit the use of bighead carp
on aquaculture facilities within watersheds where bighead carp are not self-
sustaining in the wild.

To prevent introductions and range expansion of bighead carp in the wild, states should
prohibit the use of bighead carp on aquaculture facilities within watersheds where
bighead carp are not self-sustaining in the wild. If a state allows the use of bighead carp
despite the recommendation to prohibit their use, then only certified triploids should be
permitted with adequate and redundant controls to prevent escape (Recommendation
3.1.14.1). The recommendation to allow certified triploid bighead carp is dependent
upon research to determine that triploid bighead carp are functionally sterile and the
implementation of a triploid inspection and certification program (Recommendation
3.1.14.5).

Recommendation 3.1.14.6. Encourage states to restrict the use of bighead carp
on aquaculture facilities within watersheds with self-sustaining populations to
certified triploids only.

States that allow the use of bighead carp on aquaculture facilities within watersheds
where bighead carp are self-sustaining in the wild should encourage the use of only
certified triploids. If a state allows the use of diploid bighead carp despite the
recommendation to use only triploids, diploid bighead carp should only be permitted with
adequate and redundant controls to prevent escape (Recommendation 3.1.14.1).

If research shows that triploid bighead carp production is both biologically and
economically feasible, scientists associated with Regional Aquaculture Centers,
university Cooperative Extension scientists, and Sea Grant Extension scientists should
be encouraged to initiate educational programs to encourage aquaculture facilities to
use only certified triploid bighead carp in all aquaculture applications. This initiative will
provide a redundant measure to the risk of escape from properly sited aquaculture
facilities.
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Recommendation 3.1.14.7. Encourage states to prohibit the use and production of
silver carp on aquaculture facilities.

Silver carp are not in commercial production, and regulations are warranted to prohibit
their future use in commercial production.

Recommendation 3.1.14.8. Encourage states to prohibit the use and production of
diploid black carp on aquaculture facilities.

State regulations to prohibit the use of diploid black carp are warranted. Black carp are
not yet considered established within the United States. Black carp have the potential to
survive almost anywhere in the United States where there is suitable habitat and food
resources (Nico et al. 2005). Adult black carp have been collected from the wild;
however, natural reproduction has not been documented through the collections of eggs
and larvae or observations of spawning (Nico et al. 2005). Black carp have similar
spawning requirements to grass carp and other Asian carps (Nico et al. 2005). Given
that bighead, grass, and silver carps have established self-sustaining populations in
large river within the Mississippi River Basin, it is reasonable to expect that feral black
carp would be able to spawn successfully in these same large rivers and potentially
establish self-sustaining populations (Nico et al. 2005).

PATHWAY: Incidental inclusion and potential release of Asian carps in farm raised
baitfish

This pathway addresses baitfish that are produced on aquaculture facilities and not wild-caught
baitfish held in holding ponds and later sold as “farm raised” minnows (see Strategy 3.1.1).

Bighead carps generally are not stocked in baitfish ponds, but black and grass carps are
stocked in fathead minnow (Pimephales promelas) ponds for vegetation and snail control to
prevent infestations of yellow grub. Yellow grub infestations in fathead minnow ponds have
been reported to cause up to 80% mortality of fathead minnows (Mitchell 1995). Asian carps
are not stocked in golden shiner (Notemigonus crysoleucas) or goldfish ponds because these
fishes have delicate scales and are easily damaged by the larger Asian carps when harvested.
In fathead minnow ponds in which black carp are stocked, the black carp are much larger and
easily removed from nets if present during harvest. Because baitfish go through several days of
intensive vat grading in sheds prior to sale, any black or grass carps present with fathead
minnows should be identified and removed.

This pathway is directly addressed by the suite of recommendations identified under Strategy
3.1.1 and indirectly addressed by Strategy 3.1.12. The Working Group did not identify
additional Strategies or Recommendations specific to this pathway.

PATHWAY: Incidental inclusion of Asian carps in domestic shipments of food fishes

Black and grass carps are stocked into foodfish ponds with channel catfish, hybrid striped bass,
and largemouth bass; and bighead carp are sometimes stocked with channel catfish. Hybrid
striped bass normally are packaged individually for sale; therefore, any incidentally included
Asian carps should be removed during this process. Largemouth bass are often live-hauled to
market; therefore, there is some risk of including Asian carps in these shipments. The primary
foodfish industry in the United States is channel catfish. Bighead carp are co-cultured on some
farms with channel catfish, and black carp are stocked in channel catfish foodfish ponds for
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shail control to prevent infestations of the nonnative trematode (Bolbophorus spp.). Channel
catfish raised as foodfish generally are sold to processing plants, most of which are located
close to the production facilities. Processing plants must be permitted for discharge of wastes,
and for this reason are not located near open bodies of water.

Black carp have no foodfish markets and must be removed from nets by hand when harvesting
catfish, resulting in extra labor and additional costs (Venable et al. 2000; personal
communication, Anita Kelly, Southern lllinois University). Black carp are very susceptible to
catfish harvesting operations and seine crews must be diligent in returning black carp to the
pond (Avery et al. 2004). However, due to the high growth rates of Asian carps, it is generally
quite easy to distinguish these fish from the catfish due to their much larger size and different
appearance. Because farmers are docked (reduction in price of fish) for non-target fish, there is
an incentive for farmers to remove Asian carps before delivery to a processor. Asian carps that
do arrive at a processing plant are electrocuted and sold dead to a rendering plant along with
the rest of the waste products from processing.

This pathway is addressed by Strategy 3.1.12. The Working Group did not identify additional
Strategies or Recommendations specific to this pathway.

PATHWAY: Incidental inclusion of Asian carps in domestic shipments of catfish to fish
farms

The Working Group considered the potential for Asian carps to be included incidentally in
domestic shipments of catfish to other fish farms. The primary case would be that of catfish
stockers (intermediate size ranging from 60-180 pounds/1000 fish) sold by one farm to another.
These sales occur infrequently and, thus, are not part of the routine practices of catfish
production. Some black and grass carps may be stocked into catfish fingerling ponds. Bighead
carp are stocked in catfish foodfish grow-out ponds, not stocker or fingerling ponds. Itis
possible for black or grass carps to be loaded unintentionally onto a truck for delivery to another
catfish farm. Black carp are very susceptible to catfish harvesting operations and seine crews
must be diligent in returning black carp to the pond (Avery et al. 2004). The grower has an
incentive to retain the black and grass carps in their ponds because if they are loaded out, the
grower would lose the aquatic vegetation and snail control provided by these species and would
incur additional expense for replacement. The much larger size of the Asian carps makes it
relatively easy to remove them from a net of catfish stockers during the loading process.
However, additional labor is required to remove black carp when harvesting catfish, which
results in extra labor and additional costs to the farm (Venable et al. 2000; personal
communication, Anita Kelly, Southern lllinois University).

This pathway is addressed by Strategy 3.1.12. The Working Group did not identify additional
Strategies or Recommendations specific to this pathway.

7) LIVE TRANSPORT

PATHWAY: Domestic live transport and distribution of wild-caught fish

The Working Group agreed that the domestic live transport and distribution of wild-caught Asian
carps is one of the highest risk pathways for introducing these fish into new waters.
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Commercial fishers have an important role in the control and management of established
populations of Asian carps (e.g., early detection and population control). However, commercial
fishers also represent a potential pathway of accidental, or even deliberate unauthorized
introductions. Commercial fishers in many locations throughout the Mississippi River Basin
report high incidental catches of Asian carps, and a few commercial fishers who have access to
markets target Asian carps (personal communication, Rob Maher, lllinois Department of Natural
Resources). It is in the commercial fisher’s financial interest to find markets for as much of a
day’s catch as possible, whether target or non-target fish. Asian carps harvested by commercial
fishers are likely to be diploid fish. Transportation of these non-target fish to markets also
entails a high risk of introduction into additional drainages and some risk of disease agent
transfer. The potential clearly exists for commercial fishers to act as a vector of introduction if
steps are not taken to ensure safe transport and handling of their catch. Regulations regarding
the transport and sale of live wild-caught Asian carps are needed.

Although commercial fishers typically receive relatively low prices for Asian carps, higher prices
can be obtained by selling them live in ethnic seafood markets. Ethnic seafood markets with a
demand for live