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Executive Summary

Background

On June 10, 2014, the President signed into law the Water Resources Reform and Development Act of
2014 (WRRDA), Public Law 113-121, authorizing completion of a broad array of agency actions and
public projects across the United States. As a part of WRRDA, the United States Fish and Wildlife
Service (USFWS) is authorized, in collaboration with the National Parks Service (NPS) and United States
Geological Survey (USGS), to take actions to slow, and eventually eliminate, the spread of Asian carp in
the Upper Mississippi River Basin (UMRB) and Ohio River Basin (ORB) and tributaries. Those actions
include provision of technical assistance, coordination, best practices, and support to state and local
governments engaged in activities to decrease and eventually eliminate that threat. Section 1039 of
WRRDA includes, in part, language requiring the Director of the USFWS to provide a Report to the U.S.
Congress (Report) by December 31, 2014, summarizing strategies, expenditures, and progress in
addressing the threat of Asian carp in the UMRB and ORB and their tributaries over the 2-year timeframe
preceding enactment of the legislation.

Specific content required in the Report per WRRDA 2014 includes:

i.  “Any observed changes in the range of Asian carp in the upper Mississippi and Ohio River
basins and tributaries during the 2-year period preceding submission of the report;

ii. A summary of federal agency efforts, including cooperative efforts with non-federal partners, to
control the spread of Asian carp in the UMRB and ORB and their tributaries;

iii. Any research that the Director determines could improve ability to control the spread of Asian
carp;

iv. Any guantitative measures that the Director intends to use to document progress in controlling the
spread of Asian carp; and

v. A cross-cut accounting of federal and non-federal expenditures to control the spread of Asian
carp.”

The USFWS, working in close coordination with the Secretary of the Army and over 20 federal, state,
Canadian, and non-governmental partners, developed this Report, as specified in WRRDA. This Report
is a summary of efforts preceding the date on which WRRDA was signed (June 10, 2014), with a strong
focus on the UMRB and ORB, but also addresses effort focused on Asian carp management elsewhere in
the U.S. As directed by Congress, the Report summarizes activities and expenditures over the previous
two years, and includes data acquired by both federal and non-federal partners. Sections of the Report are
devoted to efforts of the partners within the UMRB and ORB. This document will be available to the
public, and will serve as a model for subsequent annual summary reports to be submitted to Congress, as
directed by WRRDA 2014.

The Challenge

Aguatic invasive species (AIS) represent a primary threat to the health of aquatic systems and their related
economies in the United States, often having significant impacts in areas where they become established.
AIS pose significant challenges to the sustainability of native species and the ability of state and federal



agencies and their partners to achieve their respective conservation missions. For several decades, the
large river systems of the Midwest have been increasingly threatened by impacts from introduced aquatic
species. During the past two decades, Asian carp (including Bighead Carp (Hypophthalmichthys nobilis),
Silver Carp (H. molitrix), Grass Carp (Ctenopharyngodon idella), and Black Carp (Mylopharyngodon
piceus)) have increased their range through portions of the Mississippi River and Ohio River basins, as
well as the Illinois Waterway and Chicago Area Waterway Systems (CAWS), posing a threat to the rich
biodiversity and related economies of the UMRB and ORB, as well as those of the Great Lakes. In total,
AIS have cost our nation’s economy billions of dollars per year (Pimental 1999). Significant portions of
America’s interior river systems are now occupied by one or more Asian carp species, resulting in further
threats of range expansion into other connecting watersheds, including the UMRB, the ORB, and the
Great Lakes. One or more of these four species of Asian carp now occur in 45 states. In the UMRB,
upstream range expansions were observed for all four Asian carp species between June 2012 and June
2014. In the ORB, range expansion was noted for three of the four species (no detectable expansion of
range was noted for Black Carp in the ORB).

Current Prevention and Control Efforts

To address the threat, resource management agency efforts now focus heavily on enhancing the ability to
quickly detect presence of Asian carp using state-of-the-art science, and on developing the capacity to
quickly and effectively implement subsequent actions to prevent further geographic spread, including the
containment of existing populations (barriers). State and federal agencies, non-governmental
organizations, academia, industry, and stakeholders are partnering to reduce Asian carp populations
where established, and to develop and deploy new tools and techniques to prevent spread and to control
and potentially eradicate Asian carp in waters of the United States. These efforts are consistent with
legislation at the federal and state levels that address the broader issue of AlS in waters of the United
States, and more specifically, prevention and control of unwanted presence of Asian carp. Between 2012
and 2014, state and federal agencies conducted a broad suite of prevention activities in both basins,
including: field-based early detection and population monitoring for Asian carp; rapid response (specific
discrete and intensive detection/eradication/containment efforts based on indications of elevated potential
for Asian carp presence); risk assessment for Asian carp; interagency coordination; active prevention (e.g.
implementation or assessment of dispersal barriers, targeted fishing to reduce Asian carp populations,
focused containment activities); outreach with industry or the public/stakeholder participation focused on
Asian carp prevention; law enforcement/regulatory actions focused on Asian carp prevention; research
focused on development of new tools/techniques for Asian carp prevention; and financial support to
partner agency/organizations to support Asian carp prevention

In both the UMRB and ORB, state, federal, and non-governmental agency partnerships have been
developing holistic strategies to address Asian carp and other AlS, building, in part, off of the
Management and Control Plan for Bighead, Black, Grass, and Silver Carps in the United States
(National Plan), and other existing strategies and mechanisms. These efforts being conducted in the
respective basins leverage the resources of each partner organization and are used to inform budgets and
workplans focused on addressing the threat of AIS. For example, the Upper Mississippi River Basin
Association, a coalition of state and federal agencies, local governments, NGOs, and other interested
stakeholder groups formed a Task Force to address the issue of Asian carp advancement toward
Minnesota waters. The Task Force developed the Minnesota Asian Carp Action Plan, to assess the threat



posed by Asian carp and actions needed to minimize their impact in Minnesota, focusing on the
Mississippi, St. Croix, and Minnesota Rivers. Additionally, the USFWS is working with the federal and
state partners to draft an Action Plan for Management of Asian Carp in the Upper Mississippi River
Basin, which will complement the Minnesota efforts and other regional state and basin strategies such as
the multi-agency Asian Carp Regional Coordinating Committee’s (ACRCC) Asian Carp Control Strategy
Framework.

In the ORB, the Ohio River Basin Asian Carp Control Strategy Framework was prepared by the Ohio
River Fishery Management Team, which includes the states of Illinois, Indiana, Ohio, Pennsylvania,
Kentucky, and West Virginia who collaboratively manage fishery resources in the main stem Ohio River
under the auspices of the Ohio River Fisheries Management Team (ORFMT). The Ohio River Basin
Asian Carp Control Strategy Framework identifies tactics and projects by state and federal agencies
necessary to prevent continued spread, reduce abundance of established populations, and minimize
impacts of Asian carp populations in the ORB. The framework includes specific recommendations for
early detection, rapid response, prevention and deterrence, population control, and communication and
coordination of ORB Asian carp populations.

A query of state and federal agencies for all expenditures incurred for Asian carp prevention and control
in the UMRB and ORB between June 2012 and June 2014 yielded a cost of approximately $94.5 M, of
which $12.2 M was expended on prevention and control actions outside of the CAWS (Table 1). While
the majority of agency fiscal expenditures were realized within the CAWS during the reporting timeframe
and largely attributed to GLRI funding, the Report identifies numerous opportunities to leverage and
build upon existing partnerships, strategies, and research for the purposes of bringing significant
additional capacity and expertise to augment Asian carp prevention efforts in the UMRB and ORB. This
expanded and strengthened collaboration will be facilitated by increased and ongoing interagency
coordination, as prescribed in WRRDA, with partners bringing their collective resources to bear on the
common challenge of Asian carp prevention in the waters of the upper Midwest United States.

Applying Lessons-Learned, and Transferring Technology

A growing number of technologies are under development or have been proposed for use in controlling or
preventing spread of Asian carp in waters of the United States. While the immediate focus of many of
these activities has been on the challenge of managing Asian carp populations in the Illinois Waterway
(IWW) and the CAWS in order to prevent Asian carp establishment in the Great Lakes, many tools that
may prove successful also have promise for use in other waterways (including the ORB and UMRB)
threatened by AIS. Working closely with federal and state partners, the USGS is the primary federal
agency spearheading research and development of new and emerging technologies in the United States.
Additionally, the U.S. Army Corps of Engineers, through its Engineer Research and Development Center,
and other facilities, has contributed significant advancements to the science and capacity for managing
Asian carp, including development and refinement of tools for early detection. Further research being
conducted by other agencies and academic institutions will produce new and emerging technologies that
may prove beneficial in UMRB and ORB strategies. Opportunities to apply the lessons-learned from this
research will be identified and incorporated.

Vi



Establishing Measures of Effectiveness for Asian Carp Prevention Efforts

As required by WRRDA, USFWS has developed draft performance measures for evaluating collective
progress in controlling spread of Asian carp in the Ohio and Upper Mississippi River Basins. Identified
below is a subset of proposed measures for potential use in evaluating effectiveness toward achieving the
long-term goals of controlling Asian carp populations in the UMRB and ORB and tributaries:

e Changes in movement in the current verified adult Asian carp population front in both the Ohio
and Mississippi River basins and tributaries

e Changes in numbers or range of current verified spawning areas in the rivers and tributaries

e Changes in eDNA positive findings within areas upstream of the known adult population front

o Miles of streams excluded or protected from Asian carp movement

o Number of stream miles assessed for presence of Asian carp

o Number of state and federal agencies with response plans in place

e Number of control technologies proven to control or eradicate Asian carp that are ready for in-
the-field use

e Number of agencies with model regulations or ordinances focused on Asian carp prevention in
place

In addition, qualitative measures will be developed for use as indicators in gauging progress in the
development and implementation of the various activities needed for effective basin-wide prevention
programs, including (but not limited to) the following:

e Developing collaborative basin-wide or stepped-down strategies for Asian carp prevention
e Planning and conducting early detection monitoring and assessment

e Identifying and addressing potential introduction pathways

e Planning for rapid response

¢ Promoting/conducting collaborative research

o Developing effective information materials and implementing education programs

¢ Implementing comprehensive, complementary, and effective regulations and laws

e Ensuring sufficient resource availability

Recommendations

The USFWS will continue to provide leadership among the federal agencies in coordinating efforts to
prevent the spread of Asian carp, with enhanced effort in the ORB and UMRB. In addition to leveraging
the existing resource management partnerships, the model of the Asian Carp Regional Coordinating
Committee (ACRCC) partnership currently in use to protect the Great Lakes from Asian carp will be
considered for use in convening the breadth of state and federal agencies, and non-governmental partners
addressing the issue within the two basins.

Priority actions will focus on convening basin-specific partnerships to develop common strategies and
objectives, and expand current efforts in order to ensure the highest level of coordination and
collaboration moving forward, including:
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o Development of an ORB and an UMRB formal institutional arrangement, including a network
similar to the ACRCC, to facilitate interagency coordination, collaboration, and plan
implementation;

o Development of an operational agreement (memorandum of understanding or operation
principles) to identify roles and responsibilities of all participating agencies for each basin-wide
partnership;

o Development of a short-term (annual) and prospective (multi-year) project plan identifying
collaborative decision-making/management structure and required resources;

o Development of a process to ensure actions are strategically prioritized and properly sequenced,;

e Preparation of an annual report which includes an evaluation of effectiveness of completed
actions and recommendations for strategically implementing subsequent priority actions to ensure
progress, including identification of costs for future actions; and,

o Identification of federal, state, and non-governmental resources potentially available for
implementing highest-priority strategic prevention actions.

Additionally, the USFWS and USGS will lead interagency coordination to ensure that lessons-learned
and technologies developed and successfully applied to Asian carp prevention and control in areas outside
of the UMRB and ORB are effectively documented, communicated and considered for incorporation into
basin-wide strategies, and for active implementation, as appropriate and with adequate resources.
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1.0 Introduction

1.1 WRRDA

On June 10, 2014, the President signed into law the Water Resources Reform and Development Act of
2014 (WRRDA), Public Law 113-121, authorizing completion of a broad array of agency actions and
public projects across the United States. As a part of WRRDA, the United States Fish and Wildlife
Service (USFWS) is authorized, in collaboration with the National Parks Service (NPS) and United States
Geological Survey (USGS), to take actions to slow, and eventually eliminate, the spread of Asian carp in
the upper Mississippi River Basin (UMRB) and Ohio River Basin (ORB) and tributaries. Those actions
include provision of technical assistance, coordination, best practices, and support to state and local
governments engaged in activities to decrease and eventually eliminate that threat. Section 1039 of
WRRDA includes, in part, language requiring the Director of the USFWS to provide a report to the U.S.
Congress (Report) and the public by December 31, 2014, describing coordinated strategies established
and progress made toward the goal of controlling and eliminating Asian carp in the UMRB and ORB and
tributaries.

Specific content required in the Report includes:

i.  “Any observed changes in the range of Asian carp in the upper Mississippi and Ohio River
basins and tributaries during the 2-year period preceding submission of the report;

ii. A summary of federal agency efforts, including cooperative efforts with non-federal partners, to
control the spread of Asian carp in the UMRB and ORB and their tributaries;

iii. Any research that the Director determines could improve ability to control the spread of Asian
carp;

iv. Any guantitative measures that the Director intends to use to document progress in controlling the
spread of Asian carp; and

v. A cross-cut accounting of federal and non-federal expenditures to control the spread of Asian
carp.”

The USFWS, working in close coordination with the Secretary of the Army and federal, state, Canadian,
and non-governmental partners, developed this Report, as specified in WRRDA. This Report is a
summary of efforts preceding the date on which WRRDA was signed (June 10, 2014), with a strong focus
on the UMRB and ORB, but also addresses effort focused on Asian carp management elsewhere in the
United States. As directed by Congress, the Report summarizes activities and expenditures over the
previous two years, and includes data acquired by both federal and non-federal partners. Sections of the
Report are devoted to efforts of the partners within the UMRB and ORB. This document will be
available to the public, and will serve as a model for subsequent annual summary reports to be submitted
to Congress, as directed.



1.2 The Asian Carp Challenge

Aquatic invasive species (AlS) are primary threats to the health of aquatic systems in the United States,
having caused severe ecological and economic impacts in many locations across our nation. AIS have
cost our nation’s economy billions of dollars per year (Pimental 1999). Introduction and establishment of
non-native invasive species have jeopardized many aquatic ecosystems of native species and intact
habitat, as well as communities, ways of life, and industries that depend directly on those ecosystems.
Well-known examples of these non-native invasive species include the Zebra Mussel, Quagga Mussel,
Sea Lamprey, Eurasian Watermilfoil, Chinese Mitten Crab, and (more recently) Asian carp.

For the purposes of this Report, “Asian carp” refers exclusively to the following four species of fish
native to Asia and introduced into the United States: Bighead Carp (Hypophthalmichthys nobilis), Silver
Carp (H. molitrix), Grass Carp (Ctenopharyngodon idella), and Black Carp (Mylopharyngodon piceus).

Introduction and expansion of range of Asian carp is one of the most serious current challenges posed by
AIS to North American waters. As with many non-native animal and plant species now established in the
U.S., Asian carp were imported into the country for specific purposes to benefit aquaculture, other
industries, and other human uses; each species was selected for a specific intended purpose based on
feeding preferences and ecology. Over the decades, however, releases and escapements into open river
and lake systems have resulted in establishment of self-sustaining populations where conditions were
optimal for feeding, spawning, rearing, and overwintering. Introduction of Asian carp into the wild may
have occurred from a variety of inadvertent and intentional release, including overland flooding and
transport and release from stocking activities associated with the harvest and sale of bait. In invaded
open water systems, the feeding and reproductive characteristics of Asian carp provide advantages over
native fish that include the ability to avoid predators by achieving large body size early in life, spawning
strategies, and efficient feeding regimes. Uses, means of introduction, and biological characteristics of
each species are discussed in the next section.

Unfortunately, significant portions of America’s interior river systems are now occupied by one or more
Asian carp species, resulting in further threats of range expansion into other connecting watersheds,
including the Upper Mississippi River Basin (UMRB), the Ohio River Basin (ORB), and the Great Lakes.
Bighead Carp occur in at least 26 states, Silver Carp in 20 states, Black Carp in 5 states, and Grass Carp
in 45 states. Grass Carp and Silver Carp also occur in Puerto Rico. As populations have become
established, impacts on native species and related fisheries have become more pronounced. For example,
commercial fishing harvests in the UMRB from 2000 to 2005 declined by 13% from historical average
levels from 1989 to 2005.

To address this issue, efforts now focus on enhancing ability to quickly detect presence of Asian carp and
on taking subsequent action to prevent further geographic spread. Resource management agencies and
organizations, academia, industry, and stakeholders are partnering to reduce Asian carp populations
where established, and to develop and deploy new tools and techniques to prevent spread of Asian carp in
waters of the U.S. These efforts are consistent with legislation at the federal and state levels that address
the broader issue of AIS in waters of the U.S., and more specifically, prevention and control of unwanted
presence of Asian carp. Congress passed the Nonindigenous Aquatic Nuisance Prevention and Control
Act of 1990 (NANPCA), which called for establishment of a comprehensive new federal effort to prevent



introduction, establishment, and proliferation of introduced aquatic nuisance species, and assigned
primary responsibilities for coordination to the USFWS, U.S. Coast Guard (USCG), U.S. Environmental
Protection Agency (USEPA), U.S. Army Corps of Engineers (USACE), and the National Oceanic and
Atmospheric Administration (NOAA). In 1996, the National Invasive Species Act (NISA) subsequently
re-authorized NANPCA (with amendment, to include ballast water prevention measures for the Great
Lakes). NANPCA'’s encouragement of a broad collaborative strategy to prevent, monitor, and control
AIS is complemented by other federal and state laws and regulations that address risks posed by AlS.
These include the Lacey Act (passed in 1900, amended in 2008), which specifies regulations to prevent
importation or interstate transport of non-native species listed as injurious, and serves as an increasingly
important tool in preventing further spread of Asian carp and other AIS in the United States. Bighead
Carp, Silver Carp, and Black Carp are all listed as injurious species under the Lacey Act. In addition to
WRRDA, other recent federal and state legislative acts underscore the need for cross-jurisdictional
assessment and coordination (both organizational and geographic) to most effectively address invasive
species prevention and control. For example, the Great Lakes and Mississippi River Interbasin Study
(GLMRIS), authorized by Congress, identified a range of options and technologies that could prevent
movements of AIS between the Great Lakes and Mississippi River basins via aquatic pathways; but that
also depend on increased coordination to succeed.

These authorities and sources, as well as lessons learned from resource management agency and grass-
roots collaborative partnerships across the United States, have encouraged and guided the development of
a model of cross-jurisdictional collaboration with clear and common goals to address the threat of
invasive species. Primary examples of this include the development of the Management and Control
Plan for Bighead, Black, Grass, and Silver Carps in the United States (National Plan, Conover et al.
2007), the first national framework for managing the threat of Asian carp; and the 2009 formation of the
Asian Carp Regional Coordinating Committee (ACRCC), a federal and state partnership to prevent
establishment of Asian carp, specifically Bighead Carp and Silver Carp, in the Great Lakes, which was
co-led at its inception by the by the White House Council Environmental Quality (CEQ) and USEPA.
The ACRCC executes an aggressive, multi-tiered partnership strategy to prevent an Asian carp invasion
into the Great Lakes through implementation of a vigilant, standardized monitoring program focused on
early detection to inform and trigger necessary rapid response actions within the Chicago Area Waterway
System (CAWS), which is part of the Illinois Waterway (IWW), and other areas at risk of expanded
Asian carp presence. This strategy uses the National Plan as guidance, and has built upon many of its
recommendations through intensive research and field implementation. The ACRCC publishes an annual
summary of activities titled Asian Carp Control Strategy Framework (Framework, ACRCC 2014a). This
document is a compendium of strategies developed and implemented for control of Asian carp, and is a
means of national dissemination of lessons learned by the ACRCC in its attempts to prevent Asian carp
from reaching the Great Lakes. The ACRCC Monitoring and Response Work Group also produces an
annual Monitoring and Response Plan, as well as annual Interim Summary reports (ACRCC 2014b and
c). The collaborative model is underscored in WRRDA, which provides direction to federal agencies for
implementation of a coordinated and focused effort to prevent spread of Asian carp populations in the
UMRB and ORB.

More recently, the growing threat of Asian carp introduction and establishment into additional waterway
systems has become a primary focus of resource management agendas of other regional and national
organizations, and is now a high priority of Canadian conservation agencies and policy makers.



Today, the challenge of Asian carp prevention and control is addressed by an increasingly broad array of
agencies, organizations, and stakeholders, working at varying scales and in different, sometimes disparate
watersheds and jurisdictions, but toward a commonly-shared goal of ecological and economic resource
protection. Coordination and communication among these parties is facilitated, enhanced, and more
formally codified, but requires additional focused effort to better integrate the myriad of activities across
the landscape, leverage available resources and expertise, and further develop strategies to prevent and
control the spread of Asian carp.

For the purposes of this report, the UMRB is defined consistent with the USGS Hydrologic delineations
of the upper Mississippi Region (Regional Code 7): the drainage of the Mississippi River Basin above the
confluence with the Ohio River, excluding the Missouri River Basin. This also includes the CAWS, up to
River Mile (RM) 333 of the IWW, where it ends at the entrance to Lake Michigan. This includes parts of
Illinois, Indiana, lowa, Michigan, Minnesota, Missouri, South Dakota, and Wisconsin. The ORB is
defined consistent with the USGS Hydrologic delineations of the Ohio River Basin (Regional Code 5):
the drainage of the Ohio River Basin, excluding the Tennessee River Basin. This includes parts of
Illinois, Indiana, Kentucky, Maryland, New York, North Carolina, Ohio, Pennsylvania, Tennessee,
Virginia, and West Virginia. For the 2-year time period of reporting included the two years preceding the
date on which WRRDA was signed: June 2012 through June 2014.
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2.0 Changes in the Range of Asian Carp in the Upper Mississippi and Ohio
River Basins and Tributaries: June 2012 to June 2014

Originally introduced to North America for aquaculture purposes, Asian carp are successful invaders,
and possess life history characteristics that have allowed them to thrive in our large river ecosystems
in the United States. Bighead Carp and Silver Carp were introduced at locations within the Mississippi
River watershed approximately 40 years ago to improve water quality in aquaculture and wastewater
treatment facilities due to their preference for consuming large quantities of algae. Silver Carp,
introduced into sewage lagoons and aquaculture ponds in the early 1970s, have since become
established following escapement to 20 surrounding states, reaching as far north as South Dakota and
Minnesota and as far east as Ohio and West Virginia. The Illinois Waterway, a tributary to the
Mississippi River and connecting water body to the Great Lakes, currently holds the highest biomass
of Bighead Carp and Silver Carp in the world. Black Carp were introduced to control a fish parasite
in aquaculture facilities, while Grass Carp were initially introduced as early as the 1960’s to control
growth of nuisance aquatic vegetation in water treatment lagoons.

An analysis of Asian carp occurrence data in the Nonindigenous Aquatic Species (NAS) database was
conducted over the 2-year period of this Report to gain insight into recent changes in the ranges of
Asian carp species. The NAS, maintained by the U.S. Geological Survey, is a repository for spatially-
referenced biogeographic accounts of introduced aquatic species across the United States. In addition
to scientific information on introduced aquatic species, the database also includes locality data
acquired from many sources, including scientific literature; state, federal and tribal resource agencies;
non-governmental organizations; academic institutions; and private citizens. This database aids
efforts to verify presence of species and includes a number of parameters from each collection or
sighting such as date, collector, location, and habitat type.

For this Report, the farthest known distribution points (both upstream and downstream) were
determined for each mainstream river and major tributary. The change in range expansion of each
species between June 2012 and June 2014 was determined for the UMRB and ORB. Data regarding
occurrence of a species do not infer species abundance at a particular site. Occurrence data of Grass
Carp includes information about the reproductive status (viable, sterile, undetermined) of collected
specimens. Data were divided into two groups: Pre-2012 and 2012-2014. Potential change in
distribution was assessed by comparing the furthest distance upstream an individual was captured in
2012-2014 with the documented leading edge of the invasion pre-2012 data.

2.1 Silver Carp

Silver Carp are produced in aquaculture more than any other fish worldwide. Brought to the United
States in the early 1970s to control phytoplankton (algae) in municipal waste water and aquaculture
ponds, they eventually spread into the Mississippi River as a result of escapement from hatcheries and
research projects that used these fish in municipal sewage systems, and their accidental inclusion in
shipments of other non-detrimental fish species. Silver Carp are unique in that, unlike other species of
Asian carp, they have a tendency to jump out of the water when disturbed. They thrive in large river
systems with high phytoplankton productivity, and have been found in waters of 20 states and Puerto



Rico. By the early 2000s, the middle and lower Illinois River was estimated to have the highest density
of Silver Carp worldwide.

Silver Carp can exceed 3.5 feet and 60 pounds, and are typically more short lived at around 5 to 7 years
of age. Silver Carp reach sexual maturity between 2 and 4 years of age, and multiple spawning events
during a single year have been documented. Silver Carp are planktivorous, generally consuming
microorganisms at the base of the food web, but can be opportunistic and consume a variety of food
sources, based on availability. Their dietary patterns may allow them to out-compete both small and
large native fish for this important forage resource by quickly and effectively filtering large amounts of
plankton from the water column.

From 2012-2014, Silver Carp expanded their range upriver in the upper Mississippi River
approximately 118 miles into the State of Minnesota (Figure 2). In the Ohio River, they moved
approximately 56 miles upriver in the States of Ohio and Kentucky. Reported individual occurrences of
Silver Carp in the UMRB after 2012 included 33 captures, indicating bypass of seven navigational dams
on the Mississippi River (Lock and Dams 2, 3, 4, 5, 5a, 6, and 7).

There were 42 captures reported in the NAS database in the ORB during this timeframe, but no
additional lock and dam structures were bypassed. Although no estimates of population size are
available, Silver Carp appear to be the most abundant species of Asian carp in the UMRB and ORB.
Population estimates are available for the lower Illinois River, a tributary to the Mississippi River and
the connecting water body from the UMRB to the Great Lakes. It was estimated that the three lower
reaches of the Illinois River (the first 231 miles of the IWW, up to Starved Rock Lock and Dam about
100 miles from Lake Michigan) contained approximately 3.1 million pounds of Asian carp, of which
Silver Carp made up about 90% of the population density and 70% of the biomass relative to Bighead
Carp (Garvey et al. 2012).
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Figure 2. Range expansion of Silver Carp in the UMRB and ORB (basins shaded grey).
Green circles represent occurrences from the USGS NAS Database before 2012. Red
triangles indicate occurrences from 2012 through 2014.



2.2 Bighead Carp

Bighead Carp, which can tolerate a wide range of temperatures and water quality conditions, were also
imported to the United States in the early 1970s for municipal waste water and agquaculture purposes and
subsequently escaped into the Mississippi River. They are now found in 26 states, and in high abundance
in the UMRB and ORB.

Bighead Carp typically have a lifespan of approximately 8 to 10 years, can reach lengths of over 5 feet,
and weights in excess of 100 pounds. Reaching a large body size early in life limits their susceptibility to
native fish predators. Bighead Carp reach sexual maturity between 2 and 4 years of age, and multiple
spawning events during a single year have been documented. Bighead Carp are planktivorous, generally
consuming microorganisms at the base of the food web, but can be opportunistic and consume a variety
of food sources, based on availability. Their dietary patterns may allow them to out-compete both small
and large native fish for this important forage resource by quickly and effectively filtering large amounts
of plankton from the water column.

From 2012-2014, the range of Bighead Carp expanded upriver in the upper Mississippi River to
approximately 7 miles within Minnesota, and bypassed Lock and Dam 2; no range expansion occurred
upriver in the Ohio River (Figure 3). Reported individual occurrences of Bighead Carp in the UMRB
after 2012 included 27 captures; and 9 captures occurred in the ORB. No population estimate of this
wide ranging species are available, however, Bighead Carp is likely the second most abundant species
of Asian carp in the UMRB and ORB.
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Figure 3. Range expansion of Bighead Carp in the UMRB and ORB (basins shaded grey).

Green circles represent occurrences from the USGS NAS Database before 2012. Red
triangles indicate occurrences from 2012 through 2014,

2.3 Grass Carp

Grass Carp were first imported into the U.S. in the early 1960s to help control invasive aquatic
vegetation in reservoirs, lakes, and ponds. It is large-bodied species, achieving lengths of 4 to 5 feet,
and attaining weights of nearly 100 pounds by feeding on vegetation. Grass Carp were stocked in at
least 45 states by the mid-1970s, prior to concerns about the potential for them to become establish in
the wild. Although not considered established outside the Mississippi River Valley (except in Texas),
Grass Carp are now the most widespread species of Asian carp, found in 45 states and Puerto Rico.



From 2012-2014, Grass Carp expanded their range upriver in the upper Mississippi River by
approximately 109 miles into the State of Minnesota (Figure 4), bypassing three navigational locks (Lock
and Dam 1, St. Anthony Falls Lower Lock and Dam, and St. Anthony Falls Upper Lock and Dam), and
one hydroelectric dam

(Sartell Dam, just north of ;k
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indicated by capture of
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Allegheny River, a
tributary of the Ohio
River in Pennsylvania.
Reported individual
occurrences of Grass Carp
in the UMRB after 2012
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in the ORB.
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Figure 4. Range expansion of Grass Carp in the UMRB and ORB
(basins shaded grey). Green circles represent occurrences from the
USGS NAS Database before 2012. Red triangles indicate occurrences
from 2012 through 2014.
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Note about ploidy

Triploid Grass Carp Inspection Program

USFWS operates the National Triploid Grass Carp Inspection and Certification Program, and inspects
and certifies grass carp to be triploid (functionally sterile) within the confidence limits of the inspection
process. “Triploidy” refers to the extra set of chromosomes that renders the fish sterile, thereby reducing
potential for damage as a result of the establishment of self-sustaining populations. States throughout the
country rely on this program to ensure that Grass Carp entering their respective jurisdictions are indeed
triploid. The program is a user-pay government program wherein 100% of inspection costs (labor, fuel,
vehicles, supplies, etc.) are covered by fees collected by Grass Carp inspectors at the time of service.

From June 2012 to June 2014, USFWS inspectors inspected 592 lots of presumed positive triploid Grass
Carp at Grass Carp farms. Two lots failed inspection and were not released, preventing entry of diploid
(reproductively viable) Grass Carp into the supply chain and into areas within which presence was
unwanted. Over 1,087,000 triploid Grass Carp passed inspection and were distributed for release in

29 states.

Comprehensive review of production, certification, inspection, distribution, and regulation of Grass Carp
in the United States

The USFWS maintains a cooperative agreement with the Mississippi Interstate Cooperative Resource
Agency (MICRA) to review and evaluate the entire supply chain of Grass Carp in the United States.
MICRA engaged a private independent contractor (HDR Inc.) to acquire data for this project. Initial input
into scoping the project came from MICRA’s invasive species panel and a steering committee that
included Grass Carp experts at state and federal levels and within private industry.

HDR, Inc. conducted an in-depth national analysis of Grass Carp regulation, production, triploid
certification, shipping, and stocking. The intent of this effort was to determine if public and private
entities producing, certifying, shipping, stocking, and regulating Grass Carp are taking effective and
integrated actions to safeguard aquatic resources by preventing accidental or illegal introduction of
diploid or triploid Grass Carp. USFWS representatives, state agency representatives, Grass Carp
producers, and Grass Carp distributors were formally interviewed to gain a nationwide perspective and
comprehensive understanding of all parts of Grass Carp industry in order to identify the sources of
unwanted introduction of Grass Carp to the supply chain and the wild. MICRA is preparing
recommendations to the USFWS to remedy any potential vectors for introduction. Results and a report of
this project are being finalized as of this writing and will be included in future WRRDA reports.

Feral Grass Carp Ploidy Analysis

The USFWS’s Whitney Genetics Laboratory (WGL) in LaCrosse, WI is working with partners to analyze
the ploidy (reproductive status) of Grass Carp caught in the Great Lakes, UMRB, and ORB. Naturally
spawned Grass Carp are diploid; however, aguaculturalists can cause Grass Carp eggs to become triploid
by adding heat and pressure during egg fertilization. Data acquired during the project can help us
understand whether wild-caught fish are domestic escapees or were spawned in the wild. State, federal,
and non-government partners participating in this project send wild-caught Grass Carp to WGL for ploidy
analysis, and a database of these fish is maintained by the USFWS. From June 2012 to June 2014, WGL
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analyzed 74 fish for ploidy: 16 Black Carp and 58 Grass Carp. Approximately 59% of Grass Carp were
diploid, 38% were triploid, and 3% were undetermined. Approximately 75% of Black Carp were diploid,
and 25% were undetermined (none was triploid). See Figures 5 and 6 below.

Results of Fish Analyzed for Ploidy at WGL
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Figure 5. Results of fish analyzed for ploidy at WGL.
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Figure 6. Geographic distribution of fish analyzed at WGL for ploidy.
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2.4 Black Carp

Black Carp is the fourth species of Asian carp that was imported into the United States in the early 1970s,
likely in conjunction with other Asian carp species. As a molluscivore (feeds on molluscs, snails, etc.),
its preference is to occupy benthic areas of rivers, rendering it excellent for biological control of snail
populations in aquaculture ponds. Its escapement into the Mississippi River raised significant concern
for its preferred food because nearly 70% of native mussel fauna in the UMRB are imperiled or extinct.
Black Carp can also achieve very large body sizes, reaching lengths of up to 5 feet and weights in excess
of 150 pounds, with some individuals achieving much larger sizes. They are longer lived, with a life
span of up to 15 years, and reach sexual maturity anywhere from 6 to 11 years of age.

From 2012-2014, Black Carp expanded their range into the Kaskaskia River within the UMRB of
southern Illinois approximately 70 miles from the nearest documented population in the Mississippi
River (Figure 7). No expansion of range in the upper Mississippi or Ohio Rivers has occurred.
Individual occurrences of Black Carp in the UMRB after 2012 included 9 captures. No captures
occurred in the ORB. Based on incidental catches, Black Carp appear to be the least abundant species of
Asian carp in the UMRB and ORB.
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Figure 7. Range expansion of Black Carp in the UMRB and ORB (basins shaded grey).

Green circles represent occurrences from the USGS NAS Database before 2012.
Red triangles indicate occurrences from 2012 through 2014.

In summary, each of the four species of Asian carp has increased range in the UMRB within the last two
years. Grass Carp and Silver Carp have increased respective ranges in the ORB; and Silver Carp shows
the greatest spread over the past 2 years within the UMRB and ORB drainages. In the upper Mississippi
River, Bighead, Silver, and Grass Carp have moved farther into Minnesota, and occurrences of Black
Carp continue in the lower Illinois River approximately 305 miles from Lake Michigan.

Individual occurrence data is important to monitor for range expansion of adult Asian carp throughout the
UMRB and ORB. However, the NAS data currently available only provides a partial description of the
current situation. Relative abundance of these species is also important in assessing risk, and determining
the state of establishment of these fish in these basins. For many areas of the river, even these relative
abundance numbers are a function of effort and not a representation of what the population truly is
(meaning, the more fishing effort in an area, the more information we have about the population density).
For purposes of this Report, a fish population is considered established when there is successful spawning
survival of the larval fish to young-of-year. Monitoring and surveillance efforts are critical in assessing
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these elements as some areas of river systems may have mature adults, but lack the necessary conditions
for successful spawning or eggs or larval survival. There is also the possibility that monitoring efforts are
not robust enough to capture the true state of the population. Monitoring efforts are primarily focused on
detection of adults at the leading edge of populations. Wide spread monitoring focused on recruitment is
currently not occurring in many parts of the UMRB and ORB. As a result, much of the information on
recruitment comes from incidental collections during standard fishery surveys for other species, and from
anecdotal reports.

Figure 8 characterizes Bighead Carp and Silver Carp establishment and relative abundance in the
UMRB and ORB, given the current state of knowledge from state and federal partners. This
information is provided to provide context to the range expansion maps described previously. For
purposes of this Report, establishment of Bighead Carp and Silver Carp are the focus because there is
significantly more information on these species’ distribution, relative abundance, and spawning in the
UMRB and ORB. Although Grass Carp are known to have breeding populations in many parts of the
UMRB and ORB, this Report has not characterized their risk in Figure 8. Black Carp reproduction and
relative abundance information is unknown and also not identified in Figure 8.

In Figure 8, the red-shaded area indicate areas of establishment, where spawning has been verified with
the collection of taxonomically or genetically confirmed eggs or larvae, or young-of-year Bighead or
Silver Carp. The orange-shaded areas indicate areas of adult Bighead or Silver Carp, where the population
is stable with regular catches of adults, but spawning has not been confirmed. The blue-shaded areas
indicate the areas of these rivers where occasional adults are captured, either through agency monitoring
efforts or commercial fisher catch.

Bighead Carp and Silver Carp are abundant in large portions of the UMRB and ORB. In the UMRB,
spawning has been verified in Pool 18 near Burlington, lowa. Although there is also a robust adult
population in Pool 17 (New Boston, 1A), spawning has not been confirmed. Individual occurrences of
adults from both species have been verified up to Lock and Dam 2, near the Minneapolis-St. Paul metro
area of Minnesota. Again, spawning has not been confirmed in these waters and the fish caught are
typically from agency monitoring or commercial catch.

This Report includes information on relative abundance for the IWW, which is in the UMRB, and
noteworthy since it is estimated that the IWW has the highest population density of Bighead and Silver
Carp in the world. An established population covers most of the river, up to about RM 190 near Henry,
Illinois. The presence of a healthy adult population continues up to the Dresden Island Lock and Dam,
about 62 miles from the entrance to Lake Michigan. Most of the Dresden Island Pool, ending at Brandon
Road Lock and Dam, contains some adult Asian carp, but the invasion front ends in this pool at
approximately RM 281.5, over 50 miles from Lake Michigan. This front has not changed since 2006
(Baerwaldt et al. 2013).

The ORB also has established populations of both Bighead Carp and Silver Carp, with a significant
portion of the basin having established or potentially spawning populations. Spawning has been
confirmed below the McAlpine Lock and Dam near Louisville, Kentucky. The presence of adults of both
species has been detected up to Greenup Lock and Dam, near Huntington, West Virginia, but only one
Bighead Carp was collected after extensive fishing and electrofishing efforts in 2013. There are currently
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no signs of successful spawning in this area or any pool above McAlpine Lock and Dam. Individual
catches of Bighead Carp have been reported up to Pike Island Pool, near Wheeling, Pennsylvania just
southwest of Pittsburgh.

It should be noted that to accurately assess the characterization of risk in the ORB, increased monitoring
and surveillance efforts are needed and require considerably more funding. To date, only a small amount
of funding has been procured for this critical scientific need. Similar to other basins that have
experienced the introduction of Asian carp species, and based on the knowledge of the population
dynamics of these invasive fish, the presence of established Bighead Carp and Silver Carp populations in
the ORB represent a significant threat to the basin. It is not a question of if they will impact the system;
it is a question of when.

Bighead Carp and Silver Carp: Characterization of Relative Abundance
in the Upper Mississippi River and Ohio River
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Figure 8. Characterization of current (2014) relative abundance of Bighead Carp and Silver Carp in the Upper
Mississippi River and Ohio River.
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3.0 Federal Agency and Cooperative State/non-Governmental Partner
Activities to Control Spread of Asian Carp in the Upper Mississippi and
Ohio River Basins

Efforts to prevent and contain spread of Asian carp in the UMRB and ORB include a broad scope of
diverse activities of federal, state, and local agencies; non-governmental and academic organizations;
industry; and the public. Among these activities are: deterrent and containment technologies and devices,
outreach and education programs within the public and private sectors, law enforcement and other
regulatory actions, monitoring of populations, and field and laboratory research. Agency and partner
activities are designed to be comprehensive, complementary and cooperative, and often conducted across
multiple jurisdictions, inclusive of various agencies and organizations, and implemented by application of
common strategies.

Coordination between and among the numerous State and Federal agencies working to address the threat
of Asian carp in the UMRB and ORB occurred on a regular basis in various forums, including formal
face-to-face planning meetings, workshops, and teleconferences; as well as ad hoc meetings, convened as
needed. The issue has become an increasingly high-priority for resource managers within both the
UMRB and ORB watersheds, and is addressed in many of their respective management and annual work
plans developed at the individual state or federal agency level. Many of the highest-priority goals and
tactics that are common to these plans are subsequently reflected in broader regional or basin-wide roll-up
strategies for Asian carp prevention. For example, priority goals on interagency coordination, research,
monitoring, and communication are identified as high-priority actions within the basin-wide Ohio River
Basin Asian Carp Control Strategy Framework, developed by the Ohio River Fisheries Management
Team and encompassing jurisdictions of the five States sharing management of the watershed. The
priority actions identified in these plans are also consistent with and complementary to those of the
ACRCC'’s Control Strategy Framework; and the National Plan, developed for the entire United States in
2007.

In the UMRB and ORB watersheds, multiple agencies are directly involved with efforts to control spread
of Asian carp and other AIS. Organizations that facilitate regular and ongoing coordination between
federal and state agency partners to address resource management issues include:

o Upper Mississippi River Basin Association (UMRBA)

o State members include Illinois, lowa, Minnesota, Missouri, and Wisconsin

0 Advisory members include USACE, U.S. Department of Agriculture (Natural Resources
Conservation Service), U.S. Department of Homeland Security (USCG and Federal
Emergency Management Agency), U.S. Department of the Interior (USFWS and USGS),
U.S. Department of Transportation (Maritime Administration), and USEPA

o Upper Mississippi River Conservation Committee (UMRCC)

0 Executive Board with one voting member from Illinois, lowa, Minnesota, Missouri, and
Wisconsin

o0 Coordinator and support staff provided by USFWS
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o Contributing agencies include USACE, USGS, USEPA, USCG, USDA
o Mississippi Interstate Cooperative Resource Association (MICRA)

0 Membership includes the respective Natural Resource Departments of the 28 States
within the Mississippi River basin

ACRCC Members
e Association of Fish and Wildlife Agencies (AFWA) illinois
o Membership includes all 50 States, with participation by 'rfdi"f‘”a
federal resource management agencies Michigan
Minnesota
e Asian Carp Regional Coordinating Committee (ACRCC) New York
. . Ohio
o For agency membership see box at right .
Pennsylvania
e Aguatic Nuisance Species Task Force (ANSTF) and its associated Wisconsin
panels, particularly the Mississippi River Basin and Great Lakes Ontario
panels Quebec
S NOAA
e Ohio River Fish Management Team (ORFMT) USDA - NRCS
o Membership includes the Natural Resource Departments USACE
of 7 states located along the Ohio River mainstem USCG
usboT
Between June 2012 and June 2014, activities focused on preventing the USEPA
spread of Asian carp occurred in every state within the UMRB and ORB. USEWS
Categories of actions that supported prevention efforts included population USGS
monitoring and assessment, implementation of dispersal barriers and CEQ
related technologies, outreach and awareness campaigns engaging industry Lo R
and the general public, population containment and control, and research : :
. o . City of Chicago
and development of new technologies. These activities are addressed in ;
this Section. Specific findings from each state and federal agency can be Greal Lake.S F'Shery
found in Appendix 2. COIMIERISSIon
Metropolitan Water
A growing number of technologies are under development or have been Reclamation District of
proposed for use in controlling or preventing the spread of Asian carp in Greater Chicago

waters of the U.S. The USGS is the primary federal agency spearheading
research and development of new and emerging prevention technologies in the U.S. In-depth descriptions
of the ongoing research effort are in Section 4 of this Report titled Research and Potential Technologies
for Controlling Spread of Asian Carp. USGS science focuses on development of new management
control tools and strategies to prevent spread of Asian carp and reduce current populations, where
possible. While the immediate focus of many of these activities has been on the challenge of managing
Asian carp populations in the IWW and the CAWS, many tools that prove to be successful will have
potential application in other waterways threatened by AlS, such as the ORB and UMRB. Other federal
agencies, as well as state, non-governmental, and academic partners are conducting additional work.

Each new technology, once fully developed, provides an additional critical tool for agencies to apply
strategically as a complement to other tools involved in the effort. As assessments and deployments of
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technologies proceed, the knowledge gained is applied to management strategies and to development of
even newer, more effective tools.

Significant support for interagency efforts to address the Asian carp threat was provided through federal
appropriations under the Great Lakes Restoration Initiative (GLRI), an effort focused on restoring and
maintaining the natural health of the Great Lakes ecosystem and providing benefits to the basin’s
communities and stakeholders. This initiative, administered by the USEPA, utilizes the Great Lakes
Regional Collaboration Strategy as a framework for its action plan, and includes invasive species as one
of its five core components, including efforts to institute a “zero tolerance policy” toward new invasions
(including the establishment of self-sustaining populations of invasive species, such as Asian

Carp). Through GLRI, resources have been provided annually to agencies and their partners since Fiscal
Year 2010 to support Asian carp prevention in the CAWS and other location within the Great Lakes
basin. Results of this work will directly help support Asian carp control in other watersheds and basins
outside of the Great Lakes, and contribute significantly to the body of knowledge and tools available for
fighting this invasive species.

3.1 Upper Mississippi River Basin
Federal/State Agencies

State and federal agencies in the UMRB engaged in a variety of Involved in the UMRB
prevention-focused activities, including monitoring and assessment,

and the development and implementation of technologies of USFWS
control. This included projects that were planned and implemented USGS
by individual agencies, as well as the development of broad, USACE
collectively-derived comprehensive strategies, most notably the USCG
Minnesota Asian Carp Action Plan (MACAP). While the MACAP is USEPA
specific to controlling the Asian carp invasion into Minnesota waters, NPS
the majority of state and federal agencies and other organizations AR
within the UMRB were active in the preparation of the Wisconsin
document. The MACAP is a prospective strategy that identifies and A
promotes the implementation of high-priority actions and i
recommendations to control Asian carp. In addition, the USFWS is e

leading efforts to develop the Action Plan for Management of Asian
Carp in the Upper Mississippi River Basin, which will build upon the
foundation of the MACAP, and the recommendations and actions contained in the National Plan as well
as other relevant strategies.

3.1.1 Basin-wide Planning

Minnesota Asian Carp Action Plan

A coalition of state and federal agencies, local governments, non-governmental organizations, and other
interested stakeholder groups formed a Task Force to address the issue of Asian carp advancement toward
Minnesota waters. The Task Force developed the MACAP, a step-wise approach to assess the threat
posed by Asian carp and actions needed to minimize their impact in Minnesota. It focuses on the
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Mississippi, St. Croix, and Minnesota rivers, and builds upon existing state and National Asian carp
plans.

The Task Force realizes that preventing Asian carp from
entering Minnesota via the Mississippi River is nearly
impossible. Accordingly, the plan emphasizes actions

Minnesota Asian Carp Action Plan
Participants

to slow the spread and minimize impacts of Asian carp National Park Service (NPS)
should they enter Minnesota waters. Plan elements Mississippi National River and Recreation Area
include: early detection and response, prevention and St. Croix National Scenic Riverway
deterrence, mitigation and control, and outreach and USFWS
communication. USGS

Minnesota DNR
Early Detection and Response — Early detection of the Wisconsin DNR
presence of Asian carp is critical to allow time for the City of Minneapolis
coordination and mobilization of control or eradication City of St. Paul
techniques. Early detection and response activities will City of Hastings
include: Prairie Island Indian Community

Shakopee Mdewakanton Sioux Community
e Monitor commercial fishing catch in Pools 2-9 Saint Paul Port Authority

e Collate and update existing information on higle st S

fisheries surveys, Asian carp captures, and
prevention efforts within upper Mississippi
River states (lllinois, lowa, Minnesota, and
Wisconsin)

Technical Advisors

University of Minnesota
USACE, St. Paul District Mississippi River Fund
St. Croix Valley Foundation

e Request the public to report potential sightings

: : Observers
e Conduct testing for environmental DNA

. Friends of the Mississippi
(eDNA\) of Asian carp

Upper Mississippi River Waterways Association

e Use targeted commercial fishing gear to capture
Asian carp

e Support research that can quantify abundance and population dynamics of Asian carp
Prevention and Deterrence
Prevention and deterrence includes establishment or modified operation of permanent structures that
prevent or slow upstream movement of Asian carp. Specific actions include:
e Complete feasibility study of a permanent fish barrier at Upper St. Anthony Falls and other
appropriate locations
e Create backup barrier at the Coon Rapids Dam

e Evaluate and, if feasible, install deterrent barriers (acoustic, bubble, light, etc.) to slow Asian carp
movement at strategic locations

e Explore options to voluntarily limit lock usage
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e Support research on new technologies to selectively deter upstream movement of invasive fish

Mitigation and Control - Mitigating and controlling populations of Asian carp is a critical element of the
plan. Despite barriers and other technologies, pathways may exist that allow movement of Asian carp,
including illegal or unintentional transport by bait dealers, anglers, and others. Recommended actions
include:

e Support and accelerate research on behavior of Asian carp and long-term control methods
e Physically remove Asian carp

e Improve water quality and habitat so native species can better compete with Asian carp and other
invasive species

o Evaluate the effectiveness of more restrictive harvest regulations for some species of commercial
and sport fish

Outreach and Communication - Communication among agencies and outreach to the general public,

commercial and recreational users of the Mississippi River and other connected waters, media, legislators,
and local officials is critical to success of this action plan. Outreach and communication actions focus on
establishing primary contacts, web links, news releases, and media events. Recommended efforts include:

e Establish and maintain a contact list of agency staff for media access
e Link agency websites
e Provide regular news releases and conduct media events

e Provide a network to distribute scientific literature on carp in the upper Mississippi watershed

Action Plan for the Management of Asian Carps in the Upper Mississippi River
Basin

The USFWS and others recognized the need to collaboratively develop an Action Plan for the
Management of Asian Carps in the Upper Mississippi River Basin (UMR Action Plan) for the purposes of
supporting the coordination of monitoring and response efforts, and leveraging the expertise and capacity
of agencies and other partner organizations within the basin. To address this need, the USFWS formed a
team of representatives from all UMRB States, as well as USGS, USACE, lowa State University,
University of Minnesota, and Southern Illinois University. The team ultimately drafted the UMR Action
Plan, a strategy that was heavily informed by existing plans such as the Management and Control Plan for
Bighead, Black, Grass, and Silver Carps in the United States; the MACAP; the Ohio River Asian Carp
Control Strategy Framework; UMRCC Fisheries Plan 2010; and the Asian Carp Surveillance Plan for
Areas Outside of the Great Lakes. The primary goal of the UMR Action Plan is to minimize the impact
of Asian carp on the ecosystem function, recreation, and navigation in the UMRB. Objectives are:

Prevent new introductions

Slow, stop, or control the spread of existing populations
Monitor populations

Plan responses

Moo e
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5. Research to develop control mechanisms
6. Coordinate, communicate and educate
7. Adapt efforts

The USFWS is continuing to lead this effort and expects to have a completed plan identifying necessary
actions in FY 2015.

Upper Mississippi River Conservation Committee Fisheries Plan

Comprised of the states of Illinois, lowa, Minnesota, Missouri, and Wisconsin the Upper Mississippi
River Conservation Committee (UMRCC), in cooperation with the USFWS, USACE, and the USEPA,
developed the Upper Mississippi River Fisheries Plan in 2010. The plan focuses on priority aquatic
resource management objectives of mutual concern. A primary goal of the UMRCC Fisheries Plan is to
slow or eliminate the spread or introduction of AIS (including Asian carp) to the UMRB—with a key
objective of utilizing standardized monitoring activities to determine the status and distribution of AIS
known or suspected to be present in the UMRB.

3.1.2 UMRB Agency Activities

In addition to the UMRB states, the USFWS, USACE and USDA have played major roles in the activities
undertaken in the basin. The following is a summary of major activities of state and federal agencies
addressing control of Asian carp in the UMRB:

USFWS

In addition to leading and facilitating the development of the UMR Action Plan outlined in section 3.1.1,
the USFWS conducted ongoing monitoring and surveillance of the leading edge of Asian carp in the basin
to support collaborative Asian carp management efforts in the UMRB.

The USFWS initiated efforts in 2010 to identify and obtain the critical expertise and capacity needed to
implement a standardized field-based Asian carp early detection and monitoring program using cutting-
edge science. This included design and development of the new, state-of-the-art, Whitney Genetics Lab
(WGL), which is co-located at the La Crosse (Wisconsin) Fish Health Center. The creation of the WGL
allowed for a focused program to be developed on uses of eDNA to collect and genetically analyze
biological matter (sloughed skin cells, feces, mucous, etc.) from a given body of water as a means to
detect the possible presence of Asian carp. The WGL opened in 2013, and its addition significantly
increased the USFWS capacity for the early detection and monitoring of AlS. The USFWS now
operates a regional eDNA surveillance program aimed at the early detection of Bighead and Silver Carp
in the UMRB, as well as the ORB and Great Lakes. Genetic markers for Black Carp and Grass Carp are
being developed and may be included in genetic surveillance programs in the future.

Since 2013, the USFWS has monitored for Asian carp in Pools 7-10 and 16-19 of the Upper Mississippi
River utilizing traditional fisheries gear. In early 2014, the USFWS coordinated field activity planning
with our partner agencies. Priority monitoring areas were identified by the partner agencies and
activities were coordinated to ensure priority areas were monitored during the 2014 field season.
Various life history stages of Asian carp were targeted in these efforts, including, egg, larvae, young-of-
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year, juvenile and adult. Monitoring by the USFWS complimented efforts of MN DNR, WI DNR, lowa
DNR, USGS, lowa State University, and MDC.

To support the efforts to effectively monitor for Asian carp in the basin, the USFWS has been conducting
an acoustic telemetry study during the reporting timeframe. The purpose of the study is to identify
specific locations where Asian carps are found to aggregate, define the break from the established
invasion front (where Asian carp are present and have reproduced and recruited successfully) and the
advanced front (where Asian carp are present in noticeable abundance but there is no evidence or
documentation of successful recruitment), and determine triggers of fish movement or population
advancement. Additionally, the USFWS will investigate if there is any relationship in movement
behavior or invasion advancement relative to population density. Remote receivers are currently
deployed from Pools 5 to 19 on the UMR. This work complements an array of receivers deployed by the
Missouri Department of Conservation (MDC) from Pool 20 downstream, and by Minnesota DNR from
Pool 5 upstream. Southern Illinois University and the USACE also have receivers in the Illinois and

Des Plaines rivers. Additionally, MDC has placed MDC and USFWS receivers on commercial
navigation vessels travelling from St. Paul, MN to New Orleans, LA to gather additional data during their
up- and downstream transiting along the Mississippi River.
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Figure 9. Approximate sampling (star) and dam (curved line) locations in rivers
across southeastern lowa (map provided by lowa State University).

In addition, the USFWS is working with USGS and lowa State University to evaluate Asian carp
reproduction in the UMRB. Ichthyoplankton samples were collected from 12 locations in the Des
Moines, Skunk, lowa, Cedar, and Mississippi rivers in southeastern lowa (Figure 9). These samples are
being genetically analyzed at lowa State University. While egg morphology reliably distinguishes Asian
carp eggs from native species in the Missouri River, recent USGS findings have shown that genetic
analyses are necessary to distinguish Asian carp eggs from those of native fishes in the UMRB. lowa
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State University is currently extracting the DNA from the samples and will conduct DNA sequencing in
order to identify the species represented in each sample. Results of these analyses are anticipated by early
2015.

The USFWS was also a primary partner in efforts to monitor Asian carp in the CAWS, including eDNA
sampling, electrofishing and gill netting. Support was also provided to the Barrier Defense effort,
assisting with Asian carp monitoring and removal in downstream pools of the river.

USACE

The USACE plays a major role in the operation of the lock and dam system on the Upper Mississippi
River and has cooperated with the USFWS and the Minnesota DNR in placement of monitoring
equipment at USACE locks within the St. Paul District footprint. The USACE also collaborated with the
Minnesota DNR to assess the potential benefits of a deterrent barrier at Lock and Dam 1 in

Minneapolis, Minnesota, which the State of Minnesota would design, construct, and operate. Given that
the WRRDA directed the closure of the Upper St. Anthony Falls Lock and Dam, the Minnesota DNR
has determined that an electrical barrier at Lock and Dam 1 is no longer needed and will not pursue
final USACE approval for the barrier.

In addition, the USACE collaborated with the Minnesota Aquatic Invasive Species Research Center
(MAISRC) to assess deterrent technology and Asian carp swim capabilities at varying river flow
velocities through dam gates. The USACE entered into a real estate agreement allowing the MAISRC
to install and operate an array of acoustic deterrent speakers at Lock and Dam 8 as a demonstration
project. The demonstration project began operation in early August 2014.

The USACE was directed by Congress through the Water Resources Development Act of 2007 to
study factors that could potentially reduce the effectiveness of the electric dispersal barriers. The
USACE has assessed various technical, environmental, and biological factors that are published as part
of a series of efficacy studies. These studies include the identification of potential bypass barriers,
research to determine the optimum operating parameters of the barriers, evaluation for risk reduction of
fish movement through changes in operation of lock structures, and investigation into new technologies
to potentially inhibit Asian carp movement (USACE 2010).

USGS

Scientists from the USGS, including the Upper Midwest Environmental Sciences Center (UMESC) and
the Columbia Ecological Research Center, have conducted intensive research in support of Integrated Pest
Management Control strategies for control of Asian carp in the UMRB. In particular, the USGS has
established an extensive telemetry network in Navigation Pools 19 and 20 of the UMR to identify feeding
habits of Asian carp as the basis of effective in situ control measures. Understanding the distribution of
Asian carp in rivers, with respect to river stage, food availability and habitat use, is necessary for effective
application of species specific piscicidal microparticles (particles that release fish toxicants). Well over
60 fish are now being monitored to better understand habitat use, including patterns of movement among
habitats and during large changes in river stage. Further, detailed studies characterizing the food particles
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available to Asian carp, as well as the particles being targeted by Asian carp, are being completed. The
USGS is also completing studies determining patterns of predation on Asian carp by native fish predators,
information necessary for effective fishery management in support of Asian carp control. As well, the
USGS studies on egg drift in the UMR have shown the difficulties of identifying Asian carp eggs with
standard morphological diagnoses; USGS showed molecular techniques are needed to definitively
identify field-collected eggs. This work is reliant on a network of collaborators that includes Western
Illinois University, lowa State University, and the USFWS.

The USGS-UMESC, in cooperation with the five UMR states of Illinois, lowa, Minnesota, Missouri,
and Wisconsin also conduct research and monitoring through the Long Term Resource Monitoring
Program (LTRMP). The LTRMP is part of the USACE Upper Mississippi River Restoration
(UMRR) program for the UMRB and is the first comprehensive program for ecosystem restoration,
scientific research, and monitoring on a large river system in the world.

The monitoring and research activities of the LTRMP are focused on identifying status and trends in
critical natural resources and gaining insight into ecosystem function and the factors influencing the
community structure of fishes and aquatic vegetation. Although the UMRR was not designed to
specifically address Asian carp or other invasive species, the USGS’ long-term data (20 plus years) on
fish communities, water quality, and aquatic vegetation are unique assets available for addressing invasive
species in the UMRB. The robust water quality, fish, and vegetation data gathered under the LTRMP has
placed the USGS is in a unique position to establish pre-invasion baseline conditions within the UMRB
and to carry out rigorous analyses to identify harmful effects of Asian carp (and other non-natives) on
native fauna and ecosystem processes. LTRMP data and information are available at
http://www.umesc.usgs.gov/ltrmp.html,

Key contributions relative to Asian carp include research regarding:

e Nonnative fishes in the Upper Mississippi River System

e Status and Trends of Selected Resources of the Upper Mississippi River System

e Multiyear synthesis of the fish component from 1993 to 2002 for the Long Term Resource
Monitoring Program

e Maintenance of the NAS database

e Status and Trends of Selected Resources of the Upper Mississippi River System

USDA

The USDA Forest Service worked with Wildlife Forever to educate the public about AIS and to
encourage behaviors that prevent spread of invasive species. A component of this effort relates
specifically to preventing the spread of Asian carp. The USDA Forest Service outreach activities include
billboards, television and radio public service announcements, presentations at public events, and social
media campaigns to educate the public on the importance of controlling Asian carp.
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3.1.3 UMRB Accomplishments by Activity

Interagency Coordination

Many federal and state agencies were involved in several interagency efforts related to preventing spread
of Asian carp within the UMRB. Most of this interagency coordination occurred via discussions and
exchanges of information through the Mississippi River Basin Panel on ANS, the AFWA Invasive
Species Committee and Fisheries and Water Resources Policy Committee, and the Midwest Governors
Association AIS Collaborative. In addition, federal and state agencies cooperated in efforts such as the
Upper Mississippi River Asian Carp Action Plan, MICRA, UMRCC, and the Upper Mississippi River
Basin Association and served on a working group that prepared the Minnesota Asian Carp Action Plan.
Many of the states and federal agencies have also shared information on plans for researching and
monitoring Asian carp in the Mississippi River and tributaries in order to preclude duplicative efforts
among agencies.

Field Monitoring and Early Detection

The UMRB states have been active in efforts to detect and monitor expansion of Asian carp in the
UMRB. These efforts include:

o Traditional fisheries monitoring programs
e Targeted sampling

e Contracted commercial fishing

e Monitoring commercial catches

e Reported sightings

Major monitoring and assessment activities are ongoing in the IWW and CAWS and its tributaries. The
CAWS monitoring program was developed by the Monitoring and Response Work Group of the ACRCC.
These activities include:
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Figure 10. 2013 telemetry acoustic monitoring in the CAWS.
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e Young-of-year and juvenile Asian carp monitoring
o Distribution and movement of small Asian carp in the IWW

o Fixed location monitoring in the CAWS for presence of Asian carp and local fish population.
These data were also used to inform a fishery statistical-based model that will ultimately quantify
potential for Asian carp presence/absence and relative abundance.

Risk Assessment

The Minnesota DNR began a high priority Geographic Information System (GIS)-based Asian carp risk
assessment project in September 2012. Goals of this project were to visualize the potential pathways of
Asian carp upstream dispersal, assess aquatic barriers for ability to limit dispersal, identify potential
watershed breaches (i.e., pathways across major watershed boundaries such as ditches, culverts, etc.),
identify waters “at-risk” for infestation, quantify resources affected, consider dispersal/infestation
scenarios, and identify strategic sites for Asian carp barriers. Future work will include verifying and
refining data, prioritizing locations for stream barrier construction or enhancement, and prioritizing
watershed breaches for projects to prevent fish passage.

As part of the Great Lakes and Mississippi River Interbasin Study (GLMRIS, USACE 2014a), the
USACE conducted a risk assessment to identify the potential risk of current and future ANS, including
Asian carp, establishment and associated adverse impacts. The risk analysis process employed for the
study is an adaptation of the generic model and process described in the Generic Nonindigenous Aquatic
Organisms Risk Analysis Review Process (For Estimating Risk Associated with the Introduction of
Nonindigenous Aquatic Organisms and How to Manage for that Risk) (ANSTF, 1996). The results of the
risk assessment were used in the identification and evaluation of potential control measures for reducing,
to the maximum extent possible, the risk of interbasin ANS transfer via surface water connections
between the basins. The risk assessment was conducted to identify measures for controlling interbasin
transfer of ANS, including Asian carp, between the two basins. In Focus Area | (the CAWS), the
GLMRIS risk assessment categorized and ranked the ANS on the basis of: likelihood of becoming
established in a new basin; potential for successfully undergoing interbasin transfer; and potential for
adversely impacting environmental, economic, and social resources and services (USACE 2014b). For
Focus Area Il (Pathways outside the CAWS), the risk assessment focused on the question of whether or
not a viable aquatic pathway exists, rather than the probability that an ANS will colonize in or spread
through the receiving waterway or basin (USACE 2013).
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Active Prevention

The USACE applies three different types of fish
deterrent measures throughout the CAWS. Each is
designed to block a distinct pathway of Asian carp
toward the Great Lakes.

e The Electrical Dispersal Barrier System,
on the CSSC in Romeoville, IL, was
designed to prevent movement of fish
between the Mississippi River and the
Great Lakes drainage basins via the
CSSC. The system currently consists of
three barriers (Demonstration, 1A, and
11B) that create a waterborne, pulsed,
direct current, electric field in the canal,
which subjects fish penetrating the electric
field to electrical stimuli that act as a

deterrent. A map depicting the barrier is found in

Figure 11.

e The Des Plaines River Bypass Barrier is a 13-mile
long combination of fence material and jersey
barrier that physically blocks known bypasses
around the electric barriers which occur during
periods of flooding from the Des Plaines River and
the Illinois and Michigan (1&M) Canal, thereby
halting possible fish movement through this area.
The barriers placed at these locations are intended to

stop juvenile and adult Asian carp.

o Bar screens on sluice gates at Thomas J. O’Brien
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and the CAWS.

Minnesota also has exerted vigorous efforts to prevent spread of Asian carp within its borders, including

the following:

e St. Anthony Falls — The Minnesota DNR indicated that the best way to keep Asian carp out of
the upper Mississippi River watershed was to close the Upper St. Anthony Falls Lock, which is
administered by the USACE. This required an act of Congress. Lock closure provisions were
included in WRRDA. The lock must be closed not later than one year after enactment of
WRRDA, which was June 10, 2014. To date, the USACE is developing a Federal Register notice
regarding the closure of the Upper St. Anthony Falls Lock and Dam seeking public comment.
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The USACE will then evaluate these comments and determine the next steps necessary to meet
the legislative intent of section 2010 of WRRDA.

Coon Rapids Dam (Legislative Appropriation) — In 2011, the Minnesota Legislature approved
$16 million to fund improvements to the Coon Rapids Dam, which included features to render it a
more effective barrier to upstream movement of invasive carp. Nine steel, hydraulically operated
crest gates are being installed to replace inflatable gates in order to maintain enough head to
prevent carp from passing. Completion of the project is anticipated in December 2014.

Lock and Dam 1 — At the beginning of 2013, the Minnesota DNR explored alternative barrier
technologies to prevent upstream movement of Asian carp, because at that time, it was not clear
whether Congress would enact legislation to close St. Anthony Falls Lock.

Barrier for Lock and Dam 1 — In May 2013, the Minnesota DNR contracted with Smith-Root,
an electrical barrier engineering firm, to design a barrier utilizing new technology for Lock and
Dam 1. This technology, referred to as “sweeping” electrical, uses electricity to move fish away
from the lock chamber. However, the barrier will not be built due to closure of Upper St. Anthony
Falls Lock.

Southwest Minnesota Barriers — In fiscal year 2013, the Minnesota DNR received funding from
the Outdoor Heritage Fund (State of Minnesota) to place additional barriers in southwest
Minnesota. The area fisheries office identified seven sites for new projects to prevent spread of
Asian carp into high-value lakes or between watersheds. With populations of Asian carp already
present lower in the watershed, these projects were deemed high priority.

Research

(This section contains additional basin-specific research activities not included in Section 4.0: Research
and Technologies Potentially Useful for Controlling Spread of Asian Carp)

In Minnesota, the majority of research on Asian carp prevention has involved collaboration with the
Minnesota Aquatic Invasive Species Research Center (MAISRC), which is housed at the University of
Minnesota — Twin Cities. The Minnesota DNR began a fish telemetry study during spring 2013 to
understand fish movement around locks and dams and in the Mississippi River Basin. The USFWS
connected with the receiver system in Missouri to help monitor carp movements throughout the river.

The University of Minnesota is pursuing a number of research initiatives, including:

Implementing eDNA as a molecular technique to assess potential presence of Asian carp in large
Minnesota rivers

Evaluating the potential to detect and locate Asian carp through the use of other fish to locate
aggregating invasive fish so they might be tracked and removed

Developing food attractants (new biochemical technique) and other tools specific for Silver Carp
to induce high-density aggregation for the purposes of fish control and removal
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o Assessment of effectiveness of enhanced bubble curtains as deterrents of Asian carp movement
into small tributaries

o Installation of sound deterrents to Asian carp in the Mississippi River

e Monitoring of abundance and distribution of AIS using new molecular tools to guide
implementation of control and response actions

o Assessment of the potential use of native pathogens invasive carp control agents
e Conducting risk analyses to identify Asian carp control priorities and methods

In addition, the University of Minnesota received funding to collaborate with USACE in development of
ways (including applications of new technologies) to modify operations of Lock and Dam numbers 2
through 8 to optimize their ability to impede Bighead and Silver Carp movement into the St. Croix and
Mississippi Rivers within Minnesota. Specific activities include:

e Immediate development and implementation of a deterrent strategy for Lock and Dam 8

e Testing and development of new acoustical deterrent systems for locks that deter Asian carp and
minimally affect native fishes

e Development of solutions to address weaknesses in Lock and Dam 2, and to optimize gate
operations at Lock and Dam 2 through 8

3.2 Ohio River Basin Federal/State Agencies Involved

Similar to the UMRB, state, federal, and non-governmental IRIEORn

partners in the ORB carried out a broad array of both individual USEWS
short-term projects focused on Asian carp prevention in their

USGS
respective waters; and long-term, comprehensive collaborative USACE
planning to develop a multijurisdictional prevention strategy for L5

addressing the threat within the basin. Specifically, the Ohio
River Basin Asian Carp Control Strategy Framework was
developed by the Ohio River Fishery Management Team
(ORFMT) states who share jurisdiction and management of the

U.S. Department of
Transportation — Maritime
Administration

mainstem Ohio River. The ORFMT collaborates with USEPA
representatives from all ORB states and federal and non- USDA — Natural Resources
governmental entities to implement the Framework. In addition Conservation Service (NRCS)
to this comprehensive long-term planning process, three of the Kentucky

ORFMT state agencies and the USFWS were regularly engaged lllinois

in monitoring and assessment activities within the basin. These Indiana
assessment activities were designed to determine the potential New York

leading edge of Asian carp populations and better understand North Carolina
potential habitat use, seasonal movements, and interaction with Ohio

native species. Furthermore, “active” prevention tactics
including targeted contractual fishing, primarily funded by
Colcom of Pennsylvania (a non-government foundation) and

Pennsylvania
West Virginia
Tennessee
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Kentucky were accomplished. This section provides a summary of the many state, federal, and non-
governmental partners activities conducted for Asian carp prevention in the ORB between June 2012 and
June 2014.

3.2.1 Basin-wide Planning

Ohio River Basin Asian Carp Control Strategy Framework

The Ohio River Asian Carp Control Strategy Framework was prepared by the ORFMT with assistance
from MICRA. Seven states (lllinois, Indiana, Kentucky, New York, Ohio, Pennsylvania, and West
Virginia) work collaboratively to manage fishery resources in the mainstem Ohio River through the
ORFMT. These states recognized the need for long-term, coordinated efforts throughout the basin, and
formed the ORFMT to develop a unified strategic vision, plan strategies, and make decisions. Building
from the National Plan, the Great Lake’s Regional Framework, and other regional strategies, the ORFMT
developed the Ohio River Basin Asian Carp Control Strategy Framework that identifies timely actions by
state and federal agencies necessary to prevent continued spread, reduce abundance of established
populations, and minimize impacts of Asian carp populations in the ORB.

The Ohio River Basin Asian Carp Control Strategy Framework, developed by the ORFMT, includes
specific recommendations for early detection, rapid response, prevention and deterrence, population
control, and communication and coordination to achieve long-term success. The goals of this framework
and other regional efforts will be most effective if implementation of priority actions are coordinated and
strategically implemented jointly as part of a single national strategy and if funding can be procured to
accomplish the tasks outlined in each goal. Specific ORFMT recommendations identified in the
framework for early detection, rapid response, prevention and deterrence, population control, and
communication and coordination are presented below:

Early Detection - Early detection of newly introduced Asian carp or recent expansion of Asian carp
population is necessary to determine if a response effort can be effectively implemented to prevent
establishment and continued spread in the ORB. Intensive, targeted surveillance efforts focused on high-
priority locations are needed (e.g., open waters at greatest risk from continued dispersal of Asian carp) to
detect incipient populations and provide the greatest opportunity to evaluate and implement reasonable
and effective response measures. Traditional gears have been largely ineffective in detecting low
abundances of Asian carp, and surveillance efforts may be enhanced or informed via use of molecular
tools (e.g. eDNA) or other emerging technologies. The ORFMT recommended:

e Standardized, targeted Asian carp sampling in priority areas

e Contracting of commercial fishers to enhance early detection capabilities
e Reports of sightings of Asian carp at locations where not established

e Use of eDNA testing to guide early detection efforts

e Research to improve capabilities to detect early stages of invasion and spawning populations

Rapid Response - Following detection of an incipient population of Asian carp, a rapid response action
could prevent establishment and continued spread of the population. A rapid response action could
range from an immediate survey to better understand the threat of the identified population to an
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attempted eradication. Appropriate rapid response actions must be considered on a case-by-case basis.
An Incident Command System (ICS)-based rapid response plan will be necessary for use of federal
funds to support a response. The ORFMT recommends development of an ICS-based rapid response
plan for the ORB.

Prevention and Deterrence - Active measures are needed to prevent dispersal of Asian carp throughout
the ORB and via human-mediated spread. Barrier and deterrent technologies could restrict or slow
dispersal of Asian carp; however, considerable research is needed. Consideration must be given to the
risks and cost/benefits to determine when actions are warranted. The ORFMT recommended:

e Assessment of risk from human-mediated pathways for movement and introduction of Asian
carp, and development of strategies to address high risk pathways

e Coordination of regulations and enforcement that prohibit sale, transport, possession, production,
and use of live Bighead, Silver, and Black Carp

e Development of coordinated outreach messages and tools to educate and engage the public to
prevent spread of Asian carp

e Evaluation, and if feasible, installation of deterrent barriers at strategic locations to limit further
dispersal of Asian carp in the ORB

¢ Investigation of operational changes at locks and dams to deter passage of Asian carp

Population Control - Reducing abundance of established populations of Asian carp is necessary to slow
their spread and minimize their impacts. Current research funded through the GLRI may lead to
development of additional tools for population control; however increased harvest is currently the only
potential method of substantially reducing Asian carp populations over the near term. Harvest programs
should be implemented in the upper basin to prevent establishment of reproducing populations. Increased
commercial harvest in the lower Ohio River should be implemented to reduce numbers of Asian carp
moving upriver and dispersing throughout the basin. Commercial harvest of Asian carp has been
occurring in the MRB and ORB for several years and is increasing steadily each year in both basins
(Appendix 2). Additional reduction in abundances of established Asian carp is necessary to minimize
their undesirable impacts. The ORFMT recommended:

e Encouragement of increased commercial harvest and implementation of contract fishing for
Asian carp

¢ Removal of regulatory barriers and use of information programs to encourage and promote
increased recreational harvest of Asian carps

e Support for and acceleration of research on behavioral and long-term control methods
o Development of models to inform and evaluate Asian carp population control efforts
e Documentation of ecological, recreational, and economic impacts of Asian carp

Coordination and Communication - Funding and implementation of this Action Plan is necessary for a
coordinated and strategic approach to prevent spread and minimize impacts of Asian carp throughout the
ORB. Effective communication among agencies and provision of information to the general public,
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commercial and recreational users of the ORB, media, legislators, and local officials will be critical for
success. Implementation of the Ohio River Framework is also important to the Great Lakes Framework
for preventing dispersal of Asian carp into areas that are potential pathways to the Great Lakes. To
achieve goals of this framework and success in other regional efforts, priority actions must be coordinated
and strategically implemented as part of a single national strategy. The ORFMT recommended:

e Development of communication and coordination among ORFMT members

e Coordination with national and other regional efforts to prevent introductions and control
populations of Asian carp

o Development of information regarding prevention and control of Asian carp in the ORB

3.2.2 ORB Agency Activities

The following is a summary of activities conducted by federal and state agencies to control Asian carp in
the ORB.

USFWS

In the ORB, the USFWS conducted monitoring activities for Asian carp including eDNA sampling,
telemetry, hydroacoustics work, monitoring with traditional gears, and response actions. To determine
the potential presence of Asian carp at the invasion front in the ORB, 200 eDNA samples were collected
and analyzed for Bighead Carp and Silver Carp eDNA in 2013. Results yielded two positive detections in
the Ohio River mainstem, over 60 river miles upstream of where individual Asian carp have been
captured. In 2014, eDNA monitoring will include the collection of 935 samples from several pools and
tributaries of the Ohio River. Working with state and federal partners, the USFWS has partially funded
and, with state agencies’ efforts, have assisted in deploying a stationary telemetry receiver network in the
ORB. This receiver network is located in the upper portions of the basin near the invasion front at Willow
Island, Belleville, Racine, R. C. Byrd, Greenup, Mehldahl, and Markland Pools. This telemetry project
will help managers to monitor the rate of spread and rates of passage through dams on the ORB.
Additionally, the USFWS has conducted preliminary hydroacoustic assessments in the ORB to locate
potential optimal sites for targeted efforts to sample and remove Asian carp. Future work will focus on
field sampling for the collection of eggs and larvae to establish Asian carp spawning and recruitment
locations within the ORB and microchemistry analysis on Asian carp otoliths to determine the likely
origin of individual populations.

The USFWS has regularly been engaged in coordinating and communicating Asian carp management
activities within the resource agency partnerships in the ORB. A group of interested federal and state
agencies meets regularly to coordinate and carry out the field activities listed above. In addition, the
USFWS, in conjunction with the MICRA, has initiated the development of a partnership that will draft a
comprehensive management plan (building off of existing efforts) and work to coordinate all aspects of
Asian carp control and management in the ORB in the future.

33



3.2.3 ORB Accomplishments by Activity

Interagency Coordination

Most agencies have been actively involved in development of the Ohio River Basin Asian Carp Control
Strategy Framework, through the ORFMT. In addition, many federal and state agencies have participated
in the ACRCC and GLMRIS Executive Steering Committee. Most agencies also participated in the
MICRA evaluation of the Grass Carp regulation program.

Field Monitoring and Early Detection

The ORB states have been active in efforts to detect and monitor expansion of Asian carp in the ORB.
These efforts include:

o Telemetry, eDNA, and electrofishing

e Traditional fisheries monitoring programs
e Targeted sampling

e Contracted commercial fishing

e Monitoring of commercial catch

e Reported sightings

e Age and growth assessments

In addition, the Indiana DNR through Purdue University evaluated Asian carp movements and spawning
in the upper Wabash (primarily from Lafayette and upstream). The Indiana DNR now has 300 tagged
Asian carp at large for the telemetry work. Also, a number of federal and state agencies developed the
cooperative Asian carp telemetry project on the upper Ohio River. Ohio, Kentucky, and West Virginia
are working together to assist the USFWS in implementing the telemetry study as part of Ohio River
Asian Carp Monitoring and Assessment. The Kentucky Department of Fish and Wildlife Resources
(KDFWR) is also partnering with the USFWS and Murray State University in hydroacoustics work on
Kentucky Lake to assess Asian carp abundance.

The Ohio DNR and the Kentucky DFWR conducted electrofishing surveys and coordinated contract net-
fishing efforts targeting Asian carp in the Markland and Meldahl pools following reported captures of
Silver Carp by the Ohio River Valley Water Sanitation Commission (ORSANCO) in June 2012. The
Ohio DNR also assisted The Nature Conservancy with eDNA water sample collection in a project funded
by the Muskingum Watershed Conservancy District to conduct Asian carp surveillance. A finding of
positive eDNA results in samples collected in the Muskingum River during October 2013 resulted in a
planned sampling response following release of this information in April 2014. During June-July 2014,
an additional 110 eDNA samples were collected by the USFWS, and electrofishing crews from the Ohio
DNR and the USFWS sampled 126 sites. The Pennsylvania Fish and Boat Commission (PFBC), with the
USFWS, collected and analyzed water samples from the upper Ohio River and several tributaries for
analysis for Asian carp eDNA. The WV DNR also coordinated with the USFWS on eDNA monitoring,
including sampling in the Kanawha and Little Kanawha Rivers in 2014.
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Risk Assessment

As part of the GLMRIS, the USACE conducted a risk assessment to identify potential risk from current
and future AIS (including Asian carp) establishment and associated adverse impacts. Results of the risk
assessment were used in identification and evaluation of potential control measures for reducing, to the
maximum extent possible, risk of interbasin AlS transfer via surface water connections between the
basins.

Active Prevention

Eagle Marsh is an NRCS Wetland Reserve Program (WRP) wetland site near Fort Wayne, Indiana owned
jointly by Little Rivers Wetland Project and the Indiana Department of Natural Resources. The owners
have been actively maintaining a temporary fence constructed in the marsh, as well as the Graham-
McCulloch berm as the only barriers in place to prevent movement of Asian carp from the Wabash
watershed into the Maumee watershed during flooding conditions. Through ongoing efforts at Eagle
Marsh, the USDA-NRCS has worked with the USACE and other federal, state, and local agencies to
identify options for designing a berm to permanently restrict Asian carp entry into the Great Lakes via the
Eagle Marsh. The NRCS holds a WRP easement on the site. To implement the closure, WRP funding
will cover costs within the area of the easement, and GLRI funding will be expended to tie the berm in at
the ends of the project, off the WRP property.

The Eagle Marsh project will create an earthen berm across the floodway to prevent mixing of the
watersheds at the 100-year flood level. It will be built in two phases to quickly maximize prevention of
interbasin spread of AIS while also preventing potential induced flood damages to properties currently in
and adjacent to the floodplain between the basins. The first phase will be completed by September 2015,
and it will consist of the entire berm, with the exception of a small notch (200'-300' long), which will be
built to the approximate 50-year flood elevation. A mesh screen will be installed along the length of the
notch up to the top of the berm at both ends to prevent alteration of the flood crests, with a screen opening
that will block AIS at elevations that exceed the 100 year, 1% chance flood event. The second phase will
remove the screen and fill in the notch but cannot be completed until all flood risk in the area has been
mitigated.

The Ohio DNR is addressing four additional aquatic pathways between the Ohio River and Lake Erie
watersheds identified in the GLMRIS report Focus Area 2: Aquatic Pathways Assessment Summary
Report. Action has been taken on all four pathways identified in Ohio:

e Grand Lake St. Marys
o Little Killbuck Creek
e Mosquito Creek Lake
e Ohio-Erie Canal at Long Lake

In addition, the Colcom Foundation provided grant funding to address Asian carp in the Ohio River.
The ORFMT used the funds to hire contract commercial fishermen to attack the Asian carp leading
edge in Kentucky (Ohio River Meldahl Pool and Greenup Pool). The KDFWR has also initiated
removal efforts and promoted commercial fishing to reduce Asian carp populations in the lower Ohio,
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Tennessee, and Cumberland Rivers, as well as in Kentucky and Barkley Lake. KDFWR has also
attempted to bridge the pay gap between commercial fishermen and processors. By January 2015,
Kentucky will have three major fish processing companies established with ultimate goals of removing
up to 150 tons of Asian carp from the Mississippi River basin on a daily basis. Commercial fishing
efforts are mostly centered in and below Kentucky and Barkley lakes due to the location of the domestic
market and processing facilities. Commercial fishing efforts currently remove approximately 40 tons of
Asian carp weekly. Some smaller Kentucky processors are also exploring domestic markets for Asian
carp filets and patties.
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4.0 Research and Technologies Potentially Useful for Controlling Spread of
Asian Carp

A growing number of technologies are under development or have been proposed for use in controlling or
preventing spread of Asian carp in waters of the U.S. While the immediate focus of many of these
activities has been on the challenge of managing Asian carp populations in the IWW and the CAWS,
many tools that prove successful have promise for use in other waterways (including the ORB and
UMRB) threatened by AIS. The USGS is the primary federal agency spearheading research and
development of new and emerging prevention technologies in the U.S., working closely with the USFWS,
USACE, and USEPA. In this regard, the USGS focuses on development of hew management and control
tools, strategies, and science for preventing spread of Asian carp and, where possible, reducing current
populations. Other sections of this Report describe additional research by the USACE and the USFWS,
other state and federal agencies, and academic and non-governmental partners. Each new, fully
developed technology hopefully will be a significant tool when deployed according to prevention
strategies and work plans. As technologies are explored and utilized, new knowledge gained via use of
these will be incorporated into management strategies, and will be applied to development of newer, even
more effective tools.

This section presents a summary of recently completed or ongoing research efforts and technology
developments focused on Asian carp prevention. A detailed summary of research efforts focused on
prevention and control of Asian carp can be found in Appendix 1.

4.1 Risk Assessment and Life History

Science-based predictive models and risk-assessments are critical for managers and scientists to identify
locations at highest risk for invasion, exploitation, or colonization by Asian carp species. These models
consider species life history and incorporate biological, hydraulic, and other data to assess probability of
successful Asian carp invasion and reproduction within specified lakes and rivers. Understanding and
guantifying the likelihood that an area is at risk of invasion is critical to informing and focusing key
monitoring and prevention actions, thereby making more effective use of limited resources. The following
risk assessment and life history research projects have been undertaken:

o Assessment of the life history traits, reproductive behavior, habitat use, and predatory
exploitation of Asian carp in established and emerging populations to identify opportunities for
control

o Assessment of Great Lakes tributaries for Asian carp habitat suitability/Development of tributary
assessment tool

o Evaluation of the effects of water hardness on hatching success of Asian carp

o Evaluation of the relationship between Asian carp and bluegreen algae as a factor for predicting
risk of invasion

e Assessment of the Illinois River and other rivers for hydraulic and water-quality influences on
Asian carp movement, spawning, and recruitment lakes
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o Development of risk assessment for Asian carp establishment in the Great Lakes as a function of
food availability

4.2 Early Detection and Monitoring

State-of-the-art techniques for effectively sampling large river and lake systems are fundamental for early
detection of Asian carp species. Utilization of traditional gears has recently been augmented by use of
eDNA, an early detection monitoring technique that detects genetic material from a specific species to
indicate possible presence of that species in the water body. The method involves collecting water
samples from a waterbody and analyzing for presence of genetic material, using known genetic markers
for a specific species. Management agencies and researchers nationally and internationally within various
programs have adopted eDNA as tool for early detections of a variety of species. This technique of early
detection allows effective implementation of subsequent, rapid-response strategies to prevent Asian carp
range expansion or introduction into new waters. The following early detection and monitoring research
projects have been undertaken:

o Completion of Calibration Study (ECALS): Asian Carp eDNA calibration and sampling
efficiency studies

o Development of Asian Carp eDNA probabilistic model
o Development of Asian carp eDNA genetic species markers
e Correlation of Asian carp eDNA or microbial tracking with telemetry data in the Wabash River

e Use of acoustic video and side-scan technology to determine behavior and net avoidance ability
of Asian carp

o Evaluation of the Chicago Area Waterways System monitoring network

o Evaluation of the potential for interbasin invasive species movement by way of groundwater
pathway near Lemont, Illinois

e Hydrologic data support for the prevention of the interbasin transfer of Asian carp at an
intermittent connection of the Ohio River

e Use of augmented real-time detection of Bighead carp at selected Wabash River and tributary
sites

o Investigation of the status of Grass Carp in the Sandusky River in Ohio

4.3 Integrated Pest Management Strategies and Controls

Integrated Pest Management (IPM) strategies are designed to use the most current and comprehensive
scientific information available on life cycles of Asian carp and their interaction with the environment.
IPM is a holistic, tiered strategy that incorporates multiple overlapping management actions to address
all aspects of a species’ ecology and behavior (particularly those aspects rendering the species most
vulnerable to control), and the species’ possible introductory and transmission vectors. The IPM
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strategies specific to Asian carp utilize multiple layers of prevention-based actions, incorporating
surveillance/early detection, containment, and control tools to exploit opportunities for Asian carp
population management based on feeding and reproductive ecology, movement, and other known traits.
The following IPM strategies and controls research projects have been undertaken:

e Evaluation of an IPM approach to Bighead and Silver Carp control

e Communication and demonstration of new technologies for controlling and monitoring Asian
carp

4.4 Dispersal/Control Barrier Technology

Sound pressure wave technology has proven successful in altering Asian carp swimming behavior via
creation of hydroacoustic barriers to movement, with potential to contain, repel, or direct individual or
schools of fish. Additionally, investigators have found evidence that introducing concentrated levels of
carbon dioxide into contained aquatic environments can create biological barriers to fish movement, and
can possibly protect specific locations from introductions. These new technologies are designed for field
deployment and mobility, to the extent practicable. The following dispersal/barrier technology research
projects have been undertaken:

e Use of seismic technology control Asian carp movements

o Field testing of carbon dioxide barrier to deter Asian carp

4.5 Feeding-Based Control Technology

Asian carp have been shown to be strongly attracted to certain mixtures of algae, providing opportunities
for exploiting feeding behavior for control purposes. Algal attractants can be used to congregate fish at
specific locations; and targeted, species-specific piscicides (fish poison) can then be introduced in
formulations lethal only to Asian carp, or containing other chemical or biological control agents.
Additionally, feeding behavior can be used to congregate fish for physical removal by netting or other
means. The following feeding ecology-based control technology research projects have been undertaken:

o Field evaluation of chemical attractants to control Asian carp/development of protocols for field
verification of response

o Development of targeted microparticle and piscicide control systems for Asian carp

e Development of targeted control systems for Asian carp based on species-specific digestive
system characteristics

o Identification of potential compounds for inclusion in a toxicant screening program for control of
Asian carp

e Use of real-time dye tracking to ensuring environmentally responsible application of piscicides
in rivers used for control of Asian carp
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5.0 Metrics and Methodologies for Evaluating Success of Actions to Control
Spread of Asian Carp

5.1 Measures to Document Progress in Controlling Spread of Asian Carp

This section of the Report, as required by WRRDA, directs the USFWS to identify measures for
documenting collective progress in controlling spread of Asian carp in the Ohio and upper Mississippi
River basins. ldentified below are proposed measures and outcomes for ensuring progress toward the
goals of controlling spread of Asian carp in the UMRB and ORB and tributaries.

Critical in the short term are the continuation and expansion of current efforts to ensure multiagency
coordination and collaboration to achieve common prevention-based goals. Short-term priorities that
address the need for interagency coordination include:

o Development of respective UMRB and ORB Asian carp control strategies. These strategies
would include, in part, a subset of the National Plan and would address the ORB and UMRB and
tributaries, to include the following:

o Identification of federal and state resources potentially available for implementing control
actions

o Development of ORB/UMRB formal institutional arrangements, using a collaborative model
similar to the ACRCC, to facilitate interagency coordination, collaboration, and plan
implementation

o Development of an agreement (memorandum of understanding or operation principles) to
identify roles and responsibilities of all participating agencies

o Development of an annual project plan with management structure and appropriate funding

e Development of a process to ensure actions are strategically prioritized and properly
sequenced

o Preparation of an annual report measuring success and identifying the strategy for moving
forward, including identification of costs for future actions

The USFWS will provide leadership in coordinating this effort on behalf of the federal agencies (as
prescribed in WRRDA) with assistance from other state and federal agencies, non-governmental
organizations, and local entities.

Additional critical measures are to continue current monitoring and assessment efforts, and to expand
current research and development of control options. Currently, the necessary tools to control spread of
Asian carp are not available, and continued research and follow-up implementation of controls will be
essential to success. Moreover, addressing each of the four species of Asian carp requires varied
assessment, research and control measures. Each measure must be evaluated based on the life history and
current location of each species.

40



5.2 Quantitative Measure of Progress

WRRDA directs USFWS to identify measures for documenting collective progress in controlling spread
of Asian carp in the Ohio and upper Mississippi Rivers. Specifically, WRRDA calls for identification of:

“...any quantitative measures that the Director intends to use to document progress in controlling
the spread of Asian carp;”

Quantitative measures recommended for potential use by the Director include:

e Changes in movement in the current verified adult Asian carp population front in both the Ohio
and Mississippi River basins and tributaries

e Changes in numbers or range of current verified spawning areas in the rivers and tributaries

e Changes in eDNA positive findings within areas upstream of the known adult population front

e Miles of streams excluded or protected from Asian carp movement;

e Number of stream miles assessed for presence of Asian carp

e Number of agencies with Asian carp response plans in place

¢ Number of control technologies proven to control or eradicate Asian carp that are ready for in-
the-field use

e Number of agencies with model regulations or ordinances focused on Asian carp prevention in
place

Information necessary to use these measures may not be currently available for all areas of the Ohio and
Mississippi River basins. Moreover, the level of information available also varies by species of Asian
carp.

5.3 Qualitative Measures of Progress

In addition to quantitative measures of progress, a number of qualitative measures will be strong
indicators of progress in efforts to control Asian carp. The additional long-term qualitative measures that
will be needed to successfully control Asian carp are:

Monitoring and Assessment of Asian Carp — Establishment of a long-term, comprehensive, cooperative
monitoring and assessment program within each basin is critical. This would include federal, state, and
local stakeholders dedicated to monitoring and assessing potential expansion of the current range of each
species, at each life stage. Actions that document progress are as follows:

o Identification of areas where each of the four species of Asian carp is established:;

o Development of current range and establishment maps of all four species including observed
spawning, verified eggs, verified larvae, and adults;

¢ Identification of tributaries with one or more Asian carp species present;

o Identification of the number of Asian carp captured by pool in the Ohio and Mississippi River
basins;

e Identification of areas where use of eDNA has yielded positive results, including identification of
changes in number and locations of positive results;
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¢ Identification of areas of concern regarding sportfish and other unique species (sturgeon,
paddlefish, and mussels).

Preventing the introduction and movement of Asian carp via identified pathways— Establishment of
strategies to manage pathways for accidental or deliberate unauthorized introductions of Asian carp is
necessary. Actions that document progress include:

o Evaluation of all potential vectors within the basins to determine relative risk of introduction, via
each pathway, of each Asian carp species;

e Identification of connections to lakes or backwaters that could be closed completely or screened
to stop dispersal;

e Implementing necessary prevention and control measures in pathways identified in the GLMRIS
to ensure no movement of Asian carp between the Mississippi River and the Great Lakes.

Rapid Response Planning — Rapid response plans available to prevent range expansions and eradicate
new introductions in both basins are necessary. Actions that document progress include:

e Establishment of rapid response plans for both the UMRB and ORB, including all federal and
state agencies;

e Availability of effective rapid response plans to prevent range expansions and eradicate new
introductions in both basins;

e Development of a mutual aid agreement to ensure availability of resources.

Collaborative Research — Currently, the necessary tools are not available to ensure control of Asian
carp. Collaborative efforts to conduct research that will yield accurate and scientifically valid information
are necessary for effective management and control of Asian Carp in the U.S. Some research efforts are
under way to evaluate and develop new tools. Continuation of current research efforts and research into
new tools and control methods are critical for developing and assisting implementation of control
technologies and/or assessment of methods for population reduction. Actions that document progress
include:

e Continued development and registration of potential control technologies such as seismic
technology, carbon dioxide, the GLMRIS lock, electricity in a controlled channel, chemical
attractants, biological controls, pheromones, and Asian carp specific piscicides;

o Development of sterile and transgenic Asian carps for release to reduce the size of a target
population;

e Development of real-time eDNA detection kits for use in the field (to augment current laboratory-
based analysis which can take several weeks for analysis);

e Acquisition of fundamental understanding of Asian carp biology and life history, and of potential
for habitat or hydrologic modification to control or to facilitate harvest of Asian carp;

e Concurrent developments of effective sampling gears and physical, chemical, or biological
controls to reliably determine the relative abundance of Asian carp species and potential for
population reductions or eradications;
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¢ Identification and evaluation of economically and ecologically safe alternatives to Asian carp;

o Development of ways to ensure that any future use of Asian carp is low risk (i.e., low likelihood
of escape and low consequence of escape).

Develop strategies to minimize adverse effects — A key component of an overall strategy to control
Asian carp is the establishment of collaborative strategies to eradicate or minimize potential adverse

effects. Identifying interim solutions can play a key role in minimizing impacts of Asian carp within
some areas. Actions that document progress include:

o Development of a strategy to encourage and expand harvest of Asian carp, including:

e Enhancement of commercial harvest focused on removal and not sustainable harvest through
education, market research, gear development, and possibly financial incentives;

o Increased recreational harvest, without creating an expectation of a permanent fishery;
e Increased physical removal by natural resources management agencies.

o Development of strategies for restoring and maintaining populations of key or threatened species
that could be affected;

¢ Identification of mitigative actions that enhance native populations and their habitats;

o Identification of locks and dams that could impede range expansion;

e Identification of approach channels and other structural areas that could exclude Asian carp;

e Evaluation of lock structures to identify control technologies that could be used to deter fish
passage;

e Identification of target locations where control technologies (i.e., electricity, sound, water guns,
food attractants, etc.) could be employed to impede range expansion;

e Verification and quantitation of ecological and economic effects of past and potential
introductions of Asian carp to convince managers, stakeholders, and the general public of the
importance of preventing further introductions.

Information and Education — Information and education is essential to long-term success in controlling
Asian carp. A critical measure of success is establishing strategies to provide information to the public,
commercial entities, and government agencies in order to improve effective management and control of
Asian carp in the ORB and the UMRB. For greatest effectiveness, each component of an
information/educational program should be developed via a stakeholder participatory process, and
subsequently monitored, evaluated, and adaptively managed. Actions that document progress include:

e Developing a strategy to identify specific needs and audiences to receive information and
education efforts;

e Identifying a process to develop a collaborative, inclusive, information/education effort;

o Identifying the most effective approaches to reach and inform all affected groups;

o Developing a system to validate credibility of materials;
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o Developing partnerships and leaders for planning, implementing, and evaluating education
initiatives;
¢ Identifying gaps in knowledge or needs that can be addressed via applied or adaptive research.

Effective Regulations and Laws — A long-term strategy must include development of an effective
system of compatible laws and regulation, both at federal and state levels. Adequate and successful
regulations/laws must be in place within each sub-basin that focus on Asian carp prevention. Actions that
document progress include:

o Development of a process to evaluate effectiveness of existing state and federal regulations/laws
at achieving on Asian carp/AlS prevention goals, building upon AFWA efforts

o Development of model regulations/laws to address gaps in existing authorities focused on Asian
carp/AlS prevention

Ensuring Sufficient Resources Available — Successful implementation of any strategy requires
availability of adequate resources. Sufficient financial resources must be available to federal, state, and
local agencies to address the long-term issue of controlling/reducing risk from Asian carp in both basins.
Actions that document progress include:

e Development of a strategy to ensure critical elements of the Asian carp control effort are
identified and supported with adequate resources

e ldentification and evaluation of existing resources available for control efforts, and prioritization
of those resources

¢ Identification of alternative resources that may be available for collaborative control efforts at
both federal and state levels
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6.0 Cross-cut Summary of Federal and non-Federal Expenditures to Control
Spread of Asian Carp in the Upper Mississippi and Ohio River Basins:
June 2012 to June 2014

For the purposes of this Report, a summary was compiled of all expenditures incurred by state and federal
agencies on actions conducted to prevent the spread of Asian carp in the UMRB and ORB from June
2012 to June 2014.

The expenditures included in this summary represent activities supported through both state and federal
appropriations. Agencies were queried, with the request that they include all expenditures related to the
following activities: research focused on development of new tools/techniques for Asian carp prevention,
*“active” prevention (e.g. implementation or assessment of dispersal barriers, targeted commercial fishing,
etc.), interagency coordination, monitoring and early detection for Asian carp, rapid response and risk
assessment exercises, law enforcement/regulatory actions focused on Asian carp prevention, and outreach
with industry or the public/stakeholder participation focused on Asian carp prevention.

Primary sources of federal agency contributions included both agency base budgets and GLRI
funding. The majority of these expenditures were directly related to work focused on Asian carp
prevention efforts in the CAWS. Within the UMRB, the State of Minnesota led all agencies in total
expenditures related to Asian carp prevention.

Development of the expenditure summary was complicated by the various fiscal reporting timeframes
used by state and federal agencies, and by the reporting timeframe being used for the initial Report (June
to June). Future versions of the Report will use a reporting timeframe based on calendar year or full fiscal
year cycle to allow for more efficient and accurate reporting.
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Table 1. UMRB and ORB Expenditures June 2012 to June 2014

USEPA $1,302,895 < $10,000 $1,302,895 $0
USACE $11,131,431 $40,092,129 $51,223,560 $0
USDA < $10,000 $37,000 $37,000 $37,000
USGS $6,025,058 $5,193,799 $11,218,857 $0
NOAA < $10,000 < $10,000 $97,509 $0
USFWS $4,467,706 $2,721,280 $7,188,986 $1,484,950
USCG $1,332,740 $244,987 $1,577,727 $0
NPS < $10,000 $63,500 $63,500 $63,500
CEQ $688,000 NA $688,000 $0
Indiana $525,000 < $10,000 $525,000 $525,000
lowa < $10,000 $151,320 $151,320 $151,320
Kentucky < $10,000 $215,000 $365,000 $365,000
Ilinois $10,356,225 < $10,000 $10,356,225 $0
Minnesota < $10,000 $169,999 $8,801,161 $8,886,162
Missouri < $10,000 < $10,000 < $10,000 $0
New York < $10,000 $18,650 $18,650 $18,650
Ohio $503,220 < $10,000 $503,220 $503,220
Pennsylvania < $10,000 $25,000 $175,000 $175,000
Tennessee < $10,000 $14,000 $14,000 $14,000
West Virginia < $10,000 $191,000 $191,000 $0
Wisconsin < $10,000 < $10,000 < $10,000 $0
Total $36,332,275 $49,137,664 $94,498,610 $12,223,802

Agency expenditures under $10,000 were not reported or included for the purposes of this report.
GLRI funds are used exclusively for work within the Great Lakes Basin or to conduct mitigative actions within hydrologic connections between the Great Lakes and the

UMRB and the ORB.

Total Report Expenditures includes any other outside funding sources reported.
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7.0 Discussion and Recommendations

This 2014 Report conveys key information regarding multi-agency Asian carp prevention and control
efforts throughout the UMB and ORB over the 2-year timeframe, and thus serves as a critical tool for
planning, developing, and implementing future collaborative efforts across the basins. Data provided in
each annual Report will facilitate implementation and, as needed, refinement of current national, regional
(basin-wide), and state Asian carp management strategies. Success of these management strategies in
achieving the goal of controlling Asian carp will rely heavily on strong overarching coordination;
cultivation and maintenance of robust state, federal, Tribal, and non-governmental partnerships;
identification and codification of common goals, management practices, funding strategies, and measures
of performance for Asian carp prevention; and effective, expeditious sharing and application of emerging
tools, science, and lessons-learned from throughout the nation in the battle against Asian carp.

Information gathered for development of this Report reveals the wide variety of actions by the many
agencies and organizations addressing the threat of Asian carp across the landscape; and also illustrates
many opportunities for realizing efficiencies through enhanced and ongoing communication,
coordination, and collaboration.

Fortunately, mechanisms are in place within the UMRB and ORB watersheds to facilitate regular and
ongoing coordination among federal and state agencies and non-governmental entities regarding resource
management issues, including Asian carp prevention. Again, these include the following:

UMRBA

o State members include Illinois, lowa, Minnesota, Missouri, and Wisconsin

0 Advisory members include USACE, U.S. Department of Agriculture (Natural Resources
Conservation Service), U.S. Department of Homeland Security (USCG and Federal
Emergency Management Agency), U.S. Department of the Interior (USFWS and USGS),
U.S. Department of Transportation (Maritime Administration), and USEPA

e  Upper Mississippi River Conservation Committee (UMRCC)

o State members include Illinois, lowa, Minnesota, Missouri, and Wisconsin
0 Advisory members include USACE, U.S. Department of the Interior (USFWS and
USGS), and USEPA

e MICRA

o0 Membership of which includes the respective Natural Resource Departments of the 28
States within the Mississippi River basin, with participation of USFWS and USGS

e ACRCC
0 See Page 18 (inset box) for agency membership
e AFWA

o0 Membership of which includes all 50 States, with participation by federal resource
management agencies
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e ANSTF and its associated panels, particularly the Mississippi River Basin and Great Lakes panels
e Ohio River Fish Management Team (ORFMT)

0 Membership includes the Natural Resource Departments of 7 states located along the
mainstem Ohio River

These partnerships provide a strong foundation for future collaborative efforts to address the threat of
Asian carp in the UMB and ORB.

The USFWS will continue to provide leadership among the federal agencies in coordinating efforts to
prevent the spread of Asian carp, with enhanced effort in the ORB and UMRB. In addition to leveraging
the existing resource management partnerships, the model of the ACRCC will be adapted and potentially
used for convening the breadth of state and federal agencies, and non-governmental partners addressing
Asian carp within the two basins. Additionally, USFWS will seek to utilize the capacity of the Landscape
Conservation Cooperatives (LCCs), as appropriate, to inform science-based decision making and
strategies for the prevention and control of Asian carp and other aquatic invasive species in the ORB and
UMRB. LCCs are comprised of federal, state, and local governments, along with Tribes and First
Nations, non-governmental organizations, universities, and interested public and private organizations;
and are focused on integrating science and management to address landscape/watershed scale issues.
LCCs that are included, in part, within the ORB and/or the UMRB include the Upper Midwest and Great
Lakes, Eastern Tallgrass Prairie and Big Rivers, and Appalachian.

Priority actions will focus on convening basin-specific partnerships to develop common strategies and
objectives, and expand current efforts in order to ensure the highest level of coordination and
collaboration moving forward. Additionally, coordination will include the identification of highest-
priority tactics and activities across the various basins and partnerships working to address the Asian carp,
for the purposes of focusing limited collective resources on key issues or needs. Coordination will
include the establishment of regular and ongoing dialogue within and between partnerships to leverage
resources and maximize efficiencies for Asian carp prevention.

Priorities that will be addressed through interagency coordination include the development of individual
comprehensive Asian carp control strategies for the UMRB and the ORB (mainstem rivers and their
tributaries). These strategies will be developed around a subset of highest-priority recommendations and
actions from the National Plan, as well as existing or in-development state and basin-wide plans
addressing Asian carp or AlS, in general. Specifically, the USFWS will lead efforts to complete the
strategy titled Action Plan for Management of Asian Carp in the Upper Mississippi River Basin, which
will provide critical guidance for implementing technical assistance, coordination, and field surveillance
to assess and monitor the spread of these fish, and to share information learned from Asian carp control
efforts in other areas.

Components of these basin-wide strategies include:

¢ Identification of federal and state resources potentially available for implementing control
actions;

48



e Development of an ORB and a UMRB formal institutional arrangement, including a network
similar to the ACRCC, to facilitate interagency coordination, collaboration, and plan
implementation;

o Development of an agreement (memorandum of understanding or operation principles) to identify
roles and responsibilities of all participating agencies;

o Development of an annual project plan with management structure and appropriate funding;

o Development of a process to ensure actions are strategically prioritized and properly sequenced,
and;

e Preparation of an annual report measuring success and identifying the strategy for moving
forward, including identification of costs for future actions.

Additionally, the USFWS and the USGS will lead interagency coordination to ensure that lessons-learned
and technologies developed and successfully applied to Asian carp prevention and control in areas outside
of the UMRB and ORB are effectively documented, communicated and incorporated into new basin-wide
strategies, for implementation, as appropriate and with adequate resources. This includes the
implementation of control and dispersal tools (e.g. water guns, acoustic barriers, carbon dioxide barriers,
Asian carp specific microparticle piscicdes), risk assessment models, integrated pest management plans
and rapid response strategies, and other new science which has a high probability of being successfully
implemented within the UMRB and/or the ORB to prevent the expansion of Asian carp. The USFWS
and USGS will maintain responsibility for ensuring coordination of the opportunities to the basin-wide
partnerships for their consideration in appropriate strategies.

Building upon the recommendations of the Asian carp prevention strategies developed for the respective
basins, the Service will work with its state and federal partners to identify and prioritize specific research
and development needs, and identify associated costs and timelines for potential implementation. These
efforts will build upon and leverage existing research and development activities currently being
conducted by the USGS, USACE, USFWS and others focused on Asian carp prevention, containment,
and eradication in the CAWS and adjacent areas.

Efforts to address the threat of Asian carp in the UMRB, ORB and other at-risk waterways will require
the commitment of all resource users within the respective basins working collaboratively toward
aggressive but achievable prevention goals. The scope of the challenge will require the fostering of
increasingly comprehensive partnerships, including industry sectors and the public, to engage and
leverage the broadest spectrum of public-private resources available. State and federal agency
partnerships must engage with commercial transporters and shippers, municipal and industrial water
users/conveyers, commercial fishers, aquaculture, and other resource users and stakeholders to explore all
possible options for Asian carp prevention and control. Fortunately, a comprehensive network of
resource management capacity and scientific expertise has evolved to address this issue, and will serve as
a strong foundation for expanding these collective efforts. The framework provided in this Report will
serve as dynamic guidance for implementing the goals set forth in WRRDA, and will be revised and
updated to incorporate the most current developments, tactics and strategies in the battle against Asian
carp.
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APPENDIX 1:
SUMMARY OF RECENTLY COMPLETED OR ONGOING RESEARCH FOCUSED ON
PREVENTION AND CONTROL OF ASIAN CARP

Since 2013, the U.S. Geological Survey (USGS) has been conducting research on Asian carp life-history
characteristics to identify vulnerabilities in established and emerging Asian carp populations. These
studies are designed to identify places and times when Asian carp would be vulnerable to targeted control
efforts as part of an Integrated Pest Management (IPM) system. These efforts broadly fall into three
primary categories: 1) identifying Asian carp recruitment constraints, 2) identifying habitat use and 3)
identifying food selection.

Work to identify recruitment constraints has included the USGS leading and organizing a collaboration
between USFWS, lowa State University and the Minnesota DNR to collect ichthyoplankton samples from
more than 20 locations stretching from the confluence of the Des Moines and Mississippi Rivers to La
Crosse, WI. This network of sites will allow us to determine the approximate locations where Asian carp
reproduction occurs in this emerging population, the environmental conditions that lead to successful
spawning activity and whether or not spawning activities are likely to be an opportunity to target Asian
carp with control measures. Other work on recruitment constraints has focused on determining whether
natural predators and habitat availability might constrain larval and juvenile survival. Thus far this work
has confirmed reproduction of Asian carp in the Mississippi River above Keokuk, lowa, but also found
that previously established methods for identifying Asian carp eggs and larvae are insufficient to establish
identity (thus necessitating the use of genetic methods).

Deployment of IPM systems to reduce Asian carp abundance are unlikely to be successful in large
ecosystems unless significant aggregations of Asian carp can be located. As a result, identifying the
habitats used by Asian carp is essential to the success of IPM. Previous Asian carp telemetry work has
been focused on movement of fish between pools using passive sensors at impoundments and in the
navigation channel. Very little work has explored habitat use at a scale that would be meaningful for
control efforts in these large systems. The USGS is using acoustic telemetry to track Asian carp in a
location with an emerging population, and to determine whether ‘Judas fish” are meaningful
representations of existing Asian carp populations. Judas fish are sterilized fish that are tagged and
released in locations where Asian carp occur. By tracking the Judas fish, one can infer the locations of
the population at large.

A key IPM method being investigated is the use of microparticles as a delivery mechanism for toxins.
However, relatively little is known about food selection by size in wild Asian carp populations. The
USGS is measuring particle size distributions in the water column and in the guts of Asian carp to
determine whether or not Asian carp select particular seston size classes from the water column.
Concurrent work is identifying the spatial distribution in particle sizes among habitats at different
conditions (i.e., at different discharges, different habitat types).

The following is a summary of recently completed or ongoing research being undertaken by USGS and
USFWS, with the assistance of other Federal, state and research institutions, and focused on prevention
and control of Asian carp in waters of the United States:
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Risk Assessment and Life History

e Assessing life history, reproductive behavior, habitat use, and predatory exploitation of
established and emerging populations of Asian carp to identify opportunities for control

U.S. Geological Survey (USGS) scientists conducted research on established and emerging
populations of Asian carp in the Upper Mississippi River basin to identify opportunities for control
strategies based on vulnerabilities related to life histories and behavioral characteristics of Asian carp
and its predators. Investigations utilized telemetry tracking, sonar, and conventional fish sampling to
determine: (1) temporal and spatial dynamics of Asian carp aggregation, (2) habitat overlap between
Asian carp and native fishes (especially native filter-feeding fishes and potential predators), and

(3) suitability of large rivers and tributaries for successful spawning by Asian carp. Research also
focused on the influence of mainstem navigation dams on Asian carp reproductive success. In
addition, researchers sampled potential nursery areas for presence of larval and juvenile Asian carp
and their potential predators, and concurrently conducted laboratory research to evaluate effectiveness
of various predatory species under varying environmental conditions (predator species and density,
water column depth, turbidity, and aquatic vegetation coverage). Results of this research will aid
development of safe and effective control strategies and measures to be implemented in systems with
established or emerging Asian carp populations. Partners include the USGS Columbia River Research
Laboratory, Western Illinois University, lllinois Department of Conservation, Illinois Department of
Natural Resources, Illinois Natural History Survey (INHS), lowa State University, lowa Department
of Natural Resources (DNR), Minnesota DNR, Missouri Department of Conservation, Wisconsin
DNR, and the U.S. Fish and Wildlife Service (USFWS).

o Assessment of Great Lakes tributaries for Asian carp habitat suitability/development of
tributary assessment tool

Utilizing Asian carp habitat suitability data, USGS scientists developed a tributary assessment tool to
help predict which tributaries within the Great Lakes may be conducive to Asian carp spawning and
successful egg transport and development. Incorporating water flow, turbulence, and other
hydrologic data, along with biological data specific to Asian carp egg developmental rates and
transport requirements, scientists determined the approximate minimum length of river reach needed
(as little as 16 miles) that may allow Asian carp eggs sufficient time to develop and hatch. This
information is important for use in identifying potential spawning and nursery locations within river
systems, and can help managers locate specific target locations and identify most appropriate control
measures in rivers where Asian carp could reproduce. In addition, USGS published a scientific report
presenting new findings on timeframes needed for Bighead Carp and Silver Carp egg development
and subsequent larvae growth needed to reach the stage at which they are able to swim on their own.
This has implications for identifying river stretches or watersheds that may be suitable for
establishment of Asian carp populations because of presence of habitat needed for development and
survival of larvae. These findings have potential application both within and outside of the Great
Lakes basin, and will (1) inform development of Asian carp Integrated Pest Management (IPM)
programs and new and ongoing risk assessments (e.g., Great Lakes Mississippi River Interbasin
Study, Asian Carp Binational Risk Assessments), and (2) help in locating zones in rivers to best
deploy target control methods where Asian carp are already established. Partners include the
University of Illlinois and Ohio DNR.
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o Effects of water hardness on hatching success of Asian carp eggs

USGS scientists conducted research to determine hatching success rates of Asian carp eggs as a
function of water hardness. Results demonstrated that both Bighead Carp and Silver Carp eggs
develop and hatch normally in all water hardness levels tested, including very soft water. Previously
published scientific literature had indicated that Asian carp introductions would be limited to areas
with high water hardness. Scientists raised Bighead Carp and Silver Carp in waters of varying
hardness, monitoring survival, correct development, and hatching success. Additionally, scientists
completed a detailed search of the Asian literature (including Chinese-language literature) on water
hardness in native Asian carp areas. This work will be useful to inform risk assessments and other
work focused on identifying locations potentially at risk for Asian carp introduction, and can be
applied to assessments of various watersheds.

o Evaluation of the relationship between Asian carp and bluegreen algae as a factor in
predicting risk of invasion to the Great Lakes

Researchers evaluated the contribution of bluegreen algae to the bioenergetics of Bighead Carp and
Silver Carp for possible use in identifying potential suitable habitat at various locations of the Great
Lakes. Research results aided development of improved and validated bioenergetic models for
Bighead Carp and Silver Carp, and enhanced understanding of the relationship between algal
production dynamics and presence of Asian carp. Also, remote sensing data indicating presence of
green and bluegreen algae were acquired within select Great Lakes waters, and were used, along with
the improved bioenergetic model, to map when and where adequate concentrations of chlorophyll (as
an estimate of algae) in Lake Erie and St. Clair could support survival and growth of Bighead Carp.
Results of the research indicate that large areas of Lake Erie and Lake St. Clair could support growth
and survival of Bighead Carp and Silver Carp. Bluegreen algae (primarily Microcystis sp.) blooms
may be an excellent food source for Bighead Carp, providing more suitable conditions to support
their introduction and survival. Additionally, research demonstrated that noxious bluegreen algal
blooms, under some circumstances, can be enhanced by interaction with Bighead Carp and Silver
Carp, and presence of these carp may enhance toxin production by noxious algae. This research has
implications for identifying habitat that may be suitable for establishment, growth, and survival of
populations of Bighead Carp and Silver Carp. These findings have potential application both within
and outside of the Great Lakes basin.

e Risk assessment of Asian carp establishment in the Great Lakes as a function of food
availability

To develop risk assessments of invasion and establishment, scientists conducted research to evaluate
potential importance of plankton and invasive mussel species to the diets of Asian carp. Research
focused on consumption of: (1) Cladophora, a common Great Lakes plankton species, and (2) waste
materials (feces and pseudofeces) produced by Dreissenid mussels (zebra and quagga mussels).
Certain Asian carp species have been observed to diversify their diets as needed, feeding on organic
matter under certain conditions and on the basis of availability of food resources. However, whether
these food sources are adequate for growth and survival of Asian carp is currently unknown.
Scientists are now testing an established predictive model that indicates Asian carp cannot survive in
certain Great Lakes environments (Lake Michigan) based on known available food types. Findings
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from this research will help in refinement of this model and allow scientists and managers to more
accurately identify locations that may be capable of sustaining Asian carp based on availability of

prey.

o Assessment of Illinois River and other rivers for hydraulic and water-quality influences on
Asian carp movement, spawning, and recruitment

Within stretches of the Illinois River, USGS scientists acquired data on available food supply, river
hydrology, and fish (Asian carp) movement. In addition to sampling prey (plankton), scientists
evaluated the day-to-day movement of Asian carp by tracking fish via telemetry, utilized Acoustic
Doppler Current Profilers to obtain detailed velocity data over a range of flows in the main channel
and backwater areas of the river, and initiated mapping of these data using the Velocity Mapping
Tool. Scientists are assessing potential invasion risks from Asian carp to downstream sections of the
Illinois River by evaluating and applying the acquired data. Studies of upstream movement of Asian
carp through the Illinois River have documented the distribution of Asian carp populations within the
pools of the Illinois River, and have identified habitats favorable for their introduction and
establishment. However, distinct differences observed between these pools and the Chicago Area
Waterway System (CAWS) in habitat, flow conditions, water quality, and food supply may be
preventing further expansion of the range of Asian carp movement. In addition to the Illinois River,
other rivers, such as the Wabash River in Indiana and reservoir tributaries in Missouri, offer
opportunities to examine factors influencing Asian carp movement, spawning, and recruitment. These
water bodies represent the lower end of the size range of rivers believed used by Asian carp species
for spawning. A major objective of this project is to determine the controlling factor(s), with the
possibility that one or more of these factors could be utilized to prevent future expansion into
additional rivers or to reduce Asian carp populations. Partners include USACE, Illinois DNR,
Metropolitan Water Reclamation District of Greater Chicago, USFWS, and Southern Illinois
University

Early Detection and Monitoring

e Use of acoustic video and side-scan technology to determine behavior of Asian carp (net
avoidance)

USGS scientists have been assisting Illinois DNR and USFWS in separate efforts to test and develop
new, more efficient, and less labor-intensive netting technologies. These technologies may detect
“near misses” of catches that would otherwise be undetected and thus possibly result in dismissal of a
gear type that might otherwise prove useful in control or detection activities. Furthermore, use of
side-scan sonar in combination with these gear tests allows enumeration of carp present and
potentially subject to the gear, allowing more accurate comparisons among gear types. Data analysis
involves two stages: (1) subjective observations from viewing videos, leading to generation of
hypotheses; and (2) digital images and video parameterized and transformed into data by application
of techniques common to terrestrial and avian behavior research, possibly allowing statistical tests of
those hypotheses generated in the first round of viewing. Tests occurred in the Illinois River, the
Mississippi River, and the Missouri River, because these very different regions will require different
fishing techniques, and different conditions can induce different fish behaviors. In the turbid waters
inhabited by Asian carp, direct observation or normal photography is typically impossible. Results
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from application of acoustic technology could lead to understanding of exactly how Asian carp avoid
nets, and to adjustment of tactics accordingly. In field applications of scent or pheromone attractants

together with capture gear, acoustic video technology allows us to determine the interaction of scent

and gear. Partners include Illinois DNR.

o Environmental DNA (eDNA) Calibration and Probabilistic Model

Significant results of this ongoing study identified bacteria unique to Silver Carp, which may allow
use of microbial source tracking (MST) to supplement surveillance of Asian carp environmental
deoxyribonucleic acid (eDNA). Scientists also designed multiple new markers for detection of the
deoxyribonucleic acid (DNA) of Bighead Carp and Silver Carp, including a new allelic
discrimination marker and a series of increasing length “stair-step” markers. USGS scientists detected
long sequences of Silver Carp DNA only after a spawning event on the Wabash River, suggesting that
DNA sequences rapidly degrade to smaller, undetectable fragments. Understanding the degradation
pattern of DNA could be extremely useful to interpretation of eDNA detections. In coordination with
USFWS and USACE, USGS validated a new eDNA extraction kit. Use of this tool has become vital
for early detection of invasive Asian carp. eDNA is genetic material from cells shed from fish into the
water, and can include skin cells, intestinal cells, and sperm and eggs. eDNA can also come from fish
carcasses in the water, from boats and fishing gear that have been used in areas with Asian carp, and
from waste from animals that have eaten the fish. USGS is continually examining how Asian carp
DNA is distributed in the environment, how it degrades, its persistence in the environment, and the
rates at which it is shed from the fish. USGS is also leading efforts to validate the new genetic makers
that will be used in the USFWS eDNA surveillance program. Partners include USACE and USFWS.

e Development of a rapid and quantitative genetic-based Asian carp detection method

Promising preliminary results indicate that microbial source tracking could complement eDNA
monitoring for Asian carp. Specific microbial populations associated with Grass Carp, Gizzard Shad,
and Silver Carp were observed during initial work on this project, suggesting primers specifically
targeting these microbial populations can be designed and used as biomarkers. USGS scientists
completed sequencing of ribosomal ribonucleic acid (rRNA) from microbes present in the
gastrointestinal tract of Silver Carp, Bighead Carp, Gizzard Shad, and Bigmouth Buffalo taken from
the Wabash River, Illinois River, Mississippi River, Missouri River, and James River. Scientists also
identified unigue bacterial species present in the hindgut of Silver Carp, and developed initial markers
to identify some of the unique bacteria associated with Silver Carp and Grass Carp. Early detection is
a vital part of managing any invasive species, including Asian carp. Methods for early detection have
thus far relied on capture of fishes or presence of eDNA from sloughed cells from Asian carp. The
initial goal of this project was to develop and validate a genetic-based method that can complement
current methods of surveillance of Asian carp through identification of microbial populations unique
to the Asian carp gut microbiota in a manner similar to microbial source tracking. Microbial source
tracking is based on the concept that microbes from a polluted site can be traced to source species,
thus indicating the origin of the fecal contamination. If key microbial populations can be identified in
the gastrointestinal tract of Asian carp, these could be used for development of a genetic-based
method to detect presence of Asian carp in water bodies. Partners include the University of Illinois,
Urbana-Champagne (UIUC); INHS; Purdue University; and South Dakota State University.
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e Evaluation of Chicago Area Waterways System Monitoring Network

This project resulted in development of CAWS database on-line observatory
(http://il.water.usgs.gov/data/cwo/). This database includes historical flow and water-quality data
from the CAWS that will streamline hydraulic and water quality model development and calibration.
USGS scientists also completed data acquisition for a bathymetric survey of Lake Calumet. Scientists
evaluated historical databases and the current network of USGS gaging stations on the CAWS to
identify critical inputs and gaps in information. Some identified data gaps have been addressed
through various field measurements. Hydrologists completed a synoptic survey of water temperature
throughout the CAWS to provide a snapshot of thermal conditions. The CAWS is on the front line of
the battle to keep Asian carp out of the Great Lakes because of continuous waterway connections
within the CAWS. USGS has been asked to provide hydraulic and water-quality information obtained
throughout this system to assist in eDNA detection, rapid response actions, ecological separation
evaluations, and flow reversals through the electric fish barrier. Current capabilities of flow
monitoring stations on the CAWS are insufficient to address many of these critical issues. Hydraulic
and water quality models of the CAWS are important for data-based decision making. Development
and calibration of these models require flow data from throughout the CAWS. Partners include
Illinois DNR, USFWS, USACE, and the Metropolitan Water Reclamation District of Greater
Chicago.

e Potential for interbasin invasive species movement by way of groundwater pathway near
Lemont, Illinois

This investigation focused on possibility of Asian carp egg and larvae movement via fractures from
the Des Plaines River (DPR) into the Chicago and Sanitary Ship Canal (CSSC) above the electric
barrier that currently prevents their movement into Lake Michigan. Although hydraulic potential
exists for water to flow from the DPR into the groundwater, and from the groundwater into the CSSC,
water-level and water-quality data do not indicate the presence of a fracture or network of fractures
connecting these two water bodies, and thus do not substantiate presence of this migration pathway in
the area of investigation. Nevertheless, there is a possibility that invasive species could move from
the DPR (Muississippi River basin) to the CSSC (Great Lakes basin) through a network of fractures in
the bedrock between these two water bodies. Indeed, when USGS scientists acquired acoustic data
and undertook a field examination of the bedrock, which included the characterization of the geology,
hydrology, sediment, and water quality of the DPR, Illinois and Michigan (1&M) Canal, the CSSC,
and the aquifer between these water bodies along a 19-mile reach of interest, they identified the
geometry of the CSSC and detected areas with fractures that could transport water from the DPR or
I&M Canal to the CSSC by way of the groundwater system. Specifically, researchers acquired
sediment, geologic, and hydraulic data that could indicate a connection between the surface-water
bodies and the groundwater. As another investigative measure, scientists injected dye into the DPR
and tracked this dye to see if it traveled through the groundwater into the observation wells or into the
CSSC. Results of this dye tracer test in the DPR indicate that water from the DPR requires more than
14 days to migrate to the CSSC, which is more than the 2 days carp eggs would survive in
groundwater. Partners include USACE.
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e USGS hydrologic support to prevent interbasin transfer of Asian carp at an intermittent
connection of the Ohio River (Wabash River watershed) and Great Lakes (Maumee River
watershed) basins

Scientists installed hydrologic and temperature measurement gauges and video webcam to validate
flooding conditions when observers must mobilize to watch for Asian carp at a barrier fence
constructed at Eagle Marsh, Indiana, a location where an intermittent hydrologic connection occurs
between the Great Lakes and Ohio River basins during periods of high water. Acoustic streamflow
and temperature gages were installed at Graham McCullouch Ditch (Wabash River watershed within
the Ohio River Basin) and Junk Ditch (Maumee River watershed within the Great Lakes Basin) to
measure stream flows and temperatures during episodes of high water after rainfall, and to reveal
periods when flow conditions on Junk Ditch reverse direction westward from the St. Mary’s River
toward Eagle Marsh. USGS also finalized streamflow data from year 1 through review of quality
assurance measurements, and developed rating of streamflow by assessing water level, velocity, and
flow direction measurements. Presence of adult Bighead Carp in the Wabash River basin has been
confirmed for at least 15 years. The Wabash River basin intermittently connects with the Maumee
Basin (Lake Erie) through a former glacial channel at Eagle Marsh in northeast Indiana during flood
stage. This project provides essential streamflow, water temperature, and water-level data to validate
feasible designs of a structure to separate the basins and prevent migration of Aquatic Nuisance
Species (ANS), including adult Bighead Carp and Round Goby, while maintaining the marsh as
viable flood relief for Fort Wayne, Indiana. The data from this project will directly help prevent ANS
migration between watersheds by providing the basis for a design that separates the two basins and
limits possible flooding. Partners include USACE, Indiana DNR, and the Little River Wetlands
Project.

e Removing Uncertainty of eDNA Monitoring for Invasive Species in the Upper Mississippi
River Basin

USGS scientists initiated contact with state natural resource agencies and universities to assist in
collection of native fishes. Scientists also completed the following tasks successfully: collected and
extracted DNA from tissues of native fishes; sequenced mitochondrial DNA (mtDNA) from native
fishes using Next-Generation Sequencing, an efficient method of gene analysis; developed a
searchable library of mtDNA sequences from native fishes; and deposited sequence information into
GenBank (a database of genetic sequences). Uncertainty hinders acceptance of applying eDNA to
monitor invasive species. This technique is potentially useful for early detection of Asian carp DNA
and identification of distribution patterns of DNA in the waterway, because it can presumably detect
presence of DNA in waters where only a few fish may exist. A positive eDNA sample indicates
presence of Asian carp DNA and possible presence of live fish, allowing resource managers to
implement an appropriate management strategy. Uncertainty derives from dependence of this
technology on the specificity of markers used in the assay, and insufficient knowledge of DNA
sequences within most fishes found in these waters for comparison to the eDNA markers. This project
aims to remove much of the uncertainty around eDNA monitoring of Asian carp, and to provide
resource managers with additional information useful for developing programs for surveillance of
native fish populations, including imperiled species. Partners include Minnesota DNR, Wisconsin
DNR, University of Minnesota, and University of Wisconsin.
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e Correlating Asian carp eDNA or microbial tracking with telemetry data in the Wabash
River

USGS scientists collaborated with Purdue University scientists and provided training to Purdue
University personnel on proper procedures for collecting and processing eDNA samples. Studies were
initiated to link Asian carp movement, spawning activity, and abundance to eDNA and microbial
source tracking in the Wabash River. Development of the final report has begun, and release of the
report is anticipated in FY15. The project involves sampling downstream of potential spawning
locations before, during, and after periods of fish movement and probable spawning activity. Those
water samples are to be processed by use of new eDNA markers. Correlating eDNA detection with
fish movement and/or spawning activity can dramatically increase understanding of the meaning of
an eDNA detection and how this might be applied in a management context. Partners include USFWS
and Purdue University

o Augmented Real-Time detection of Bighead Carp at Selected Wabash River and Tributary
Sites

USGS co-located telemetry detectors and temperature sensors at existing USGS streamflow gage
sites, and used telemetry to acquire early-warning, real-time data on movement of acoustically tagged
Bighead Carp and Silver Carp up the Wabash River and selected tributaries toward the adult Asian
carp barrier at Eagle Marsh. A Purdue University network of tagged carp provides an opportunity to
implement early-warning carp detection and control strategies already under development in an
environment similar to those of concern in large streams in the Great Lakes and upper Mississippi
basins. Data from the USGS real-time gages will help accelerate Indiana DNR and Ohio DNR
responses to adult Asian carp migration events in the Wabash River watershed toward the Eagle
Marsh adult Asian carp barrier to the Great Lakes. This also will allow earlier acquisition of quality
assurance data regarding presence of Asian carp to support USGS validation testing of emerging
rapid eDNA and microbial tracking methods of detecting Asian carp. This information on Asian carp
movements and spawning events and relations of these to temperature and flooding conditions
(Purdue University/lllinois DNR study) will increase our understanding of how these fish may
migrate within similar large rivers in the Great Lakes basin. Additional scientific activity prior to this
work included identifying locations to disrupt spawning success, and focusing on evaluation of
response of Asian carp eggs to electrical fields, sonication, etc., in order to develop methods to reduce
egg viability while the eggs drift downstream of Asian carp spawning areas. USGS procured,
installed, and is operating (1) four automated receivers at or near existing USGS streamgage sites to
monitor and transmit real-time data on movements of acoustically tagged Asian carp, and (2)
temperature sensors at these sites to indicate thermal conditions favorable to carp migration.
Installation of USGS real-time detectors of acoustically tagged Asian carp on USGS streamgages at
mainstem Wabash and Little Rivers will allow evaluation of whether and how real-time streamflow
data correlate with Asian carp detections. This project will enable relocation of several existing
stationary receivers operated by Purdue University researchers to other Wabash River or tributary
sites where more data are needed regarding fish movements. Asian carp detection data from the real-
time sites will be reported on-line at approximately 1-4 hour intervals via the existing USGS National
Water Information System NWIS-WEB system (http://waterdata.usgs.gov/in/nwis/rt), and will be
archived in that system. In previous work on the Wabash, scientists also tested use of physical
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methods to disrupt Asian carp spawning activities in identified tributaries coupled with attractant
pheromones to limit success of Asian carp reproduction. Partners include Indiana DNR and Purdue
University.

e Investigating the status of Grass Carp in the Sandusky River

Completed efforts include identifying sampling locations and testing gear on the Sandusky River, and
sampling three consecutive days during the first high-flow event in early June 2014. In late 2012, a
commercial fisherman caught six Grass Carp in the Sandusky River, Ohio. Scientists determined that
all six Grass Carp were available to reproduce, and likely had spawned during spring 2011, each from
a unique set of parents. Microchemistry analysis indicated that the fish had spent their entire lives in
the Sandusky River, thus implying presence of a spawning population of adult Grass Carp in the
river. This provided the first indirect evidence of Grass Carp reproduction in the Great Lakes, but
direct evidence is lacking. The goal of this project is to find and analyze direct evidence of this.
Project researchers at the USGS Lake Erie Biological Station will be using three different gears to try
to capture eggs and larvae of Grass Carp: bongo nets, light traps, and dipnets. A Grass Carp Initiative
is also forming to bring together state resource managers and other federal agencies to collectively
move forward intelligently and efficiently. Partners include Ohio DNR and Bowling Green State
University.

e Refinement and standardized implementation of environmental DNA analysis for use in
early detection monitoring of Asian carp

o0 Implementation of science-based standard operating procedures to ensure consistent
use of eDNA sampling for Asian carp monitoring

USFWS is responsible for maintaining the Quality Assurance Project Plan (QAPP): eDNA
Monitoring of Bighead and Silver Carps
(http://www.fws.gov/midwest/fisheries’eDNA.html). The QAPP serves as the standard
operating procedure to ensure continuity among all agencies involved in eDNA monitoring
activities by setting the same protocols for collection and processing of eDNA samples. The
QAPP developed by the USACE-USFWS team has been peer-reviewed; the processes and
methods have been audited by the U.S. Environmental Protection Agency (USEPA), and
verified in at least three independent federal labs, as well as in academic labs; and the
methods have been evaluated by an independent external peer review team. The updates,
modifications, and improvements are continually validated in several laboratories and peer-
reviewed. All users of eDNA for early detection of Bighead Carp and Silver Carp are
strongly encouraged to follow the QAPP, so that results can be comparable and meet the
same standard of rigor.

o0 Environmental DNA Calibration Study (ECALYS)

ECALS is a multi-year study to improve understanding and interpretation of detection of
Asian carp DNA in environmental samples (eDNA) used in early detection monitoring. The
study involves collaboration among USACE, USGS, and USFWS. ECALS addresses three
major Action Items from the Asian Carp Regional Coordinating Committee’s (ACRCC)
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Asian Carp Control Strategy Framework, results of which to date are presented below.
ECALS began in 2011 as a direct result of improving our knowledge and interpretation of
eDNA findings in the CAWS, and how to use the results in a context of management
decision-making. Initial ECALS efforts focused on eDNA vectors, whereas marker
development and calibration experiments received greater attention in 2013.

Analysis of potential Asian carp eDNA vectors

In addition to DNA shed by live Asian carp, vectors of Asian carp eDNA could transfer
eDNA into the CAWS. Initial ECALS work on potential eDNA vectors included studies that
confirmed storm sewer transport, transport via fishing gear, bird transport and deposition of
eDNA, fish carcasses and transport on barges, and presence of eDNA in sediment. In 2013,
ECALS further investigated vessel hulls, fishing nets, and sediment eDNA. The vessel hull
and fishing net trials in 2013 confirmed presence of very large quantities of eDNA possibly
transported by these vectors. Sediment studies confirmed that eDNA sorption on sediments
can occur, and low-level, long-term eDNA releases are possible from undisturbed and re-
suspended sediment (based on 21-day study). It was concluded that sediment eDNA
contributions to water samples are likely minimal unless turbidity is high or particulate matter
is captured on the filter (current practice is to analyze filtered solids rather than the dissolved
filtrate fraction).

Asian carp eDNA genetic marker development

The original eDNA markers developed for both Bighead Carp and Silver Carp were
conventional end-point polymerase chain reaction (PCR) or competitive polymerase chain
reaction (CPCR), which detect short segments of the mtDNA control region (or “D-loop™) and
provide information primarily on presence/absence of that DNA in a sample. One of the
objectives of ECALS was to develop a suite of different markers with different capabilities,
including (1) improved detection probabilities by increasing the number of markers
concurrently assayed, (2) more efficient processing by reducing background non-target PCR
amplification, (3) real-time quantitative PCR (gPCR) estimates of DNA abundance (QPCR
has added benefit of increased efficiency by eliminating need for gel electrophoresis and
reducing or eliminating need for sequencing), (4) data on allelic variability (or
“polymorphism”) to a degree that will allow at least broad estimation or corroboration of
Asian carp abundance, and (5) some indication of the nature of an eDNA sample or time
since deposition of that eDNA sample. The data generated in this study allowed us to develop
markers better tailored to detection of individuals from the Asian carp populations in North
America. This is an improvement from the original D-loop markers and markers designed for
this study that had been chosen from mtDNA regions most divergent among species; the data
acquired during this study should correspond to markers with highest likelihood of being
species-specific. The new real-time PCR markers developed as part of this study were then
tested for reliability in three independent federal labs (USFWS, USGS, USACE), within the
national quality control framework of Minimum Information for Publication of Quantitative
Real-Time PCR Experiments (MIQE). The validation study had two primary objectives: (1)
validate reliability of new real-time PCR markers, and (2) compare detection of carp DNA
via new markers with the original cPCR markers in several different surface waters (three
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known carp positive and three known carp negative). Both objectives were met: all new real-
time PCR markers passed minimum national requirements, and use of all new markers was
successful in detecting presence of carp DNA in carp positive water, while indicating no or
very low presence of carp DNA in presumed negative water. Results were shared with state
partners during a June 2014 workshop that documented the entire study and results. The new
markers were then approved for integration into the QAPP for use in eDNA monitoring
throughout the region. A formal, peer-reviewed report of results from this study is under
development.

Increasing Asian carp eDNA analysis efficiency and calibration

Presently, the time from field sampling to analytical results for eDNA can take as long as 2
weeks. Even before laboratory analysis, several hours of very intensive fieldwork followed
by laborious sample filtering are required. ECALS has evaluated ways to reduce time and
effort during this process. Identification of the most cost- and time-efficient extraction
approach and most robust cross-platform qPCR approach will benefit future monitoring
efforts. Initial ECALS work compared different DNA extraction kits, evaluated different field
sampling protocols (filtration, centrifugation, sieve cloth), and compared results from
sampling at different depths in the CAWS. Based on these efforts, changes to the QAPP have
occurred.

Calibration Studies

Calibration studies seek to examine eDNA release (i.e., shedding) rates and degradation rates
under laboratory conditions to inform hydrodynamic modeling of how water flow may
distribute deposited eDNA in the CAWS. The team designed experiments to determine how
fish size, number, behavior, water temperature, and diet influence eDNA loading (or
shedding) by Asian carp. The team also investigated sperm as a source of eDNA over time
under static water conditions.

Loading Studies

Loading studies have shown that eDNA shedding rates are consistent at different water-flow
rates, but vary according to feeding rates of fish. Fish fed algae shed nearly 10-fold higher
rates of eDNA than non-fed fish, likely due to intestinal cells sloughing off in excrement.
Non-fed fish shed detectable amounts of DNA, but studies comparing shedding rates among
different aged fish (juvenile, subadult, and adults) have not shown statistically significant
differences in amounts of eDNA. We found no correlation between water temperature and
eDNA shedding rates, but eDNA loading did correlate with fish density. Studies of eDNA
from sperm in water showed that eDNA was detectable for at least 17 days. In controlled lab
studies, eDNA in water samples can be quantified using gPCR, but accuracy depends on
time-consuming but necessary optimization of the assay (cycling temperature, reagent
amounts). In the environment, the quantity of DNA can be highly variable, likely reflecting
clumped eDNA distribution.
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Degradation Studies

Trials assessing influence of environmental factors on degradation rate of eDNA assessed
effects of temperature, pH, microbial loads, light, and water turbulence. Most eDNA in these
trials degraded either rapidly or very rapidly over a few days, but in all cases a small portion
of eDNA persisted beyond 2 to 4 weeks. Temperature, pH, and microbial load have been
identified as factors that can affect degradation, notably that higher temperature, higher pH,
and higher microbial loads are associated with more rapid DNA degradation. In every case,
DNA abundances capable of producing positive detections with gPCR or conventional PCR
assays persisted beyond the length of trials (14, 15, 28, or 91 days).

Probabilistic Model

To integrate what has been learned through ECALS and other ACRCC studies, a conceptual
model has been developed to provide a structured visualization of potential eDNA inputs
(e.g., presence of a live fish vs. vectors of eDNA), and to identify factors or variables that
influence release, transport, persistence, and detection of eDNA in the CAWS.
Parameterization of the model is occurring, building upon the conceptual model previously
developed. Information from other ECALS activities and other sources is being used to
parameterize the model.

e Implementation of an eDNA-based early detection monitoring program for Asian carp

USFWS is the lead federal agency for use of eDNA as a genetic surveillance method for early
detection of Bighead Carp and Silver Carp in the Midwest Region. In 2013, USFWS implemented a
comprehensive, basin-wide eDNA Monitoring Program targeted to detect genetic presence of these
two species of Asian carp in the Great Lakes, Ohio River, and Upper Mississippi River (also
including the CAWS). The goal of the program is to use eDNA as a monitoring tool for early
detection of genetic presence of Bighead Carp and Silver Carp DNA, and to use this information to
help inform other monitoring efforts, such as state-directed netting and traditional sampling methods
or rapid assessment tools. In developing the Regional Monitoring Program, USFWS coordinated
with states, as well as Canada, to identify sampling sites and determine the number of samples to be
collected during 2014. Water samples collected as part of this program are tested for presence or
absence of genetic material from Bighead Carp and Silver Carp, processed by the USFWS Whitney
Genetics Lab (WGL) in Onalaska, Wisconsin. Following a 5-business day notification period to the
states, results of all sampling efforts will be posted on-line

at http://www.fws.gov/midwest/fisheries/eDNA.html. WGL was created as a result of a request by
state resource agencies involved in ACRCC. ACRCC, USACE, USFWS, and state partners decided
that USFWS should manage the carp monitoring program. The new lab was constructed in Onalaska,
Wisconsin, at the La Crosse Fish Health Center, and is a 5800-square-foot, state-of-the art facility
completed in November 2013 and staffed by six personnel: a molecular geneticist, three fish
biologists, and two biological science laboratory technicians. After completion of a rigorous
transition plan to demonstrate competence and adherence to the QAPP, WGL has assumed
responsibility of processing all official eEDNA monitoring samples. The lab also participates in
validation studies regarding all upgrades and changes to the QAPP, and collaborates with eDNA
researchers in USGS, USFWS, and USACE. Sampling sites for 2014 included waters of the CAWS,
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Great Lakes, Ohio River, and the Upper Mississippi River. Sampling sites in the CAWS were
concentrated at entryways to Lake Michigan, including the North Shore Channel, Chicago Lock,
Lake Calumet, and the Little Calumet River. CAWS sites were sampled twice in 2014, each time
immediately prior to the Seasonal Intensive Monitoring events scheduled for June and September as
outlined in the 2014 ACRCC Monitoring and Response Plan. The sites and their respective priority
levels in the Great Lakes, Ohio River, and Upper Mississippi River were chosen based on evaluation
from the USACE GLMRIS Report and extensive input from state natural resource agencies. USFWS
also maintained a reserve of samples to repeat sampling at specific areas or to sample in other areas as
requested by the states.

Integrated Pest Management Strategies and Controls

o Evaluation of an Integrated Pest Management approach to control of Bighead Carp and Silver
Carp

In a collective establishment of an IPM approach, three techniques were utilized: (1) USGS scientists
deployed algal attractants (a mixture of powdered algae and water that Asian carp find desirable) at
the Morris, Illinois site (a backwater of the Illinois River) to determine behavioral response to the
installed feeding stations; (2) water guns were manipulated to keep carp in the designated area and
move carp toward nets for capture, and (3) commercial fisherman were employed (lllinois DNR) to
net and remove Bighead Carp. Fisherman successfully withdrew over 15,000 pounds of Bighead
Carp, significantly more than had occurred during previous efforts. Scientists assessed change in fish
distribution within the backwater as a function of algal feeding, water gun barrier operation, and
commercial fishing pressure, and determined presence of fish near the water gun barrier.
Understanding Asian carp history from various levels and perspectives is essential for development
and application of tools for prevention, surveillance, and control of Asian carp. Integrating several
developing management controls within this project via an IPM approach enabled us to identify
vulnerabilities of Asian carp that can be exploited for control. The goal of this work was to evaluate
an approach to integrate various potential controls, with intent to increase/maximize effectiveness and
efficiency of Asian carp control. Partners include Illinois DNR and Southern Illinois University.

e Communication and demonstration of new technologies for controlling and monitoring Asian
carp

USGS scientists conducted a demonstration of various new Asian carp control technologies
incorporated into an IPM strategy at a backwater location (abandoned quarry) adjacent to the Illinois
River near Morris, Illinois. State and federal natural resource agency partners participated in the
demonstration, which included coordinated application of seismic water guns, algal feeding
attractants, acoustic fish tracking, and commercial fishing, with the goal of reducing the Asian carp
population within the backwater quarry. Scientists from the partner agencies collaborated and
evaluated the multiple control technologies implemented during field tests to examine potential
effectiveness of these technologies as Asian carp control mechanisms. Critical information on new
and emerging Asian carp control and monitoring technologies is, and will be, communicated to
agency decision makers and managers continually to ensure effective planning and, if needed,
implementation of these new tools. USGS continually conveys results from multiple, concurrent
research projects to stakeholders and managers via coordinated site visits and other communications
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to demonstrate effectiveness and application of new monitoring and control technologies. Partners
include Illinois DNR and Southern Illinois University.

Dispersal/Barrier Technology

Use of seismic technology to control Asian carp movement

USGS scientists and partners conducted studies focused on both biological and structural implications
of using water guns for controlling Asian carp. Seismic water guns employ sound pressure wave
technology to emit pulses of acoustic energy that alter Bighead Carp and Silver Carp behavior by
creating pressure barriers that contain, repel, or herd Asian carp. Potentially, this technology can be
manipulated to deny Bighead Carp and Silver Carp access to off-channel refuge areas, to create static
barriers to fish movement, or to disrupt spawning. Scientists measured effects of the pressure waves
created by the deployed water guns to ensure that the emitted pressure would not exceed safe and
acceptable levels identified by USACE for avoiding damage to lock structures and channel walls.
USGS scientists also created pressure maps indicating and analyzing the sound pressures from water
guns deployed in man-made ponds under field conditions. Water gun testing was used in
combination with algal attractants, hydroacoustic technologies, and commercial fishing efforts to
further develop a multi-pronged IPM strategy for Asian carp control. Scientists examined effects of
waterguns on carp behavior and found that carp move away from the waterguns, thus verifying
effectiveness of this component of the integrated effort. USGS and USFWS initiated ongoing
coordination on necessary additional research and evaluations to determine potential effects of water
guns on native mussels, and to identify potential high-priority, suitable locations for initial
deployment of both static water gun barriers and mobile water gun systems. Partners include Illinois
DNR, USACE, USFWS, UIUC, and Southern Illinois University.

Field testing of carbon dioxide barrier to deter Asian carp

Scientists completed a large-scale evaluation of the behavioral response of Bighead Carp and Silver
Carp to deployment of a carbon dioxide barrier. Behavioral responses of non-target fishes (Bigmouth
Buffalo, Channel Catfish, Paddlefish, and Yellow Perch) were also assessed. When carbon dioxide is
added to water, it reduces pH and increases concentrations of dissolved carbon dioxide in the water.
Fish have specialized receptors in their gills to detect carbon dioxide, and to detect and avoid areas of
increased carbon dioxide concentration. Results of testing in study ponds indicated that small fish
detected and avoided areas of elevated carbon dioxide concentration, and larval fish experienced
significant physiological disturbances similar to adult fishes. Together, these and other results to date
have indicated that environments of elevated carbon dioxide act strongly as a non-physical barrier
detering movement of fishes of many body sizes (small fingerlings to adults). USGS has also been
working with USEPA on registration of carbon dioxide as a barrier and a control agent, and with
USFWS on addressing Section 7 Endangered Species Act (ESA) requirements. Previous work has
demonstrated that carbon dioxide gas applied to water can cause significant behavioral, physical, and
physiological disturbances of Asian carp and induce their efforts at active avoidance. These results
seem to promise significant benefits from application of carbon dioxide as a novel fish barrier, as a
redundant barrier technology supplementing existing electric barriers. The overall goal of this project
is to quantify effectiveness and feasibility of using carbon dioxide gas as a novel Asian carp deterrent
at ecologically relevant scales in real-world scenarios. A full-scale carbon dioxide barrier at a location
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was developed, implemented, and tested. Quantitative evidence of barrier effectiveness was
accomplished through use of a telemetry array or remote monitoring of fishes currently residing
downstream of the lock chamber. Partners include University of Illinois, USACE, USEPA, and
Illinois EPA.

Feeding Ecology-Based Control Technology

e Field evaluation of chemical attractants to control Asian carp/development of protocols for field
verification of response

USGS scientists tested algal attractants to Asian carp in both the Illinois and Missouri Rivers to
identify potential mixtures for use in control actions based on degree of persistence and duration of
fish attraction, and developed related protocols to quantify and evaluate responses for management
use during field application. Selection and location of food sources by filter-feeding fish such as
Asian carp are largely based on chemical cues specific to desired items. Scientists also field tested
new automated feeding apparatus for algal food attractants in the Missouri River, conducted tests to
confirm the possibility that carp can be conditioned to feeding stations which can be used to facilitate
their capture, and explored methods for sustained release of the stimulant through tests of various
media. During this research, scientists determined that Asian carp were strongly attracted to a liquid
mixture of powdered algae and water, a very significant finding for developing subsequent food-
based control methodologies. Further studies were conducted to quantify the results and enhance the
techniques for use in the field. Partners include state natural resource agencies and USFWS.

o Developing Targeted Microparticle and Piscicide Control Systems for Asian Carp

Through various studies to enhance selectivity of microparticles (oral toxicant), scientists (1)
identified antimycin as the toxin to incorporate in the microparticle, (2) determined that Silver Carp
and Bighead Carp prefer to eat particles of a specific size, (4) designed the microparticle at the
preferred size, and (3) found that the Asian carp digestive system is the best location for selective
release of the microparticle where the enzyme trypsin, present in greater quantity in Asian carp than
in native fish, triggers release of the toxin within the carp, thus avoiding harm to native fish. Testing
occurred in the lab and is expected to move to the field in FY15. USGS scientists are also developing
additional particles capable of delivering other types of control agents including chemical controls
and biological control agents such as fish pathogens. Current toxic control agents registered for use
to control invasive or nuisance fish are not selective, and when applied throughout the entire water
column, result in equal exposures to native fishes. Development of a microparticle delivery system
selectively consumed by or active in filter-feeding Bighead Carp and Silver Carp, and that could
reduce impacts on non-target species by limiting their exposure to the control agents, requires a better
understanding of native species and Asian carp feeding habits, filtering anatomy, digestive
physiology, and metabolism. Using technologies developed for aquaculture and for pharmaceutical
and agrochemical industries, USGS is developing and evaluating different microparticle formulations
to identify those that may deliver biological or chemical agents to control populations of Bighead
Carp. Applied in conjunction with the feeding attractants developed by USGS scientists, managers
could target delivery of control agent-laden microparticles at locations where Bighead Carp
congregate to feed, thus minimizing the area within which the microparticles are applied and limiting
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potential effects on native species. Partners include Advanced BioNutrition Corporation, INHS,
Purdue University, University of Wisconsin — La Crosse, UIUC, and Viterbo University.

Developing targeted control systems for Asian carp based on species-specific digestive system
characteristics

USGS scientists conducted research on the feeding physiology of Asian carp to gather information
needed for developing feeding-related control technologies. Little information is available on
overwintering feeding habits of Asian carp and native plankton-eating fish species (planktivores) in
northern rivers of the United States. Analyses of diets of these species that potentially compete
directly for resources suggest that Silver Carp feed at temperatures and times that native planktivores
do not. This information will help determine optimal time for applying Asian carp control toxicants
(for example, an oral toxicant), which will decrease the potential undesirable impacts on non-target
native fishes while maximizing impacts on the target invasive species (Asian carp). In addition,
research yielded further important information on the biochemistry of Asian carp nutrition and
digestive processes, allowing researchers to pinpoint the best location for releas