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Key Terms
bigheaded carp	 A collective term for Hypophthalmichthys nobilis (bighead 

carp) and H. molitrix (silver carp).

environmental deoxy- 
ribonucleic acid (eDNA)	 Organismal deoxyribonucleic acid (DNA) found in  
	 the environment.

integrated pest management	 An approach that uses biological, cultural, physical, and 
chemical tools in a way that reduces risks to human health, 
the environment, and the economy. It is a science-based 
decision-making process that incorporates management 
goals, consensus building, biology, monitoring, environmental 
factors, and selection of the best available technology 
to achieve desired outcomes while managing effects on 
nontarget species and the environment and preventing 
unacceptable levels of damage.

invasive carp	 A collective term for bighead carp, Mylopharyngodon piceus 
(black carp), Ctenopharyngodon idella (grass carp), and 
silver carp. Also known as “Asian carp” and “four major 
Chinese carp.”

invasive species	 With regard to a particular ecosystem, a non-native organism 
whose introduction causes or is likely to cause economic 
or environmental harm or harm to human, animal, or plant 
health (3 CFR 13751).

structured decision  
making (SDM)	 An approach to identify and evaluate natural resource  
	 management alternatives. SDM incorporates decision  
	 theory and risk analysis and input from experts,  
	 interested parties, and decision makers to deal with  
	 complexity and uncertainty. SDM may include  
	 consideration of management alternatives, tradeoffs,  
	 and consequences, as well as inclusion of values-based  
	 input (Compass Resource Management, 2013).

United States	 The 50 States; the District of Columbia; the territories of 
American Samoa, Guam, Puerto Rico, the U.S. Virgin Islands, 
and the Commonwealth of the Northern Mariana Islands; and 
U.S. insular possessions, including the Midway Islands, Wake 
Island, Palmyra Atoll, Howland Island, Johnston Island, Baker 
Island, Kingman Reef, Jarvis Island, and other U.S. islands, 
cays, and reefs that are not part of the 50 States.





U.S. Geological Survey Invasive Carp Strategic 
Framework, 2023–27

By Duane Chapman, Jon Amberg, Robin Calfee, Enrika Hlavacek, Jon Hortness, P. Ryan Jackson, David C. 
Kazyak, Brent Knights, and James Roberts

Vision Statement
The vision behind this strategic framework is to enable 

U.S. Geological Survey researchers to pursue a portfolio 

of leading-edge, partner-driven science for development, 
evaluation, and refinement of technologies for prevent-
ing the spread of bighead, black, grass, and silver carp to 
uninvaded waters and for reducing populations or effects of 
these species where they are present or established.

Introduction	
The collective term “invasive carp” includes 

Hypophthalmichthys nobilis (bighead carp), Mylopharyngodon 
piceus (black carp), Ctenopharyngodon idella (grass carp), 
and H. molitrix (silver carp). These species were formerly 
known as “Asian carp,” but for scientific and societal reasons 
(Kočovský and others, 2018) and following the Presidential 
Memorandum of January 26, 2021, “Condemning and 
Combating Racism, Xenophobia, and Intolerance Against 
Asian Americans and Pacific Islanders in the United States,” 
the U.S. Geological Survey (USGS) abandoned that term and 
adopted “invasive carp” when referring to these species col-
lectively. In some scientific publications they are referred to 
collectively as the four major Chinese carps (Song and others, 
2018). Bighead carp and silver carp (together “bigheaded 
carp”) are filter-feeding planktivores that restructure the food 
web by their consumption of the foundation of that web, with 
effects that cascade throughout the ecosystems they invade. 
Silver carp also jump out of the water when disturbed, which 
can injure watercraft operators and recreational users and 
damage their property. Grass carp are unique among freshwa-
ter fish in their ability to consume large amounts of aquatic 
vegetation. This characteristic has resulted in the highly suc-
cessful use of grass carp as a biocontrol for nuisance vegeta-
tion and the broad distribution of grass carp across much of 
the Nation. Unfortunately, uncontrolled populations of grass 
carp can result in the decimation of beneficial vegetation that 
is habitat for native fish and waterfowl and protects shorelines 
from erosion. Black carp, which have a diet predominately 
of mollusks (Nico and others, 2005), are used successfully to 
control nuisance snails in aquaculture. North America has the 
most diverse assemblage of freshwater mussels in the world 
(Williams and others, 1993), but most populations are imper-
iled. Because black carp can reach over 40 kilograms and can 

consume large adult mussels, they pose an existential threat 
to imperiled mussel species. All four species of invasive carp 
have escaped captivity and are reproducing in parts of the 
Mississippi River Basin (Nico and others, 2005). Grass carp 
are also reproducing in tributaries to Lake Erie, one of the 
Laurentian Great Lakes (Embke and others, 2016), and the 
Colorado River upstream of Lake Powell (Brandenburg and 
others, 2019).

USGS research on invasive carp in U.S. waterways began 
in the late 2000s following publication of high-level synop-
ses and risk assessments (Nico and others, 2005; Kolar and 
others, 2007). Those assessments identified several funda-
mental knowledge gaps that needed to be filled in support of 
development of potential control methods. Using discretion-
ary funding, USGS researchers began filling these knowledge 
gaps, studying embryology, diets, and habitats and assessing 
hydrodynamic suitability in potential spawning rivers. These 
early efforts formed the foundation for new areas of research 
with the ultimate goal of informing management efforts. The 
results of this research led to Congress allocating funding to 
further support USGS research, which was initially focused on 
protecting the Great Lakes from invasion by bighead, black, 
and silver carp.

In 2017, building on our past work and acknowledging 
the need for a longer term strategy, the USGS developed its 
first 5-year strategic plan (for the years 2017–21) for invasive 
carp research. Within this period, Congress provided addi-
tional funding, including focused amounts for research on 
grass carp in the Great Lakes and Upper Mississippi River 
Basins and for protection of subbasins of the Mississippi River 
for all four invasive carp species. The strategic plan laid out 
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specific goals and objectives for several research areas that had 
definable endpoints or milestones. Among the major accom-
plishments during 2017 through 2021 were the following:

•	 development of deterrent technologies (Murchy and 
others, 2017), mass removal methods (Chapman, 
2020), and species-specific delivery methods for 
piscicides (Poole and others, 2018);

•	 locating and verifying spawning tributaries and specific 
spawning areas for grass carp in Lake Erie tributaries 
(Embke and others, 2018);

•	 improvements in and novel applications of sampling 
for environmental deoxyribonucleic acid (eDNA) 
for detecting species presence and as an indicator of 
spawning (Erickson and others, 2019);

•	 development and use of novel mathematical models to 
assess the potential utility of various control techniques 
(Erickson and others, 2017);

•	 understanding upstream passage at bottleneck 
dams; and

•	 participation in and leadership of structured decision-
making efforts to identify best management alterna-
tives (Post van der Burg and others, 2021).

In 2020 and 2021, we began large-scale evaluations 
of key deterrent technologies, such as the USGS-developed 
underwater acoustic deterrent system at Lock and Dam 19 on 
the Mississippi River near Keokuk, Iowa, and we partnered 
with the U.S. Fish and Wildlife Service to evaluate a deterrent 
system that incorporates sound, lights, and a bubble screen 
at Barkley Lock and Dam near Lake City, Kentucky. We also 
initiated multiyear evaluations of baits and attractants for grass 
carp in the Great Lakes. All these research lines were sup-
ported and informed by management partner needs.

The years from 2017 to 2021 were also a period of 
increased coordination among State and Federal manage-
ment and research partners and interested parties (app. 1) 
in research and management of bighead, black, grass, and 
silver carp. Coordinating bodies, such as the Invasive Carp 

Regional Coordinating Committee, the Great Lakes Fishery 
Commission, the Mississippi Interstate Cooperative Resource 
Association (MICRA), and the MICRA subbasin invasive carp 
partnerships, worked with States to identify broad research 
needs and priorities, which were communicated by way of 
priority documents and strategic plans. Annual USGS research 
efforts within our existing program reflected those priorities.

The USGS views the next 5 years as a transition from 
the foundation building, tool development, proof-of-concept 
testing, and initial evaluations that characterized the previous 
15 years to a period of implementing and evaluating control 
tools. With past research (app. 2) providing a foundation of 
fundamental science and a suite of potential monitoring and 
control tools and techniques, our emphasis will necessarily 
shift to research needs as defined by management agencies 
for evaluating long-term monitoring and control. However, 
there remain some fundamental biological science needs for 
research on the less studied black carp and on other native and 
invasive species that may need to be addressed to inform deci-
sions on newly conceived control tools. The USGS developed 
this framework to identify ongoing needs for evaluating and 
further developing technologies in support of management of 
bighead, black, grass, and silver carp.

This document is a strategic framework that identifies 
the general areas within which the USGS anticipates research 
needs. The objective is to enable USGS researchers to pursue 
a portfolio of leading-edge, partner-driven science supporting 
the development, evaluation, and refinement of technologies 
for controlling the spread of bighead, black, grass, and silver 
carp to (1) protect the Great Lakes and other uninvaded waters 
from these species and (2) reduce populations where they are 
present or established to minimize adverse effects. A review of 
this document by Federal and State agencies verified the need 
for research on the topical areas identified herein. This frame-
work is not a fixed plan for specific research projects or fund-
ing; rather, it identifies broad topics within which the USGS 
and our partners anticipate research will be needed. This 
framework also allows for flexibility to meet new research 
needs identified by the USGS and our partners.

Specific projects pursued under the topic areas will be 
developed by working directly with the several work groups 
of the Invasive Carp Regional Coordinating Committee, 
the Great Lakes Grass Carp Advisory Committee, MICRA 
subbasin partnerships, and other work groups that may form 
during 2023–27.

The following sections of this document describe the 
motivation behind this strategic framework, outline the role 
of the USGS in researching invasive carp, and present seven 
broad themes of USGS invasive carp research. Previous USGS 
research is then summarized, and anticipated research direc-
tions during 2023–27 are described. Lastly, the plan for annual 
evaluation and adjustment of research directions is described.
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Document Purpose and Use	
This strategic framework was created to ensure that 

research performed by the USGS is directed toward furthering 
management-relevant understanding of the effects, detection, 
control, and containment of invasive carp. Ultimately, all 
such efforts are intended to provide the maximum benefit to 
Tribal, State, Provincial, and Federal partners and to United 
States citizens. This document serves as a guide to prioritiz-
ing USGS funding for research on bighead, black, grass, and 
silver carp and provides a framework for evaluating exist-
ing and proposed research by the USGS. This framework is 
intended to provide for proactive response by the USGS to 
changing research needs as they are identified. The frame-
work is intended to allow the flexibility to adapt to changing 
trends, policy, and needs, rather than focusing on short-term, 
actionable tasks.

This strategic framework is designed to be compatible 
with the USGS 2020–2030 Science Strategy (USGS, 2021) 
and the goals of the USGS mission areas and programs. 
Within this framework, the USGS provides the research sup-
port needed to accomplish the goals and priorities expressed 
in the Department of Interior’s Invasive Species Strategic 
Plan (U.S. Department of the Interior, 2021) and in the 
“Management and Control Plan for Bighead, Black, Grass, and 
Silver Carps in the United States” (Conover and others, 2007), 
which was approved by the multiagency Aquatic Nuisance 
Species Task Force. This framework supports priorities for the 
management of invasive carp as expressed in regional plans 
(for example, Mississippi River Basin Invasive Carp Control 
Strategy Frameworks, and the “Lake Erie Grass Carp Adaptive 
Response Strategy—2019–2023” [Lake Erie Committee, 
2018]) and State plans (for example, Ohio Department of 
Natural Resources Division of Wildlife, 2019).

Support of Partner Priorities	

USGS efforts support science needs as expressed by 
State, binational, and regional partners such as the Invasive 
Carp Regional Coordinating Committee (http://​www.invasi​
vecarp.us/​), the Great Lakes Fisheries Commission’s Council 
of Lake Committees (http://www.glfc.org/​council-​of-​lake-​
committees.php), the Great Lakes Grass Carp Advisory 
Committee, MICRA (http://​www.micrar​ivers.org/​), and 
several State agencies (for example, Ohio Department of 
Natural Resources Division of Wildlife, 2019). The USGS is 
a signatory to A Joint Strategic Plan for Management of Great 
Lakes Fisheries (http://www.glfc.org/​joint-​strategic-​plan-​
committees.php), which has relevance for USGS research in 
the Great Lakes. Preventing entry of bighead, black, and silver 
carp to the Great Lakes is a high priority for Canada (Mandrak 
and Cudmore, 2004), our binational partner in research and 
management of the Great Lakes, and informs Canadian 
efforts toward prevention and management. USGS research 

also supports efforts of Federal management partners, such 
as the invasive carp subbasin partnerships (that is, the inva-
sive carp partnerships of the Upper Mississippi River; Lower 
Mississippi River; Missouri River; Ohio River; Tennessee and 
Cumberland Rivers; and Arkansas, Red, and White Rivers), 
the U.S. Army Corps of Engineers, the Tennessee Valley 
Authority, the National Park Service, and regional aquatic 
nuisance species panels. The USGS will remain apprised of 
the priorities of the various agencies, interested parties, basin 
and subbasin partnerships by attendance of USGS represen-
tatives at appropriate subbasin partnership meetings and at 
professional society conferences, by direct contacts between 
USGS scientists and managers, and by soliciting partner input 
at periodic symposia of USGS invasive carp research.

Priorities and goals of these groups may change over 
time, and the USGS must anticipate and be responsive to those 
changes without compromising a cohesive long-term strategy 
and while respecting USGS mandates and priorities. This 
approach will require USGS researchers to strike a balance 
among (1) completing existing lines of research on beneficial 
tools and products already in development or undergoing 
evaluation of efficacy, (2) leading development of new lines 
of research, and (3) responding quickly to developing needs 
and the changing priorities of partner agencies as expressed 
by interested parties and through basin and subbasin invasive 
carp partnerships.

Support of Regional Priorities	

Priorities and approaches to invasive carp management 
vary across the United States, and this variation must be con-
sidered as part of the overall USGS approach. For example, 
management efforts in the Mississippi River Basin generally 
focus on containment and control and are coordinated by the 
U.S. Fish and Wildlife Service in partnership with MICRA 
through the multiple subbasin invasive carp partnerships. In 
contrast, efforts in the Great Lakes Basin generally focus on 
preventing invasion by bighead, black, and silver carp and 
reducing the grass carp population and are coordinated by 
a well-established multijurisdictional fishery management 
structure. In addition, there are areas of emerging or potential 
concern, such as the Upper Colorado River Basin (States of 
Colorado, Utah, and Wyoming), where reproduction of grass 
carp has been observed (Brandenburg and others, 2019), and 
the Hudson River (State of New York), where at least one dip-
loid grass carp has been captured (USGS, 2022a). The USGS 
strives to work within governance structures in the several 
basins in which our research is conducted while maintaining 
a broad perspective on the applicability of research to other 
geographic areas.

http://www.invasivecarp.us/
http://www.invasivecarp.us/
http://www.glfc.org/council-of-lake-committees.php
http://www.glfc.org/council-of-lake-committees.php
http://www.micrarivers.org/
http://www.glfc.org/joint-strategic-plan-committees.php
http://www.glfc.org/joint-strategic-plan-committees.php
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Funding Authority and Congressional Priorities	

The USGS was established by The Organic Act of 1879, 
as amended. The USGS was tasked with production of science 
for the benefit of the Nation. Several acts of Congress from 
2012 to 2022 (table 1) have resulted in directed funding of 
$11.0 million annually to the USGS for research in support of 
management of invasive carp in three broad areas. A total of 
$6 million is for research toward preventing invasion of the 
Great Lakes by bighead, black, and silver carp; $2 million is 
for research within the six named subbasins of the Mississippi 
River (the Upper Mississippi; Lower Mississippi; Missouri; 
Ohio; Tennessee and Cumberland; and Arkansas, Red, and 
White River subbasins); and $3 million is for research to 
control grass carp in the Upper Mississippi River and the 
Great Lakes.

Table 1.  Annual Federal funding for U.S. Geological Survey research on invasive carp, by fiscal year and funding authority, 2012–22.

[A fiscal year is from October 1 through September 30 and is designated by the calendar year in which it ends. H.R., House of Representatives]

Fiscal 
year

Annual funding (millions)
Authority

General Grass carp

2012 $2.50 $0.00 H.R. 2055—Consolidated Appropriations Act
2013 $2.50 $0.00 H.R. 933—Consolidated and Further Continuing Appropriations Act
2014 $3.50 $0.00 H.R. 3080—Water Resources Reform and Development Act
2015 $5.50 $0.00 H.R. 83—Consolidated and Further Continuing Appropriations Act
2016 $5.50 $0.00 H.R. 2029—Consolidated Appropriations Act
2017 1$5.62 $0.00 H.R. 244—Consolidated Appropriations Act (Public Law 115–31)
2018 $5.62 $0.00 H.R. 1625—Consolidated Appropriations Act
2019 $7.62 2$2.00 House Report 116–9—Making Further Continuing Appropriations for the Department of 

Homeland Security for Fiscal Year 2019, and for Other Purposes
2020 $10.62 $3.00 H.R. 1865—Further Consolidated Appropriations Act (Public Law 116–94)
2021 $10.62 $3.00 H.R. 133—Consolidated Appropriations Act (Public Law 116–260)
2022 $11.00 $3.00 H.R. 2371—Consolidated Appropriations Act (Public Law 117–103)

1Congress included $120,000 of nonspecific appropriated funds in the budget for invasive carp research.
2Congress provided $1 million in new funding and directed the U.S. Geological Survey to redirect $1M from land and water research activities.

From the U.S. Geological Survey 
(USGS) Science Strategy 
(USGS, 2021, p. 2):

“The USGS mission is to monitor, analyze, and 
predict current and evolving dynamics of complex human 
and natural Earth system interactions and to deliver 
actionable intelligence at scales and timeframes relevant 
to decision makers.

The USGS is committed to an unbiased and impartial 
scientific understanding of the Earth’s systems and to con-
tinually evolve as societal needs change while embracing 
new technologies and capabilities.

Our vision is to
Lead the Nation in 21st-century integrated research, 

assessments, and prediction of natural resources and 
processes to meet society’s needs.”
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Roles, Responsibilities, and Commitments of the U.S. Geological Survey for 	
Invasive Carp Science	

USGS research produces actionable intelligence and tools 
for managers and decision makers to employ in the control of 
bighead, black, grass, and silver carp populations. The USGS 
investigates how multiple control tools may be integrated to 
reach management goals, under the principle of integrated 
pest management (fig. 1). A key focus is applied research 
with specific goals of assisting managerial objectives identi-
fied by partners. At times, research efforts are directed toward 
basic biological understanding of invasive carp because that 
understanding is a prerequisite for effective, efficient, and safe 
application of control tools. A basic biological understand-
ing is also sometimes necessary before new techniques can 
be hypothesized or envisioned. Basic research results are also 
often applicable to risk assessments and to structured decision 
making, resulting in improved products. Because the basic 
research on biology of invasive carp is at the foundation of all 
empirical analyses, this information provided by the USGS 
is used by other interested parties for their own scientific, 
management, and educational outreach purposes. All USGS 
invasive carp research, whether basic or applied, is performed 
with the ultimate goal of improving the ability of managers to 
control invasive carp or ameliorate their undesirable effects.

The USGS provides technical support to partners and the 
public. This includes dissemination of technology developed 
by the USGS, as well as making existing scientific knowledge 
more accessible. This support is provided through workshops, 
symposia, and the direct availability of individual USGS sci-
entist expertise to partners. Our science products are published 
in the peer-reviewed literature, including USGS publica-
tions, presented at scientific and management meetings, and 
announced through fact sheets and other forms of outreach. 

USGS scientists respond to requests from the public media to 
provide unbiased information on invasive carp. On request, 
the USGS provides information to the public, to public media, 
or to partner agencies on how to prevent inadvertent intro-
ductions of invasive carp into new areas. News releases are 
developed to provide information on USGS products and find-
ings that are relevant to the public. We provide graphics and 
information for partners to use in their own outreach efforts. 
We provide information on USGS invasive carp science to 
the public via web pages, such as the Nonindigenous Aquatic 
Species database (http​s://nas.er​.usgs.gov/​) or pages maintained 
by individual USGS science centers, and we provide infor-
mation to be posted online by partners such as the Invasive 
Carp Regional Coordinating Committee or State, Tribal, or 
Federal partners.

USGS research and technical support on invasive carp 
has overlap with, supports, and is supported by multiple USGS 
mission areas and programs. Although most research is funded 
by the Ecosystems Mission Area (h​ttps://www​.usgs.gov/​
mission-​areas/​ecosystems/​about-​ecosystems-​mission-​area) and 
the Biological Threats and Invasive Species Research Program 
(h​ttps://www​.usgs.gov/​mission-​areas/​ecosystems/​biological-​
threats-​and-​invasive-​species-​research-​program), links to other 
mission areas (h​ttps://www​.usgs.gov/​science/​mission-​areas) 
will enhance USGS products and help them fulfill the Nation’s 
information needs. Links to the Species Management Research 
Program (h​ttps://www​.usgs.gov/​mission-​areas/​ecosystems/​
species-​management-​research-​program) are particularly 
strong because invasive carp have adversely affected fisher-
ies wherever they invade. Climate change may affect where 
invasive carp can invade, and the carp invasion, by means of 

IPM to minimize 
adverse effects of 

invasive carp to 
ecosystems and 

ecosystem services

Extirpate or reduce 
(control) populations

Contain 
populations

Prevent accidental and 
deliberate introductions

Minimize or mitigate 
adverse effects

Share information to 
improve management

Conduct research to 
inform management

Plan, implement, and 
evaluate actions

Figure 1.  Diagram 
of integrated pest 
management (IPM) within 
the U.S. Department of the 
Interior, as it applies to 
invasive carp.

https://nas.er.usgs.gov/
https://www.usgs.gov/mission-areas/ecosystems/about-ecosystems-mission-area
https://www.usgs.gov/mission-areas/ecosystems/about-ecosystems-mission-area
https://www.usgs.gov/mission-areas/ecosystems/biological-threats-and-invasive-species-research-program
https://www.usgs.gov/mission-areas/ecosystems/biological-threats-and-invasive-species-research-program
https://www.usgs.gov/science/mission-areas
https://www.usgs.gov/mission-areas/ecosystems/species-management-research-program
https://www.usgs.gov/mission-areas/ecosystems/species-management-research-program
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the substantial changes they cause in food webs, is relevant to 
the Environmental Health Program (h​ttps://www​.usgs.gov/ 
programs/​environmental-​health-​program) because the inva-
sion affects environmental contaminant cycling and fate. 
The reproductive success of invasive carp is closely tied to 
hydrologic conditions; thus the Water Resources Mission 
Area (h​ttps://www​.usgs.gov/​mission-​areas/​water-​resources) is 
involved in invasive carp science to support deterrent tech-
nologies, control strategies, and risk assessments that depend 
on water quality and hydrodynamics. Furthermore, the USGS 
streamgage network can support real-time fish telemetry and 
be used in forecasting invasive carp spawning conditions.

USGS Fundamental Science Practices policy requires 
that all information and data generated by or funded by 
the USGS that are used in the development of information 

products be released to the public, including partner agen-
cies and unallied researchers (Fundamental Science Practices 
Advisory Committee, 2011). This requirement provides a high 
degree of accountability and allows for the maximum benefit 
to the Nation by ensuring that USGS data can be reliably used 
by researchers inside or outside of the USGS to generate new 
understanding beyond the original intent of the research.

USGS invasive carp science (USGS, 2022b) is focused 
on benefitting the American people, and dissemination of that 
science to those who can benefit is of preeminent importance. 
Projects typically conclude with interpretation and dissemi-
nation of results through data releases, presentations, peer-
reviewed publications, and workshops, often with outreach to 
fishery managers, other interested parties, and Congress.

Themes of U.S. Geological Survey Invasive Carp Science	

USGS invasive carp research has several foci, which as 
a suite have the ultimate goal of providing tools to improve 
early detection of, rapid response to, and containment and 
control of invasive carp populations. Here we briefly outline 
these foci and address challenges that inform our research in 
these areas.

The stages of carp invasion in North America differ 
by species of carp and by region. Different stages of inva-
sion and different environmental scenarios require different 
responses. For example, bigheaded carp are not thought to be 
present in the Great Lakes Basin; barriers to their invasion 
are thus highly desired and appropriate, as are efforts in early 
detection. In areas where carp are more abundant, efforts for 
control, containment, or amelioration of undesirable effects 
might be more appropriate. Although the USGS does not make 
decisions as to what types of control should be deployed for 
any given resource, the USGS provides tools for managers 
that are applicable to any stage or scenario of invasion and 
assists with selection and integration of tools. Our research 

on invasive carp will be aligned with the goals in the national 
plan (Conover and others, 2007) and those of regional part-
ners, interested parties, and the subbasin partnerships.

Invasive carp might have direct effects on the Department 
of the Interior’s trust resources (U.S. Department of the 
Interior, 2022), such as the black carp’s threat to endan-
gered mollusks, but they are also environmental engineers 
that change habitat (for example, removal of vegetation, or 
increased turbidity due to grass carp foraging) and disrupt food 
webs (for example, restructuring of the planktonic community 
by bigheaded carp). Invasive carp may alter environmental 
energy or trophic pathways, sequester nutritive compounds 
such as Omega-3 fatty acids, cause changes in biodiversity and 
species assemblages, and affect the physical environment by 
altering substrates or aquatic vegetation. Our research includes 
risk assessments and directed studies designed to deepen 
understanding of the likely effects of invasive carp.

USGS scientists must be cognizant of the potential for 
undesirable environmental effects of management activities 
and quantify those effects where possible to inform manage-
ment decisions on the deployment of new or existing control 
methods. Invasive carp management activities can occasion-
ally have undesirable short-term effects on native species, such 
as bycatch of native species during research on removal meth-
ods or impeding native fish movements at deterrent research 
sites. USGS scientists must also be aware of the potential for 
undesirable effects of their research activities and avoid unin-
tended harm to the resources they intend to protect or to other 
users of the resource.

The Seven Themes of U.S. 
Geological Survey Invasive 
Carp Science

•	 Deterrents
•	 Genetic control methods
•	 Baits and attractants
•	 Pesticides
•	 Removal, herding, and aggregating methods
•	 Decision support and modeling
•	 Early detection and surveillance

https://www.usgs.gov/programs/environmental-health-program
https://www.usgs.gov/programs/environmental-health-program
https://www.usgs.gov/mission-areas/water-resources


Themes of U.S. Geological Survey Invasive Carp Science    7

Deterrents	

One factor that likely contributes significantly to the inva-
siveness of invasive carp is their mobility (Vallazza and oth-
ers, 2020; Coulter and others, 2022). They are highly mobile 
within large floodplain river systems and are able to find 
conditions to meet or optimize their life history requirements, 
including reproduction, foraging, and shelter. The USGS, in 
collaboration with partners, is developing or testing behav-
ioral deterrents that limit movement, particularly longitudinal 
movement, through bottleneck dams (for example, Lock and 

Dam 19 near Keokuk, Iowa, on the Upper Mississippi River) 
or other important intrasystem and intersystem corridors (for 
example, spawning tributaries or shipping canals). Promising 
deterrents that the USGS continues to develop and test include 
carbon dioxide, underwater acoustic deterrents, and oblique 
bubble curtains (Cupp and others, 2021). We and our partners 
are also studying the movement and behavior of invasive 
carp at system- and location-specific scales (for example, at 
Barkley Lock and Dam on the Cumberland River near Lake 
City, Kentucky) to inform decisions concerning the develop-
ment and testing of deterrents.
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Genetic Control Methods	

Approaches and technologies that manipulate or exploit 
genetics and its processes have the potential to effectively 
target low-abundance populations and be truly species-specific 
without nontarget effects. These technologies are now com-
monly used in agriculture to control pests (for example, see 
Rato and others, 2021), and new techniques are regularly 
identified and developed. The USGS has expertise in genetics 
and genomics that can be exploited to develop genetic tools 
for control of invasive carp.

USGS researchers have begun research into development 
of genetic tools and into techniques for applying potential 
tools and assessing their safety and effectiveness. The USGS 
has begun sequencing the transcriptome of bighead, black, 
grass, and silver carp. This information can be used by USGS 
scientists and partners to develop and evaluate ribonucleic acid 
interference (RNAi) for silver carp, bighead carp, grass carp, 
and black carp. We use modeling to evaluate the potential of 
these technologies to identify which have promise for practi-
cal applications in controlling invasive carp and are model-
ing physiological pathways and identifying unique genetic 

sequences so natural processes can be exploited. Our research 
supports assessing the efficacy and registration of these tech-
nologies for use in natural resource management.

As new technologies and approaches are developed, the 
USGS will evaluate their practicality and utility. We acknowl-
edge that there can be public concern regarding the risks asso-
ciated with new technologies. The USGS has participated in 
workshops (for example, Genetic Control of Invasive Species; 
Minnesota Department of Natural Resources, June 11, 2019) 
to help identify appropriate public outreach on the benefits and 
risks of genetic controls and to remain cognizant of the degree 
of public support for these activities. Public support and estab-
lished regulatory pathways will be among the criteria used for 
determination of project direction (Erickson and others, 2017).

Baits and Attractants	

The USGS is evaluating the use of chemical and food 
attractants for aggregating bigheaded carp in support of 
removal efforts. Previous studies have tested the effectiveness 
of an algal attractant composed of Spirulina and Chlorella in 
controlled laboratory and pond studies (Claus and Sorensen, 
2017), and field applications are ongoing. The USGS is 
focused on testing the effectiveness of an algal attractant 
for concentration of bigheaded carp in the field. The USGS 
conducted field tests at several sites on the Missouri River, 
in backwaters of the Illinois River, and at Mallard Lake near 
St. Louis, Missouri, using either manual application or auto-
mated feeding platforms. The USGS is also testing the use of 
amino acids to enhance the feeding response of invasive carp. 
In collaboration with State partner agencies, the USGS contin-
ues evaluating the use of the algal stimulus to enhance capture 
rates of bigheaded carp when using passive capture gears such 
as trap nets.
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Another goal for this research is to identify habitat types 
where baits and attractants are most effective. In addition, the 
USGS is developing attractants and baits to aid in species-
selective delivery of a control chemical. The USGS plans to 
focus on screening other potential attractants for all species 
of invasive carp by using electro-olfactogram assays (Claus 
and Sorensen, 2017; Sorensen and others, 2019). Attractants 
that elicit a physioelectrical response will be further tested to 
evaluate the species’ behavioral response to the stimulus. If 
a strong behavioral response is observed, field tests will be 
conducted to determine whether the stimulus can effectively 
concentrate carp for more efficient removal. These methods 
and techniques will be shared with interested management 
agencies so that invasive carp can be harvested more effi-
ciently according to each State’s action plan for removal.

Pesticides	

In collaboration with partners, the USGS is identifying 
and testing new chemicals and delivery mechanisms that target 
invasive carp while minimizing effects on native organisms. 
We plan to continue developing and refining quantitative 
structure activity relationships to prioritize toxicity screening 
with cellular assays. The USGS and its partners have devel-
oped cell lines for the four invasive carp as well as several 
native species. We are committed to expanding these cell 
lines to improve the efficiency of screening potential chemi-
cal controls. The USGS and partners continue to evaluate the 
metabolic and toxicological responses to exposure to differ-
ent classes of chemicals in invasive carp and native aquatic 

organisms. Additionally, delivery technologies like micro-
encapsulation have been developed and used to selectively 
deliver a control chemical to invasive carp in laboratory and 
field studies. The USGS and partners will continue to develop 
and refine these technologies so they can be incorporated into 
integrated pest management strategies by Tribal, State, and 
Federal natural resource agencies. Registration of new chemi-
cal controls is vital for use by resource agencies. The USGS 
works directly with the U.S. Environmental Protection Agency 
to ensure data requirements for pesticide registration are com-
plete. We successfully obtained a section-3 registration from 
the U.S. Environmental Protection Agency for carbon dioxide 
as a fishery chemical under the name Carbon Dioxide-Carp 
(h​ttps://www​.usgs.gov/​centers/​upper-​midwest-​environmental-​
sciences-​center/​science/​registration-​carbon-​dioxide-​carp) and 
intend to maintain that registration.

https://www.usgs.gov/centers/upper-midwest-environmental-sciences-center/science/registration-carbon-dioxide-carp?msclkid=6e9a50b3d05b11ec84c85a5624c7c3c2
https://www.usgs.gov/centers/upper-midwest-environmental-sciences-center/science/registration-carbon-dioxide-carp?msclkid=6e9a50b3d05b11ec84c85a5624c7c3c2
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Removal, Herding, and Aggregating Methods	

Removal is currently the primary method used by 
resource managers to address existing populations of invasive 
carp, and removal efforts have focused on the highly abun-
dant bigheaded carp. Increases in bigheaded carp removal 
can be achieved by increasing efficiency of removal gears, by 
understanding and taking advantage of natural or preexisting 
aggregations of carp, or by removing artificially aggregated 
carp. The USGS will continue to conduct research to develop 
these methods and to evaluate their efficacy. Bigheaded carp 
have a limited affiliation to a specific home range and under 
some conditions move long distances and form large aggrega-
tions, which offers opportunities to exploit those aggregations. 
We will continue to advance understanding of natural aggre-
gations using acoustic methods of locating fish, and studying 
their relations to habitat variables, such as water temperature, 
velocity, and food availability. Invasive carp may be artifi-
cially aggregated by either driving or attracting the fish to a 
location where large numbers of fish are harvested efficiently. 
Driving of fish uses stimuli that are avoided by the carp, such 
as sounds or electricity (Ridgway and others, 2021), and may 
include barriers that limit the directions that fleeing fish may 
choose, as in the Modified Unified Method (Chapman, 2020). 
Food attractants for carp have to date been the most success-
ful attractive stimuli (Cupp and others, 2021), but pheromone 
attractants may also be useful. We will continue to investigate 
and evaluate potential attractants.
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Decision Support and Modeling	

Managers often need to make decisions under conditions 
of uncertain science, incomplete data, diverse interested par-
ties with competing interests, and difficult tradeoffs includ-
ing prioritization of effort and funding. Structured decision 
making (SDM) and risk assessments provide tools for defen-
sible and transparent decisions that factor in the priorities of 
interested parties. The USGS facilitates SDM workshops, 
provides expertise in the decision-making and risk assessment 
processes, and often provides experts that can assist in provid-
ing up-to-date science on relevant and requisite subject matter 
for use in SDM workshops. Representatives of management 
agencies and other interested parties frequently participate in 
these risk assessments and SDM workshops. Tools developed 
during SDM workshops are heuristic models or mathemati-
cal models that are populated by existing or hypothetical data 
or by existing expert opinions. The goal of SDM workshops 
and risk assessments is to provide tools for defensible and 
transparent decisions that factor in the priorities of interested 
parties. An SDM workshop might include scenario planning 
and modeling that consider multiple, sometimes simultane-
ous, methods of response in an integrated approach to bio-
threats posed by invasive carp. The USGS will continue to 
lead SDM workshops and provide subject-matter expertise for 
SDM processes.

Early Detection and Surveillance	

Managers require knowledge of where invasive carp 
have invaded, and early detection of carp arrival may provide 
managers with the opportunity to take quick action to prevent 
establishment. Similarly, knowledge of other status variables, 
such as where invasive carp are reproducing or established, 
is necessary to inform management decisions. The USGS 
will continue to develop new tools and improve the utility of 
available surveillance and early detection tools, such as eDNA 
and integration of eDNA detection into streamgage networks 
using automated sampling and analysis equipment. Many tools 
can be used for early detection or surveillance and monitoring, 
including capture techniques specific to low densities of fish, 
hydroacoustics, and eDNA.
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U.S. Geological Survey Invasive Carp Science Strategy	

Where We Have Been—Past Science 
Consolidation and Synthesis	

Before bighead, black, grass, and silver carp were 
imported to the United States, they were already among the 
most studied freshwater species because of their importance 
in aquaculture. However, almost all the available information 
was relevant to aquaculture, not the biology or effects of wild 
fish. Substantial research on the effects of grass carp introduc-
tions to North America began in the 1970s (Michewicz and 
others, 1972; Stanley and others, 1978), but little scientific 
literature existed on the biology or potential effects of wild 
bigheaded carp or black carp in North America until USGS 
risk assessments in the 2000s (Nico and others, 2005; Kolar 
and others, 2007). Risk assessments by the USGS indicated 

substantial cause for concern. As carp populations and ranges 
expanded, research followed to better understand the life cycle 
and ecology of wild invasive carp (Chapman and Deters, 
2009; Chapman and George, 2011). Those efforts were fol-
lowed by research focused on control, including diverse but 
potentially integrated research directions. A recent synthesis 
by Cupp and others (2021) provides an overview of USGS 
research on promising tools, including models, for controlling 
invasive carp.

The USGS responds to emerging topics on invasive 
carp as they are identified by management agencies (Post van 
der Burg and others, 2021) but also identifies important new 
topics of concern and new potential techniques relevant to 
risk assessment, detection, population assessment, or control 
that have the potential to substantially change understanding 
or revolutionize aspects of carp management. For example, 
USGS researchers played a key role in identification of grass 
carp recruitment in the Lake Erie Basin (Chapman and others, 
2013; Embke and others, 2016), which ultimately resulted in 
broad collaborative research and management of grass carp in 
the Great Lakes. Development of egg and larval drift models 
(Garcia and others, 2013) and applications (Embke and oth-
ers, 2018) used to predict where invasive carp can reproduce 
effectively or where spawning events occur were initiated by 
the USGS and have found application in management across 
the invaded range. The USGS will continue to direct scien-
tific expertise and available funding to projects that have the 
potential to provide new pathways for invasive carp control. 
Although every such investment may not be successful, 
paradigm-shifting tools cannot be developed without invest-
ment in new ideas.
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Where We Are Going—U.S. Geological Survey 
Science Foci for the Next 5 Years	

USGS research efforts for the 5 years beginning in 
2023 will be multifaceted for maximum benefit to the 
U.S. public and to respond to partner needs. There is a need 
to increase effort in high-risk areas, especially connections 
between basins, such as the Tennessee-Tombigbee Waterway 
(Mississippi), where the range and effects of invasive carp 
might rapidly increase. There is also a need to better under-
stand and exploit recruitment limitations in impounded parts 
of major rivers, where the carp invasion has been slow but 
still progresses. To address those needs, the USGS will engage 
with partners to identify areas where efforts can be increased 
to address greater needs and where efforts can be decreased 
because research is mature or has become routine, or where 
returns on research effort are low. While there is a need to 
remain open toward new or yet unidentified directions, the 
following important areas of ongoing research and extension 
of that research are anticipated to encompass most upcom-
ing USGS invasive carp science. These areas of research fall 
within the general seven themes of USGS carp research previ-
ously described, and some may cross over multiple themes. 
For example, management strategy evaluation can apply to 
any of the elements related to control of carp populations 
that are instituted by managers. Scientific research projects 
will have a definitive lifetime from inception to completion. 
Research projects will cease, and funding will end, when the 
research objectives have been achieved and the outcome of the 

research has been disseminated. Technology or tool develop-
ment projects cease when the tool is tested, validated, and 
disseminated to management agencies. Inevitably, research 
may find some initially promising tools to be impractical, and 
funding will be diverted to other more promising avenues 
of research.

•	 Early detection and surveillance.—There are criti-
cal needs for invasive carp research focused on early 
detection of carp invasion and on carp reproductive 
success in new areas. The USGS will continue to 
inform managers of invasive carp expansions (for 
example, as documented by Larson and others, 2017) 
and provide new tools for early detection and rapid 
response (for example, Hayer and others, 2020). 
Monitoring invasive carp abundance and short-term 
movements and concentrations with hydroacoustics 
can inform removal and the evaluation of manage-
ment actions; monitoring has become and will remain 
important as part of integrated management of invasive 
carp. Improvement and validation of hydroacoustic 
methods will thus be an important research area.
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•	 Deterrents.—Deterrents are key tools for reducing the 
risk of new invasions and expansions of existing popu-
lations. The USGS has led efforts to develop sound-
based and carbon dioxide deterrents and will continue 
to pursue development of new technologies. We will 
rigorously research the effectiveness of deterrents at 
preventing movements of bighead, black, grass, and 
silver carp while assessing negative effects on move-
ments of native species. Research on the movements 
and behavior of invasive carp at key population bottle-
necks, such as navigation locks, canals, and tributaries, 
will be conducted to inform decisions on the develop-
ment and application of deterrents.

•	 Removal.—Removal and physical barriers have 
emerged as primary tools for management of existing 
populations of invasive carp. Long-term management 
of carp through removal or deterrent maintenance is 

within the mandate of management agencies but not 
that of the USGS. Development of tools to improve 
removal efforts, reduce bycatch, or improve deter-
rent efficiency are within the scope of USGS research 
and are important over the next 5 years. The USGS 
may also participate in evaluation of the success of 
removal or barriers through demographic research or 
other methods.

•	 Early life history.—Over the previous 10 years, USGS 
research has provided greater understanding of the 
early life history of bigheaded carp and grass carp. 
That knowledge has been important in assessing where 
carp could reproduce and recruit, and thus in deter-
mining what environments are most at risk. Further 
research on early life history might be needed in new 
areas, such as the subbasins of the Mississippi River 
where our research has been limited, and potentially 
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elsewhere in the United States if congressional funding 
mandates permit (for example, the Colorado River, 
Hudson River, or Mobile River). Knowledge of inva-
sive carp early life history is a prerequisite for devis-
ing control methods that interfere with those early life 
requirements. There is also a need for early life history 
information on black carp so that it might be brought 
up to the level of understanding of bighead, grass, 
and silver carp. The USGS may perform additional 
research on specific aspects of early life for the pur-
pose of better devising control tactics.

•	 Control tools.—The USGS identifies and develops 
other tools for control of invasive carp. These may 
include waterborne or foodborne toxins that provide 
selective control of carp, attractants that concentrate 
carp for removal, sex alteration, genetic controls such 
as RNAi, beginning work towards gene drives, or yet 
unidentified tactics that could possibly reduce carp 
populations substantially. Control and containment 
tools or other invasive carp management strategies 
may have unanticipated adverse or possibly favorable 
effects on nontarget resources. If necessary, the USGS 
may initiate research to identify or quantify important 
side effects of invasive carp management strategies. 
Effective control tools developed by the USGS or oth-
ers might require substantial research or monitoring 
to comply with regulatory statutes. Although USGS 
researchers might engage in development of new con-
trols that are unfamiliar to managers, they will priori-
tize their research to avoid spending research resources 
on technologies that managers would not use. The 
USGS will pursue technology transfer when new tools 
are ready for management application.

•	 Management strategy evaluation.—Managers require 
an understanding of the kinds and extent of effects of 
management actions to inform resource allocation and 
to determine suitable targets for invasive carp abun-
dance or biomass where control is undertaken. The 
USGS may work to better understand the effects of the 
carp invasion on native environments, including but 
not limited to effects on fisheries or the mechanisms 
for those effects. For example, recent publications 
(such as Chick and others, 2020) have shown deleteri-
ous effects of silver carp on native fishes. Bigheaded 
carp and grass carp cause environmental changes that 
affect food webs and water quality. Changes in water 
quality might affect resources in complex ways, includ-
ing increased risk of harmful algal blooms or hypoxia 

in the Gulf of Mexico. Black carp prey directly on 
highly endangered native unionid mussels. USGS 
research may include evaluating management scenar-
ios in the context of changing climate, as appropriate. 
As the U.S. Government’s independent biology science 
agency, the USGS must be at the forefront of science 
that identifies the effects of carp invasion and potential 
mitigation strategies.

•	 Decision support and data management.—The USGS 
may guide or participate in SDM processes, popula-
tion modeling, or other fisheries modeling to inform 
management actions such as removal or deterrent 
placement. Typically, this facilitation would occur 
when a need is identified by managers or interested 
parties who would be involved in the SDM process. 
Modeling to inform management can be data inten-
sive, and partners may collect and source necessary 
data. Shared databases that include quality assurance, 
standardization, and archival features are broadly rec-
ognized at regional and national levels as being useful 
and necessary to maximize the efficiency and effective-
ness of invasive carp management. These needs are 
already being addressed by the USGS and partners 
at regional levels (for example, by the FishTracks 
telemetry database; h​ttps://www​.usgs.gov/​centers/​
upper-​midwest-​environmental-​sciences-​center/​science/​
database-​and-​web-​application-​invasive?​msclkid=​9b​
15c633b052​11ec9af897e854c4a184) and can be used 
as building blocks for other regional approaches or a 
national approach to data management, should such an 
approach be directed by managers.

•	 Training and technology transfer.—After technologies 
have been developed adequately for dissemination to 
management agencies, the USGS provides training 
in use of those tools with the intent that they become 
primarily performed by management agencies. Tools 
might be used, for example, in sampling for early life 
history stages, identification of eggs and determination 
of egg developmental stages, the use of population and 
drift models, the use of eDNA for early detection, and 
aspects of mass harvest techniques. Such tools may be 
used by the USGS to further new research goals, and 
the USGS may perform research to further improve 
disseminated methods, but the USGS does not serve 
as a contractor to perform developed and disseminated 
management or monitoring methods.

https://www.usgs.gov/centers/upper-midwest-environmental-sciences-center/science/database-and-web-application-invasive?msclkid=9b15c633b05211ec9af897e854c4a184
https://www.usgs.gov/centers/upper-midwest-environmental-sciences-center/science/database-and-web-application-invasive?msclkid=9b15c633b05211ec9af897e854c4a184
https://www.usgs.gov/centers/upper-midwest-environmental-sciences-center/science/database-and-web-application-invasive?msclkid=9b15c633b05211ec9af897e854c4a184
https://www.usgs.gov/centers/upper-midwest-environmental-sciences-center/science/database-and-web-application-invasive?msclkid=9b15c633b05211ec9af897e854c4a184
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Evaluating Research Under This Framework and Renewal	
The USGS Invasive Carp Working Group, which is 

composed of principal investigators from across the USGS 
who design and conduct research in collaboration with agency 
partners, will meet annually to review performance under 
this framework and to ensure alignment with congressional 
funding mandates, guidance from the Program Council for the 
Biological Threats and Invasive Species Research Program, 
and partner needs. The Program Council is an advisory group 
composed of invasive species and disease experts from within 
the USGS and other U.S. Department of the Interior agen-
cies that advises the Biological Threats and Invasive Species 
Research Program coordinator on setting program priorities. 
Existing or long-term research and potential new research 
are evaluated annually by the Invasive Carp Working Group 
to ensure a balance between full completion of beneficial 

projects and new initiatives. Updates on USGS research will 
be provided to partners through periodic symposia to dissemi-
nate USGS research results and apprise attendees on USGS 
research directions and progress. We will also communicate 
research results and progress through professional confer-
ences, peer-reviewed literature, meetings of the Invasive 
Carp Regional Coordinating Committee and its work groups, 
the Great Lakes Grass Carp Advisory Committee, MICRA 
subbasin partnerships, and other similar groups. Input solic-
ited and received from those groups will be used to prioritize 
research directions and ensure that USGS research remains 
aligned with agency partner priorities.

We will begin the process of developing a new strategic 
framework on invasive carp research for 2028–32 during the 
second fiscal quarter of 2027.
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Appendix 1.  Key U.S.-Based Organizations, Committees, and Groups	
Supporting Invasive Carp Research	

•	 Invasive Carp Regional Coordinating 
Committee: ht​tp://invas​ivecarp.us

•	 Great Lakes Fishery Commission: http://glfc.org

•	 Great Lakes Grass Carp Advisory Committee  
(of the Great Lakes Fishery Commission)

•	 Mississippi Interstate Cooperative Resource 
Association: http://​www.micrar​ivers.org/​

http://invasivecarp.us
http://glfc.org
http://www.micrarivers.org/


Appendix 2.  U.S. Geological Survey Information Products on Invasive Carp, 2011–22    21

Appendix 2.  U.S. Geological Survey Information Products on Invasive 	
Carp, 2011–22	

Amberg, J.J., Grace McCalla, S., Monroe, E., Lance, R., 
Baerwaldt, K., and Gaikowski, M.P., 2015, Improving 
efficiency and reliability of environmental DNA analysis for 
silver carp: Journal of Great Lakes Research, v. 41, no. 2, 
p. 367–373, https://doi.org/​10.1016/​j.jglr.2015.02.009.

Amberg, J.J., Jensen, N.R., Erickson, R.A., Sauey, B.W., 
and Jackson, C., 2018, Profiles of digestive enzymes of 
two competing planktivores, silver carp and gizzard shad, 
differ: Ichthyological Research, v. 65, no. 2, p. 245–251, 
https://doi.org/​10.1007/​s10228-​018-​0615-​x.

Amberg, J.J., McCalla, S.G., Miller, L., Sorensen, P., and 
Gaikowski, M.P., 2013, Detection of environmental DNA 
of Bigheaded Carps in samples collected from selected 
locations in the St. Croix River and in the Mississippi River: 
U.S. Geological Survey Open-File Report 2013–1080, 
44 p., https://doi.org/​10.3133/​ofr20131080.

Amberg, J.J., Schreier, T.M., and Gaikowski, M.P., 2012, 
Molecular responses differ between sensitive silver carp 
and tolerant bighead carp and bigmouth buffalo exposed to 
rotenone: Fish Physiology and Biochemistry, v. 38, no. 5, 
p. 1379–1391, https://doi.org/​10.1007/​s10695-​012-​9625-​1.

Anderson, K.R., Chapman, D.C., and Hayer, C.-A., 
2016, Assessment of dreissenid biodeposits as a 
potential food resource for invasive Asian carp: 
BioInvasions Records, v. 5, no. 4, p. 251–257, 
https://doi.org/​10.3391/​bir.2016.5.4.10.

Anderson, K.R., Chapman, D.C., Wynne, T., Masagounder, 
K., and Paukert, C.P., 2015, Suitability of Lake Erie for 
bigheaded carps based on bioenergetic models and remote 
sensing: Journal of Great Lakes Research, v. 41, no. 2, 
p. 358–366, https://doi.org/​10.1016/​j.jglr.2015.03.029.

Anderson, K.R., Chapman, D.C., Wynne, T.T., and Paukert, 
C.P., 2017, Assessment of phytoplankton resources suit-
able for bigheaded carps in Lake Michigan derived 
from remote sensing and bioenergetics: Journal 
of Great Lakes Research, v. 43, no. 3, p. 90–99, 
https://doi.org/​10.1016/​j.jglr.2017.03.005.

Anderson, R.L., Anderson, C.A., Larson, J.H., Knights, 
B., Vallazza, J., Jenkins, S.E., and Lamer, J.T., 2020, 
Influence of a high‐head dam as a dispersal barrier to 
fish community structure of the upper Mississippi River: 
River Research and Applications, v. 36, no. 1, p. 47–56, 
https://doi.org/​10.1002/​rra.3534.

Baerwaldt, K., Bartron, M.L., Schilling, K., Lee, D., Russo, E., 
Estes, T., Fischer, R., Fleming, B., Guilfoyle, M.P., Kilgore, 
K.J., Lance, R., Perkins, E., Schultz, M., Smith, D., Amberg, 
J.J., Chapman, D.C., Gaikowski, M.P., Klymus, K.E., 
and Richter, C.A., 2015, Environmental DNA calibration 
study—Interim technical review report—December 2014: 
Asian Carp Regional Coordinating Committee, 189 p. 
plus 3 app., htt​p://invasi​vecarp.us/​Documents/​IP-​057663_​
ECALS_​Interim_​Report_​FINAL.pdf.

Baerwaldt, K., Benson, A., and Irons, K., 2014, Asian carp 
distribution in North America: Asian Carp Regional 
Coordinating Committee, 8 p., htt​p://invasi​vecarp.us/​
Documents/​ACDistribution.pdf.

Battaglin, W., Duncker, J., Terrio, P., Bradley, P., Barber, 
L., and DeCicco, L., 2020, Evaluating the potential 
role of bioactive chemicals on the distribution of inva-
sive Asian carp upstream and downstream from river 
mile 278 in the Illinois waterway: Science of the Total 
Environment, v. 735, article 139458, 18 p., https://doi.org/​
10.1016/​j.s​citotenv.2​020.139458.

Bouska, W.W., Glover, D.C., Bouska, K.L., and Garvey, J.E., 
2017, A refined electrofishing technique for collecting Silver 
Carp—Implications for management: North American 
Journal of Fisheries Management, v. 37, no. 1, p. 101–107, 
https://doi.org/​10.1080/​0​2755947.20​16.1240122.

Briggs, A.S., Dean, J.C., Boase, J.C., Kocovsky, P.M., and 
Luoma, J.A., 2019, Optimum electrofishing waveforms and 
parameters to induce immobilization of juvenile Grass Carp: 
North American Journal of Fisheries Management, v. 39, 
no. 4, p. 705–713, https://doi.org/​10.1002/​nafm.10303.

Byrd, C.G., Chapman, D.C., Pherigo, E.K., and Jolley, J.C., 
2019, Tag retention and survival of juvenile bighead carp 
implanted with a dummy acoustic tag at three temperatures: 
Journal of Applied Ichthyology, v. 35, no. 3, p. 763–768, 
https://doi.org/​10.1111/​jai.13841.

Carlson, A.K., and Vondracek, B., 2014, Synthesis of Ecology 
and Human Dimensions for Predictive Management of 
Bighead and Silver Carps in the United States: Reviews in 
Fisheries Science & Aquaculture, v. 22, no. 4, p. 284–300, 
https://doi.org/​10.1080/​23308249.2014.967747.

Chapman, D.C., 2020, “Modified Unified Method” of carp 
capture: U.S. Geological Survey Fact Sheet 2020–3005, 
2 p., https://doi.org/​10.3133/​fs20203005.

https://doi.org/10.1016/j.jglr.2015.02.009
https://doi.org/10.1007/s10228-018-0615-x
https://doi.org/10.3133/ofr20131080
https://doi.org/10.1007/s10695-012-9625-1
https://doi.org/10.3391/bir.2016.5.4.10
https://doi.org/10.1016/j.jglr.2015.03.029
https://doi.org/10.1016/j.jglr.2017.03.005
https://doi.org/10.1002/rra.3534
http://invasivecarp.us/Documents/IP-057663_ECALS_Interim_Report_FINAL.pdf
http://invasivecarp.us/Documents/IP-057663_ECALS_Interim_Report_FINAL.pdf
http://invasivecarp.us/Documents/ACDistribution.pdf
http://invasivecarp.us/Documents/ACDistribution.pdf
https://doi.org/10.1016/j.scitotenv.2020.139458
https://doi.org/10.1016/j.scitotenv.2020.139458
https://doi.org/10.1080/02755947.2016.1240122
https://doi.org/10.1002/nafm.10303
https://doi.org/10.1111/jai.13841
https://doi.org/10.1080/23308249.2014.967747
https://doi.org/10.3133/fs20203005


22    U.S. Geological Survey Invasive Carp Strategic Framework, 2023–27

Chapman, D.C., Benson, A., Embke, H.S., King, N.R., 
Kočovský, P., Lewis, T.D., and Mandrak, N.E., 2021, Status 
of the major aquaculture carps of China in the Laurentian 
Great Lakes Basin: Journal of Great Lakes Research, v. 47, 
no. 1, p. 3–13, https://doi.org/​10.1016/​j.jglr.2020.07.018.

Chapman, D.C., Chen, D., Hoover, J.J., Du, H., Phelps, 
Q.E., Shen, L., Wang, C., Wei, Q., and Zhang, H., 2016, 
Bigheaded carps of the Yangtze and Mississippi Rivers—
Biology, status, and management, in Chen, Y., Chapman, 
D.C., Jackson, J.R., Chen, D., Li, Z., Killgore, K.J., Phelps, 
Q., and Eggleston, M.A., eds., Fishery resources, environ-
ment, and conservation in the Mississippi and Yangtze 
(Changjiang) river basins: Bethesda, Md., American 
Fisheries Society, p. 113–127.

Chapman, D.C., Davis, J.J., Jenkins, J.A., Kocovsky, P.M., 
Miner, J.G., Farver, J., and Jackson, P.R., 2013, First evi-
dence of grass carp recruitment in the Great Lakes Basin: 
Journal of Great Lakes Research, v. 39, no. 4, p. 547–554, 
https://doi.org/​10.1016/​j.jglr.2013.09.019.

Chapman, D.C., and George, A.E., 2011, Developmental rate 
and behavior of early life stages of bighead and silver carp: 
U.S. Geological Survey Scientific Investigations Report 
2011–5076, 11 p., https://doi.org/​10.3133/​sir20115076.

Chapman, D.C., and Hoff, M.H., 2011, Introduction, chap. 1 
of Chapman, D.C., and Hoff, M.H., eds., Invasive Asian 
Carps in North America: Bethesda, Md., American Fisheries 
Society Symposium 74, p. 1–3., https://doi.org/​10.47886/​
9781934874233.ch1.

Chapman, D.C., and Hoff, M.H., eds., 2011, Invasive Asian 
Carps in North America: Bethesda, Md., American Fisheries 
Society, 266 p., https://doi.org/​10.47886/​9781934874233.

Chapman, D.C., Milardi, M., and Mann, F.A., 2019, Ligation 
and division of ductus deferens does not produce long term 
sterility in most bighead carp or grass carp. Management 
of Biological Invasions, v. 10, no. 2, p. 285–295, 
https://doi.org/​10.3391/​mbi.2019.10.2.05.

Chen, Q., Wang, C., Lu, G., Zhao, J., Chapman, D.C., 
Zsigmond, J., and Li, S., 2012, Microsatellite genetic 
diversity and differentiation of native and introduced grass 
carp populations in three continents: Genetica, v. 140, 
p. 115–123, https://doi.org/​10.1007/​s10709-​012-​9663-​8.

Cohen, K.E., George, A.E., Chapman, D.C., Chick, J.H., 
and Hernandez, L.P., 2020, Developmental ecomor-
phology of the epibranchial organ of the silver carp, 
Hypophthalmichthys molitrix: Journal of Fish Biology, 
v. 97, no. 2, p. 527–536, https://doi.org/​10.1111/​jfb.14409.

Coulter, A.A., Brey, M.K., Lamer, J.T., Whitledge, G.W., and 
Garvey, J.E., 2020, Early generation hybrids may drive 
range expansion of two invasive fishes: Freshwater Biology, 
v. 65, no. 4, p. 716–730, https://doi.org/​10.1111/​fwb.13461.

Coulter, A.A., Brey, M.K., Lubejko, M., Kallis, J.L., 
Coulter, D.P., Glover, D.C., Whitledge, G.W., and Garvey, 
J.E., 2018, Multistate models of bigheaded carps in the 
Illinois River reveal spatial dynamics of invasive spe-
cies: Biological Invasions, v. 20, no. 11, p. 3255–3270, 
https://doi.org/​10.1007/​s10530-​018-​1772-​6.

Coulter, A.A., Keller, D., Amberg, J.J., Bailey, E.J., and 
Goforth, R.R., 2013, Phenotypic plasticity in the spawning 
traits of bigheaded carp (Hypophthalmichthys spp.) in novel 
ecosystems: Freshwater Biology, v. 58, no. 5, p. 1029–1037, 
https://doi.org/​10.1111/​fwb.12106.

Coulter, A.A., Schultz, D., Tristano, E., Brey, M.K., and 
Garvey, J.E., 2017, Restoration versus invasive species—
Bigheaded carps’ use of a rehabilitated backwater: River 
Research and Applications, v. 33, no. 5, p. 662–669, 
https://doi.org/​10.1002/​rra.3122.

Cudmore, B., Mandrak, N.E., Dettmers, J.M., Chapman, D.C., 
and Kolar, C.S., 2012, Binational ecological risk assessment 
of bigheaded carps (Hypophthalmichthys spp.) for the Great 
Lakes Basin: Ottawa, Ontario, Canada, DFO Canadian 
Science Advisory Secretariat Research Document, 63 p., 
https​://pubs.er​.usgs.gov/​publication/​70039013.

Cupp, A.R., Brey, M.K., Calfee, R.D., Chapman, D.C., 
Erickson, R., Fischer, J., Fritts, A.K., George, A.E., Jackson, 
P.R., Knights, B.C., Saari, G.N., and Kočovský, P.M., 2021, 
Emerging control strategies for integrated pest manage-
ment of invasive carps: Journal of Vertebrate Biology, v. 70, 
no. 4, 21 p., https://doi.org/​10.25225/​jvb.21057.

Cupp, A.R., Erickson, R.A., Fredricks, K.T., Swyers, N.M., 
Hatton, T.W., and Amberg, J.J., 2017, Responses of inva-
sive silver and bighead carp to a carbon dioxide barrier in 
outdoor ponds: Canadian Journal of Fisheries and Aquatic 
Sciences, v. 74, no. 3, p. 297–305, https://doi.org/​10.1139/​
cjfas-​2015-​0472.

Cupp, A.R., Lopez, A.K., Smerud, J.R., Tix, J.A., Rivera, 
J.M., Swyers, N.M., Brey, M.K., Woodley, C.M., Smith, 
D.L., and Gaikowski, M.P., 2021, Telemetry evaluation of 
carbon dioxide as a behavioral deterrent for invasive carps: 
Journal of Great Lakes Research, v. 47, no. 1, p. 59–68, 
https://doi.org/​10.1016/​j.jglr.2020.10.004.

Cupp, A.R., Smerud, J.R., Thomas, L.M., Waller, D.L., Smith, 
D.L., Erickson, R.A., and Gaikowski, M.P., 2020, Toxicity 
of carbon dioxide to freshwater fishes—Implications for 
aquatic invasive species management: Environmental 
Toxicology and Chemistry, v. 39, no. 11, p. 2247–2255, 
https://doi.org/​10.1002/​etc.4855.

https://doi.org/10.1016/j.jglr.2020.07.018
https://doi.org/10.1016/j.jglr.2013.09.019
https://doi.org/10.3133/sir20115076
https://doi.org/10.47886/9781934874233.ch1
https://doi.org/10.47886/9781934874233.ch1
https://doi.org/10.47886/9781934874233
https://doi.org/10.3391/mbi.2019.10.2.05
https://doi.org/10.1007/s10709-012-9663-8
https://doi.org/10.1111/jfb.14409
https://doi.org/10.1111/fwb.13461
https://doi.org/10.1007/s10530-018-1772-6
https://doi.org/10.1111/fwb.12106
https://doi.org/10.1002/rra.3122
https://pubs.er.usgs.gov/publication/70039013
https://doi.org/10.25225/jvb.21057
https://doi.org/10.1139/cjfas-2015-0472
https://doi.org/10.1139/cjfas-2015-0472
https://doi.org/10.1016/j.jglr.2020.10.004
https://doi.org/10.1002/etc.4855


Appendix 2.  U.S. Geological Survey Information Products on Invasive Carp, 2011–22    23

Cupp, A.R., Smerud, J.R., Tix, J.A., Rivera, J.M., Kageyama, 
S.A., Merkes, C.M., Erickson, R.A., Amberg, J.J., and 
Gaikowski, M.P., 2018, Assessment of carbon dioxide 
piscicide treatments: North American Journal of Fisheries 
Management, v. 38, no. 6, p. 1241–1250, https://doi.org/​
10.1002/​nafm.10227.

Cupp, A.R., Woiak, Z., Erickson, R.A., Amberg, J.J., and 
Gaikowski, M.P., 2017, Carbon dioxide as an under-ice 
lethal control for invasive fishes: Biological Invasions, 
v. 19, no. 9, p. 2543–2552, https://doi.org/​10.1007/​s10530-​
017-​1462-​9.

Davis, J.J., Jackson, P.R., Engel, F.L., LeRoy, J.Z., Neeley, 
R.N., Finney, S.T., and Murphy, E.A., 2016, Entrainment, 
retention, and transport of freely swimming fish in junction 
gaps between commercial barges operating on the Illinois 
Waterway: Journal of Great Lakes Research, v. 42, no. 4, 
p. 837–848, https://doi.org/​10.1016/​j.jglr.2016.05.005.

Davis, J.J., LeRoy, J.Z., Shanks, M.R., Jackson, P.R., Engel, 
F.L., Murphy, E.A., Baxter, C.L., Trovillion, J.C., McIn-
erney, M.K., and Barkowski, N.A., 2017, Effects of tow 
transit on the efficacy of the Chicago Sanitary and Ship 
Canal Electric Dispersal Barrier System: Journal of Great 
Lakes Research, v. 43, no. 6, p. 1119–1131, https://doi.org/​
10.1016/​j.jglr.2017.08.013.

Deters, J.E., Chapman, D.C., and McElroy, B., 2013, Location 
and timing of Asian carp spawning in the Lower Missouri 
River: Environmental Biology of Fishes, v. 96, no. 5, 
p. 617–629, https://doi.org/​10.1007/​s10641-​012-​0052-​z.

Domanski, M.M., LeRoy, J.Z., Berutti, M., and Jackson, P.R., 
2021, Fluvial Egg Drift Simulator (FluEgg) user’s manual: 
U.S. Geological Survey Open-File Report 2021–1052, 
30 p., https://doi.org/​10.3133/​ofr20211052.

Donaldson, M.R., Amberg, J.J., Adhikari, S., Cupp, A.R., 
Jensen, N., Romine, J., Wright, A., Gaikowski, M., and 
Suski, C.D., 2016, Carbon dioxide as a tool to deter the 
movement of invasive bigheaded carps: Transactions of 
the American Fisheries Society, v. 145, no. 3, p. 657–670, 
https://doi.org/​10.1080/​0​0028487.20​16.1143397.

Duncker, J.J., and Terrio, P.J., 2017, Water-quality sampling 
plan for evaluating the distribution of bigheaded carps 
in the Illinois Waterway: U.S. Geological Survey Open-
File Report 2017–1019, 9 p., https://doi.org/​10.3133/​
ofr20171019.

Embke, H.S., Kocovsky, P.M., Garcia, T., Mayer, C.M., and 
Qian, S.S., 2019, Modeling framework to estimate spawn-
ing and hatching locations of pelagically spawned eggs: 
Canadian Journal of Fisheries and Aquatic Sciences, v. 76, 
no. 4, p. 597–607, https://doi.org/​10.1139/​cjfas-​2018-​0047.

Embke, H.S., Kočovský, P.M., Richter, C.A., Pritt, J.J., 
Mayer, C.M., and Qian, S.S., 2016, First direct confirma-
tion of grass carp spawning in a Great Lakes tributary: 
Journal of Great Lakes Research, v. 42, no. 4, p. 899–903, 
https://doi.org/​10.1016/​j.jglr.2016.05.002.

Engel, F.L., Jackson, P.R., and Murphy, E.A., 2018, Flow 
hydraulics and mixing characteristics in and downstream 
from Brandon Road Lock, Joliet, Illinois: U.S. Geological 
Survey Scientific Investigations Report 2018–5094, 32 p., 
https://doi.org/​10.3133/​sir20185094.

Erickson, R.A., Eager, E.A., Brey, M.K., Hansen, M.J., and 
Kocovsky, P.M., 2017, An integral projection model with 
YY-males and application to evaluating grass carp control: 
Ecological Modelling, v. 361, p. 14–25, https://doi.org/​
10.1016/​j.e​colmodel.2​017.07.030.

Erickson, R.A., Eager, E.E., Kocovsky, P.M., Glover, D.C., 
Kallis, J.L., and Long, K.R., 2018, A spatially discrete, inte-
gral projection model and its application to invasive carp: 
Ecological Modelling, v. 387, p. 163–171, https://doi.org/​
10.1016/​j.e​colmodel.2​018.09.006.

Erickson, R.A., and Kallis, J.L., 2021, Analysis of carp 
demographic data: U.S. Geological Survey software release, 
https://doi.org/​10.5066/​P9Q6SUML.

Erickson, R.A., Kallis, J.L., Coulter, A.A., Coulter, D.P., 
MacNamara, R., Lamer, J.T., Bouska, W.W., Irons, K.S., 
Solomon, L.E., Stump, A.J., Weber, M.J., Brey, M.K., 
Sullivan, C.J., Sass, G.G., Garvey, J.E., and Glover, 
D.C., 2021, Demographic rate variability of Bighead 
and Silver Carps along an invasion gradient: Journal of 
Fish and Wildlife Management, v. 12, no. 2, p. 338–353, 
https://doi.org/​10.3996/​JFWM-​20-​070.

Erickson, R.A., Merkes, C.M., Jackson, C., Goforth, R.R., 
and Amberg, J.J., 2017, Seasonal trends in eDNA detection 
and occupancy of bigheaded carps: Journal of Great Lakes 
Research, v. 43, no. 4, p. 762–770, https://doi.org/​10.1016/​
j.jglr.2017.06.003.

Erickson, R.A., Peirce, J.P., and Sandland, G.J., 2021, 
MetaIPM—A Meta-population Integral Projection Model 
(ver. 1.0): U.S. Geological Survey software release, 
https://doi.org/​10.5066/​P9PW673G.

Erickson, R.A., Rees, C.B., Coulter, A.A., Merkes, C.M., 
McCalla, S.G., Touzinsky, K.F., Walleser, L., Goforth, 
R.R., and Amberg, J.J., 2016, Detecting the movement 
and spawning activity of bigheaded carps with environ-
mental DNA: Molecular Ecology Resources, v. 16, no. 4, 
p. 957–965, https://doi.org/​10.1111/​1755-​0998.12533.

Erickson, R.A., Stich, D.S., and Hebert, J.L., 2020, 
fishStan—Hierarchical Bayesian models for fisher-
ies (ver. 2.0): U.S. Geological Survey software release, 
ht​tps://code​.usgs.gov/​umesc/​quant-​ecology/​fishstan.

https://doi.org/10.1002/nafm.10227
https://doi.org/10.1002/nafm.10227
https://doi.org/10.1007/s10530-017-1462-9
https://doi.org/10.1007/s10530-017-1462-9
https://doi.org/10.1016/j.jglr.2016.05.005
https://doi.org/10.1016/j.jglr.2017.08.013
https://doi.org/10.1016/j.jglr.2017.08.013
https://doi.org/10.1007/s10641-012-0052-z
https://doi.org/10.3133/ofr20211052
https://doi.org/10.1080/00028487.2016.1143397
https://doi.org/10.3133/ofr20171019
https://doi.org/10.3133/ofr20171019
https://doi.org/10.1139/cjfas-2018-0047
https://doi.org/10.1016/j.jglr.2016.05.002
https://doi.org/10.3133/sir20185094
https://doi.org/10.1016/j.ecolmodel.2017.07.030
https://doi.org/10.1016/j.ecolmodel.2017.07.030
https://doi.org/10.1016/j.ecolmodel.2018.09.006
https://doi.org/10.1016/j.ecolmodel.2018.09.006
https://doi.org/10.5066/P9Q6SUML
https://doi.org/10.3996/JFWM-20-070
https://doi.org/10.1016/j.jglr.2017.06.003
https://doi.org/10.1016/j.jglr.2017.06.003
https://doi.org/10.5066/P9PW673G
https://doi.org/10.1111/1755-0998.12533
https://code.usgs.gov/umesc/quant-ecology/fishstan


24    U.S. Geological Survey Invasive Carp Strategic Framework, 2023–27

Fischer, J.L., Nathan, L.R., Buszkiewicz, J., Colm, J., Drake, 
D.A.R., DuFour, M.R., Kočovský, P.M., Marson, D., 
Smyth, E.R.B., Young, R., and Robinson, K.F., 2022, Using 
surrogate taxa to inform response methods for invasive 
Grass Carp in the Laurentian Great Lakes: North American 
Journal of Fisheries Management, v. 42, no. 1, p. 151–163, 
https://doi.org/​10.1002/​nafm.10724.

Fisheries and Oceans Canada [DFO], 2017, ecological risk 
assessment of Grass Carp (Ctenopharyngodon idella) for 
the Great Lakes Basin: DFO Canadian Science Advisory 
Secretariat Science Advisory Report 2016/057, 29 p., 
https:/​/publicati​ons.gc.ca/​collections/​collection_​2017/​mpo-​
dfo/​Fs70-​6-​2016-​057-​eng.pdf.

Fritts, A.K., Knights, B.C., Lafrancois, T.D., Bartsch, L.A., 
Vallazza, J.M., Bartsch, M.R., Richardson, W.B., Karns, 
B.N., Bailey, S.W., and Kreiling, R.M., 2018, Spatial and 
temporal variance in fatty acid and stable isotope signatures 
across trophic levels in large river systems: River Research 
and Applications, v. 34, no. 7, p. 834–843, https://doi.org/​
10.1002/​rra.3295.

Fritts, A.K., Knights, B.C., LaFrancois, T.B., Vallazza, J.M., 
Bartsch, L.A., Bartsch, M.R., Richardson, W.B., Bailey, 
S.W., Kreiling, R.M., and Karns, B.N., 2018, Evaluating 
potential effects of bigheaded carps on fatty acid profiles of 
multiple trophic levels in large rivers of the Midwest, USA: 
Food Webs, v. 16, article e00095, 14 p., https://doi.org/​
10.1016/​j.fooweb.2018.e00095.

Fritts, A.K., Knights, B.C., Larson, J.H., Amberg, J.J., Merkes, 
C.M., Tajjioui, T., Butler, S.E., Diana, M.J., Wahl, D.H., 
Weber, M.J., and Waters, J.D., 2019, Development of a 
quantitative PCR method for screening ichthyoplankton 
samples for bigheaded carps: Biological Invasions, v. 21, 
no. 4, p. 1143–1153, https://doi.org/​10.1007/​s10530-​
018-​1887-​9.

Fritts, A.K., Knights, B.C., Stanton, J.C., Milde, A.S., 
Vallazza, J.M., Brey, M.K., Tripp, S.J., Devine, T.E., 
Sleeper, W., Lamer, J.T., and Mosel, K.J., 2021, Lock opera-
tions influence upstream passages of invasive and native 
fishes at a Mississippi River high-head dam: Biological 
Invasions, v. 23, no. 3, p. 771–794, https://doi.org/​10.1007/​
s10530-​020-​02401-​7.

Garcia, T., Jackson, P.R., Murphy, E.A., Valocchi, A.J., 
and Garcia, M.H., 2013, Development of a Fluvial 
Egg Drift Simulator to evaluate the transport and 
dispersion of Asian carp eggs in rivers: Ecological 
Modelling, v. 263, p. 211–222, https://doi.org/​
10.1016/​j.e​colmodel.2​013.05.005.

Garcia, T., Murphy, E.A., Jackson, P.R., and Garcia, M.H., 
2015, Application of the FluEgg model to predict transport 
of Asian carp eggs in the Saint Joseph River (Great Lakes 
tributary): Journal of Great Lakes Research, v. 41, no. 2, 
p. 374–386, https://doi.org/​10.1016/​j.jglr.2015.02.003.

Garcia, T., Zuniga Zamalloa, C., Jackson, P.R., Murphy, 
E.A., and Garcia, M.H., 2015, A laboratory investiga-
tion of the suspension, transport, and settling of silver 
carp eggs using synthetic surrogates: PLoS One, v. 10, 
no. 12, article e0145775, 19 p., https://doi.org/​10.1371/​
journal.pone.0145775.

Garner, A.B., Kwak, T.J., Manuel, K.L., and Barwick, D.H., 
2013, High-density grass carp stocking effects on a reservoir 
invasive plant and water quality: Journal of Aquatic Plant 
Management, v. 51, p. 27–33, https://apms.org/​wp-​content/​
uploads/​japm-​51-​01-​27.pdf.

George, A.E., and Chapman, D.C., 2013, Aspects 
of embryonic and larval development in big-
head carp Hypophthalmichthys nobilis and silver 
carp Hypophthalmichthys molitrix: PLoS One, v. 8, 
no. 8, article e73829, 11 p., https://doi.org/​10.1371/​
journal.pone.0073829.

George, A.E., and Chapman, D.C., 2015, Embryonic and 
larval development and early behavior in grass carp, 
Ctenopharyngodon idella—Implications for recruitment 
in rivers: PLoS One, v. 10, no. 3, article e0119023, 14 p., 
https://doi.org/​10.1371/​journal.pone.0119023.

George, A.E., Chapman, D.C., Deters, J.E., Erwin, S.O., and 
Hayer, C.-A., 2015, Effects of sediment burial on grass 
carp, Ctenopharyngodon idella (Valenciennes, 1844), eggs: 
Journal of Applied Ichthyology, v. 31, no. 6, p. 1120–1126, 
https://doi.org/​10.1111/​jai.12918.

George, A.E., Garcia, T., and Chapman, D.C., 2017, 
Comparison of size, terminal fall velocity, and density of 
bighead carp, silver carp, and grass carp eggs for use in 
drift modeling: Transactions of the American Fisheries 
Society, v. 146, no. 5, p. 834–843, https://doi.org/​10.1080/​
00028487.20​17.1310136.

George, A.E., Garcia, T., Stahlschmidt, B.H., and Chapman, 
D.C., 2018, Ontogenetic changes in swimming speed of sil-
ver carp, bighead carp, and grass carp larvae—Implications 
for larval dispersal: PeerJ, v. 6, article e5869, 18 p., 
https://doi.org/​10.7717/​peerj.5869.

Guan, X., Monroe, E.M., Bockrath, K.D., Mize, E.L., Rees, 
C.B., Lindsay, D.L., Baerwaldt, K.L., Nico, L.G., and 
Lance, R.F., 2019, Environmental DNA assays for invasive 
populations of Black Carp in North America: Transactions 
of the American Fisheries Society, v. 148, no. 6, 
p. 1043–1055, https://doi.org/​10.1002/​tafs.10195.

https://doi.org/10.1002/nafm.10724
https://publications.gc.ca/collections/collection_2017/mpo-dfo/Fs70-6-2016-057-eng.pdf
https://publications.gc.ca/collections/collection_2017/mpo-dfo/Fs70-6-2016-057-eng.pdf
https://doi.org/10.1002/rra.3295
https://doi.org/10.1002/rra.3295
https://doi.org/10.1016/j.fooweb.2018.e00095
https://doi.org/10.1016/j.fooweb.2018.e00095
https://doi.org/10.1007/s10530-018-1887-9
https://doi.org/10.1007/s10530-018-1887-9
https://doi.org/10.1007/s10530-020-02401-7
https://doi.org/10.1007/s10530-020-02401-7
https://doi.org/10.1016/j.ecolmodel.2013.05.005
https://doi.org/10.1016/j.ecolmodel.2013.05.005
https://doi.org/10.1016/j.jglr.2015.02.003
https://doi.org/10.1371/journal.pone.0145775
https://doi.org/10.1371/journal.pone.0145775
https://apms.org/wp-content/uploads/japm-51-01-27.pdf
https://apms.org/wp-content/uploads/japm-51-01-27.pdf
https://doi.org/10.1371/journal.pone.0073829
https://doi.org/10.1371/journal.pone.0073829
https://doi.org/10.1371/journal.pone.0119023
https://doi.org/10.1111/jai.12918
https://doi.org/10.1080/00028487.2017.1310136
https://doi.org/10.1080/00028487.2017.1310136
https://doi.org/10.7717/peerj.5869
https://doi.org/10.1002/tafs.10195


Appendix 2.  U.S. Geological Survey Information Products on Invasive Carp, 2011–22    25

Harrison, T.J., Hop, K.D., Hlavacek, E., and Knights, B.C., 
2020, USGS Illinois River monitoring and evaluation, in 
Monitoring and Response Workgroup, ed., 2020 Asian 
carp monitoring and response plan: Asian Carp Regional 
Coordinating Committee, p. 87–90, http​://pubs.er​.usgs.gov/​
publication/​70221394.

Hayer, C.-A., Bayless, M.F., George, A., Thompson, N., 
Richter, C.A., and Chapman, D.C., 2020, Use of envi-
ronmental DNA to detect grass carp spawning events: 
Fishes, v. 5, no. 3, article 27, 10 p., https://doi.org/​10.3390/​
fishes5030027.

Hayer, C.-A., Bayless, M.F., Richter, C.A., George, A.E., and 
Chapman, D.C., 2021, Grass carp reproduction in small 
tributaries of Truman Reservoir, Missouri—Implications for 
establishment in novel habitats: North American Journal of 
Fisheries Management, accepted article published June 30, 
2021, https://doi.org/​10.1002/​nafm.10670.

Heer, T., Wells, M.G., Jackson, P.R., and Mandrak, N.E., 
2020, Modelling grass carp egg transport using a 3-D 
hydrodynamic river model—The role of egg retention 
in dead zones on spawning success: Canadian Journal of 
Fisheries and Aquatic Sciences, v. 77, no. 8, p. 1379–1392, 
https://doi.org/​10.1139/​cjfas-​2019-​0344.

Hessler, T.M., Chapman, D.C., Paukert, C.P., Jolley, J.C., and 
Byrne, M.E., 2021, Winter habitat selection and efficacy of 
telemetry to aid grass carp removal efforts in a large res-
ervoir: North American Journal of Fisheries Management, 
14 p., Early View article posted October 22, 2021, 
https://doi.org/​10.1002/​nafm.10693.

Hodgins, N.C., Schramm, H.L., Jr., and Gerard, P.D., 2014, 
Food consumption and growth rates of juvenile black carp 
fed natural and prepared feeds: Journal of Fish and Wildlife 
Management, v. 5, no. 1, p. 35–45, https://doi.org/​10.3996/​
112012-​JFWM-​101.

Hubert, T.D., Boogaard, M.A., and Fredricks, K.T., 2016, 
Identify potential lock treatment options to prevent move-
ment of aquatic invasive species through the Chicago 
Area Waterways System (CAWS): U.S. Geological Survey 
Open-File Report 2016–1001, 16 p., https://doi.org/​10.3133/​
ofr20161001.

Hundt, P.J., Amberg, J., Sauey, B., Vacura, K., and Bajer, P.G., 
2020, Tests in a semi-natural environment suggest that 
bait and switch strategy could be used to control invasive 
Common Carp: Management of Biological Invasions, v. 11, 
no. 3, p. 428–440, https://doi.org/​10.3391/​mbi.2020.11.3.06.

Hunter, M.E., Dorazio, R.M., Butterfield, J.S., Meigs-Friend, 
G., Nico, L.G., and Ferrante, J.A., 2017, Detection limits 
of quantitative and digital PCR assays and their influ-
ence in presence-absence surveys of environmental DNA: 
Molecular Ecology Resources, v. 17, no. 2, p. 221–229, 
https://doi.org/​10.1111/​1755-​0998.12619.

Hunter, M.E., and Nico, L.G., 2015, Genetic analysis of 
invasive Asian Black Carp (Mylopharyngodon piceus) 
in the Mississippi River Basin—Evidence for multiple 
introductions: Biological Invasions, v. 17, no. 1, p. 99–114, 
https://doi.org/​10.1007/​s10530-​014-​0708-​z.

Jenkins, J.A., Chauvin, M.D., Johnson, D., Brown, B.L., 
Bailey, J., Kelly, A.M., and Kinter, B.T., 2019, Defensible 
standardized ploidy assessments for Grass Carp 
(Ctenopharyngodon idella, Cyprinidae) intercepted from 
the commercial supply chain: Journal of Great Lakes 
Research, v. 45, no. 2, p. 371–383, https://doi.org/​10.1016/​
j.jglr.2018.12.004.

Jensen, N.R., Amberg, J.J., Luoma, J.A., Walleser, L.R., and 
Gaikowski, M.P., 2012, Assessing consumption of bioac-
tive micro-particles by filter-feeding Asian carp: Journal 
of Aquaculture Research & Development, v. 3, no. 2, 6 p., 
https://doi.org/​10.4172/​2155-​9546.1000126.

Kallis, J.L., Erickson, R.A., and Fritts, M.W., 2020, Asian carp 
population modeling to support an adaptive management 
framework in Monitoring and Response Workgroup, ed., 
2020 Asian carp monitoring and response plan: Asian 
Carp Regional Coordinating Committee, p. 95–100, 
https​://pubs.er​.usgs.gov/​publication/​70221395.

Kasprak, A., Jackson, P.R., Lindroth, E.M., Lund, J.W., and 
Ziegeweid, J.R., 2022, The role of hydraulic and geo-
morphic complexity in predicting invasive carp spawning 
potential—St. Croix River, Minnesota and Wisconsin, 
United States: PLoS One, v. 17, no. 2, article e0263052, 
25 p., https://doi.org/​10.1371/​journal.pone.0263052.

Kay, R.T., Mills, P.C., and Jackson, P.R., 2016, Geology, 
hydrology, water quality, and potential for interbasin 
invasive-species spread by way of the groundwater pathway 
near Lemont, Illinois: U.S. Geological Survey Scientific 
Investigations Report 2016–5095, 91 p., https://doi.org/​
10.3133/​sir20165095.

King, T.L., Eackles, M.S., and Chapman, D.C., 2011, Tools 
for assessing kinship, population structure, phylogeography, 
and interspecific hybridization in Asian carps invasive to 
the Mississippi River, USA—Isolation and characterization 
of novel tetranucleotide microsatellite DNA loci in silver 
carp Hypophthalmichthys molitrix: Conservation Genetics 
Resources, v. 3, no. 3, p. 397–401, https://doi.org/​10.1007/​
s12686-​010-​9285-​3.

Kinter, B.T., Jenkins, J.A., and Tyson, J.T., 2018, Assessing 
the risk of diploid grass carp Ctenopharyngodon idella in 
the certified triploid supply chain in Ohio: Journal of Great 
Lakes Research, v. 44, no. 5, p. 1093–1099, https://doi.org/​
10.1016/​j.jglr.2018.07.004.

http://pubs.er.usgs.gov/publication/70221394
http://pubs.er.usgs.gov/publication/70221394
https://doi.org/10.3390/fishes5030027
https://doi.org/10.3390/fishes5030027
https://doi.org/10.1002/nafm.10670
https://doi.org/10.1139/cjfas-2019-0344
https://doi.org/10.1002/nafm.10693
https://doi.org/10.3996/112012-JFWM-101
https://doi.org/10.3996/112012-JFWM-101
https://doi.org/10.3133/ofr20161001
https://doi.org/10.3133/ofr20161001
https://doi.org/10.3391/mbi.2020.11.3.06
https://doi.org/10.1111/1755-0998.12619
https://doi.org/10.1007/s10530-014-0708-z
https://doi.org/10.1016/j.jglr.2018.12.004
https://doi.org/10.1016/j.jglr.2018.12.004
https://doi.org/10.4172/2155-9546.1000126
https://pubs.er.usgs.gov/publication/70221395
https://doi.org/10.1371/journal.pone.0263052
https://doi.org/10.3133/sir20165095
https://doi.org/10.3133/sir20165095
https://doi.org/10.1007/s12686-010-9285-3
https://doi.org/10.1007/s12686-010-9285-3
https://doi.org/10.1016/j.jglr.2018.07.004
https://doi.org/10.1016/j.jglr.2018.07.004


26    U.S. Geological Survey Invasive Carp Strategic Framework, 2023–27

Klymus, K.E., Richter, C.A., Chapman, D.C., and Paukert, 
C., 2015, A reply to Iversen et al.'s comment “Monitoring 
of animal abundance by environmental DNA—An increas-
ingly obscure perspective”: Biological Conservation, v. 192, 
p. 481–482, https://doi.org/​10.1016/​j.biocon.2015.09.025.

Klymus, K.E., Richter, C.A., Chapman, D.C., and Paukert, 
C., 2015, Quantification of eDNA shedding rates from 
invasive bighead carp Hypophthalmichthys nobilis and 
silver carp Hypophthalmichthys molitrix: Biological 
Conservation, v. 183, p. 77–84, https://doi.org/​10.1016/​
j.biocon.2014.11.020.

Kocovsky, P.M., 2022, Science and innovation for bat-
tling invasive carp: U.S. Geological Survey Fact Sheet 
2022–3012, 6 p., https://doi.org/​10.3133/​fs20223012.

Kocovsky, P.M., Chapman, D.C., and McKenna, J.E., 
2012, Thermal and hydrologic suitability of Lake Erie 
and its major tributaries for spawning of Asian carps: 
Journal of Great Lakes Research, v. 38, no. 1, p. 159–166, 
https://doi.org/​10.1016/​j.jglr.2011.11.015.

Kočovský, P.M., Chapman, D.C., and Qian, S., 2018, “Asian 
carp” is societally and scientifically problematic. Let’s 
replace it: Fisheries, v. 43, no. 7, p. 311–316, https://doi.org/​
10.1002/​fsh.10087.

Kočovský, P.J., King, N.R., Weimer, E., Mayer, C., and Qian, 
S.S., 2021, Validation of the model-predicted spawning area 
of grass carp Ctenopharyngodon idella in the Sandusky 
River: Journal of Great Lakes Research, v. 47, no. 1, 
p. 29–36, https://doi.org/​10.1016/​j.jglr.2020.06.005.

Kolar, C.S., and Morrison, S.S., 2016, USGS science and 
technology help managers battle invading Asian carp: 
U.S. Geological Survey Fact Sheet 2016–3063, 4 p., 
https://doi.org/​10.3133/​fs20163063.

Kramer, N.W., Phelps, Q.E., Pierce, C.L., and Colvin, M.E., 
2019, A food web modeling assessment of Asian Carp 
impacts in the Middle and Upper Mississippi River, USA: 
Food Webs, v. 21, article e00120, 9 p., https://doi.org/​
10.1016/​j.fooweb.2019.e00120.

Kroboth, P.T., Chapman, D.C., Hrabik, R.A., and Neely, 
D.A., 2019, Characteristics for the external identification of 
Black Carp from Grass Carp: Journal of Fish and Wildlife 
Management, v. 10, no. 2, p. 304–313, https://doi.org/​
10.3996/​112018-​JFWM-​102.

Kroboth, P.T., Chapman, D.C., Steevens, J.A., and Byrd, 
C.G., 2022, Ingested toxicity of antimycin A to grass carp 
Ctenopharyngodon idella and black carp Mylopharyngodon 
piceus in two carriers: Management of Biological 
Invasions, v. 13, article in press posted August 4, 2022, at 
htt​ps://www.r​eabic.net/​journals/​mbi/​2022/​Accepted/​MBI_​
2022_​Kroboth_​etal_​correctedproof.pdf.

Kroboth, P.T., Cox, C.L., Chapman, D.C., and Whitledge, 
G.W., 2019, Black Carp in North America—A description 
of range, habitats, time of year, and methods of reported 
captures: North American Journal of Fisheries Management, 
v. 39, no. 5, p. 1046–1055, https://doi.org/​10.1002/​
nafm.10340.

Ladell, B.A., Walleser, L.R., Grace McCalla, S., Erickson, 
R.A., and Amberg, J.J., 2019, Ethanol and sodium acetate as 
a preservation method to delay degradation of environmen-
tal DNA: Conservation Genetics Resources, v. 11, no. 1, 
p. 83–88, https://doi.org/​10.1007/​s12686-​017-​0955-​2.

Lampo, E.G., Knights, B.C., Vallazza, J.M., Anderson, 
C.A., Rechkemmer, W.T., Solomon, L.E., Casper, A.F., 
Pendleton, R.M., and Lamer, J.T., 2017, Using pharyn-
geal teeth and chewing pads to estimate juvenile Silver 
Carp total length in the La Grange Reach, Illinois River: 
North American Journal of Fisheries Management, 
v. 37, no. 5, p. 1145–1150, https://doi.org/​10.1080/​0​
2755947.2017.1350221.

Lance, R.F., Klymus, K.E., Richter, C.A., Guan, X., 
Farrington, H.L., Carr, M.R., Thompson, N., Chapman, 
D.C., and Baerwaldt, K.L., 2017, Experimental observations 
on the decay of environmental DNA from bighead and sil-
ver carps: Management of Biological Invasions, v. 8, no. 3, 
p. 343–359, https://doi.org/​10.3391/​mbi.2017.8.3.08.

Larson, J.H., Grace McCalla, S., Chapman, D.C., Rees, C., 
Knights, B.C., Vallazza, J.M, George, A.E., Richardson, 
W.B., and Amberg, J., 2016, Genetic analysis shows that 
morphology alone cannot distinguish Asian carp eggs from 
those of other cyprinid species: North American Journal 
of Fisheries Management, v. 36, no. 5, p. 1053–1058, 
https://doi.org/​10.1080/​0​2755947.20​16.1185057.

Larson, J.H., Knights, B.C., Grace McCalla, S., Monroe, E., 
Tuttle-Lau, M.T., Chapman, D.C., George, A.E., Vallazza, 
J.M., and Amberg, J., 2017, Evidence of Asian carp 
spawning upstream of a key choke point in the Mississippi 
River: North American Journal of Fisheries Management, 
v. 37, no. 4, p. 903–919, https://doi.org/​10.1080/​
02755947.2017.1327901.

Larson, J.H., Vallazza, J.M., and Knights, B.C., 2019, 
Estimating the degree to which distance and temperature 
differences drive changes in fish community composition 
over time in the upper Mississippi River: PLoS One, v. 14, 
no. 12, article e0225630, 13 p., https://doi.org/​10.1371/​
journal.pone.0225630.

Lawson, K.M., Ridgway, J.L., Mueller, A.T., Faulkner, J.D.A., 
and Calfee, R.D., 2020, Semiautomated process for enu-
meration of fishes from recreational‐grade side‐scan sonar 
imagery: North American Journal of Fisheries Management, 
v. 40, no. 1, p. 75–83, https://doi.org/​10.1002/​nafm.10373.

https://doi.org/10.1016/j.biocon.2015.09.025
https://doi.org/10.1016/j.biocon.2014.11.020
https://doi.org/10.1016/j.biocon.2014.11.020
https://doi.org/10.3133/fs20223012
https://doi.org/10.1016/j.jglr.2011.11.015
https://doi.org/10.1002/fsh.10087
https://doi.org/10.1002/fsh.10087
https://doi.org/10.1016/j.jglr.2020.06.005
https://doi.org/10.3133/fs20163063
https://doi.org/10.1016/j.fooweb.2019.e00120
https://doi.org/10.1016/j.fooweb.2019.e00120
https://doi.org/10.3996/112018-JFWM-102
https://doi.org/10.3996/112018-JFWM-102
https://www.reabic.net/journals/mbi/2022/Accepted/MBI_2022_Kroboth_etal_correctedproof.pdf
https://www.reabic.net/journals/mbi/2022/Accepted/MBI_2022_Kroboth_etal_correctedproof.pdf
https://doi.org/10.1002/nafm.10340
https://doi.org/10.1002/nafm.10340
https://doi.org/10.1007/s12686-017-0955-2
https://doi.org/10.1080/02755947.2017.1350221
https://doi.org/10.1080/02755947.2017.1350221
https://doi.org/10.3391/mbi.2017.8.3.08
https://doi.org/10.1080/02755947.2016.1185057
https://doi.org/10.1080/02755947.2017.1327901
https://doi.org/10.1080/02755947.2017.1327901
https://doi.org/10.1371/journal.pone.0225630
https://doi.org/10.1371/journal.pone.0225630
https://doi.org/10.1002/nafm.10373


Appendix 2.  U.S. Geological Survey Information Products on Invasive Carp, 2011–22    27

Layhee, M.J., Gross, J.A., Parsley, M.J., Romine, J.G., Glover, 
D.C., Suski, C.D., Wagner, T.L., Sepulveda, A.J., and 
Gresswell, R.E., 2013, Asian carp behavior in response to 
static water gun firing: U.S. Geological Survey Fact Sheet 
2013–3098, 4 p., https://doi.org/​10.3133/​fs20133098.

LeRoy, J.Z., Davis, J.J., Shanks, M.R., Jackson, P.R., Murphy, 
E.A., Baxter, C.L., Trovillion, J.C., and McInerney, M.K., 
2019, Efficacy of increasing discharge to reduce tow-
mediated fish passage across an electric dispersal barrier 
system in a confined channel: Journal of Great Lakes 
Research, v. 45, no. 6, p. 1320–1331, https://doi.org/​
10.1016/​j.jglr.2019.08.007.

Li, G., Elliott, C.M., Call, B.C., Chapman, D.C., Jacobson, 
R.B., and Wang, B., 2023, Evaluations of Lagrangian egg 
drift models—From a laboratory flume to large channelized 
rivers: Ecological Modeling, v. 475, article 1102000, 11 p., 
https://doi.org/​10.1016/​j.e​colmodel.2​022.110200.

Li, G., Wang, B., Elliott, C.M., Call, B.C., Chapman, D.C., 
and Jacobson, R.B., 2022, A three-dimensional Lagrangian 
particle tracking model for predicting transport of eggs of 
rheophilic-spawning carps in turbulent rivers: Ecological 
Modelling, v. 470, article 110035, 16 p., https://doi.org/​
10.1016/​j.e​colmodel.2​022.110035.

Li, S.-F., Xu, J.-W., Yang, Q.-L, Wang, C.-H., Chapman, D.C., 
and Lu, G., 2011, Significant genetic differentiation between 
native and introduced silver carp (Hypophthalmichthys 
molitrix) inferred from mtDNA analysis: Environmental 
Biology of Fishes, v. 92, no. 4, p. 503–511, https://doi.org/​
10.1007/​s10641-​011-​9870-​7.

Long, J.M., Liang, Y., Shoup, D.E., Dzialowski, A.R., and 
Bidwell, J.R., 2014, GIS-based rapid-assessment of bighead 
carp Hypophthalmichthys nobilis (Richardson, 1845) 
suitability in reservoirs: Management of Biological 
Invasions, v. 5, no. 4, p. 363–370, https://doi.org/​10.3391/​
mbi.2014.5.4.07.

Lubejko, M.V., Whitledge, G.W., Coulter, A.A., Brey, M.K., 
Oliver, D.C., and Garvey, J.E., 2017, Evaluating upstream 
passage and timing of approach by adult bigheaded carps 
at a gated dam on the Illinois River: River Research and 
Applications, v. 33, no. 8, p. 1268–1278, https://doi.org/​
10.1002/​rra.3180.

Merkes, C.M., Grace McCalla, S., Jensen, N.R., Gaikowski, 
M.P., and Amberg, J.J., 2014, Persistence of DNA in 
carcasses, slime and avian feces may affect interpre-
tation of environmental DNA data: PLoS One, v. 9, 
no. 11, article e113346, 7 p., https://doi.org/​10.1371/​
journal.pone.0113346.

Milardi, M., Chapman, D., Lanzoni, M., Long, J.M., and 
Castaldelli, G., 2017, First evidence of bighead carp wild 
recruitment in Western Europe, and its relation to hydrology 
and temperature: PLoS One, v. 12, no. 12, article e0189517, 
13 p., https://doi.org/​10.1371/​journal.pone.0189517.

Milardi, M., Soana, E., Chapman, D., Fano, E.A., and 
Castaldelli, G., 2020, Could a freshwater fish be at the 
root of dystrophic crises in a coastal lagoon?: Science 
of the Total Environment, v. 711, article 135093, 11 p., 
https://doi.org/​10.1016/​j.s​citotenv.2​019.135093.

Miller, J.J., Eackles, M.S., Stauffer, J.R., and King, T.L., 
2015, Next-generation genomic shotgun sequencing 
indicates greater genetic variability in the mitochondria of 
Hypophthalmichthys molitrix relative to H. nobilis from the 
Mississippi River, USA and provides tools for research and 
detection: Conservation Genetics Resources, v. 7, no. 1, 
p. 9–11, https://doi.org/​10.1007/​s12686-​014-​0296-​3.

Mize, E.L., Erickson, R.A., Merkes, C.M., Berndt, N., 
Bockrath, K., Credico, J., Grueneis, N., Merry, J., 
Mosel, K., Tuttle-Lau, M., Von Ruden, K., Woiak, Z., 
Amberg, J.J., Baerwaldt, K., Finney, S., and Monroe, E., 
2019, Refinement of eDNA as an early monitoring tool 
at the landscape-level—Study design considerations: 
Ecological Applications, v. 29, no. 6, article e01951, 15 p., 
https://doi.org/​10.1002/​eap.1951.

Mundy, B.C., Nico, L., and Tagawa, A., 2015, One 
carp, two carp—Are there more carp in the Wailoa 
River?: Hawaii Fishing News, v. 40, no. 6, p. 18–19, 
https​://pubs.er​.usgs.gov/​publication/​70159327.

Murchy, K.A., Cupp, A.R., Amberg, J.J., Vetter, B.J., 
Fredricks, K.T., Gaikowski, M.P., and Mensinger, A.F., 
2017, Potential implications of acoustic stimuli as a non-
physical barrier to silver carp and bighead carp: Fisheries 
Management and Ecology, v. 24, no. 3, p. 208–216, 
https://doi.org/​10.1111/​fme.12220.

Murchy, K.A., Vetter, B.J., Brey, M.K., Amberg, J.J., 
Gaikowski, M.P., and Mensinger, A.F., 2016, Not all carp 
are created equal—Impacts of broadband sound on com-
mon carp swimming behavior: Proceedings of Meetings on 
Acoustics [Acoustical Society of America], v. 27, article 
010032, 9 p., https://doi.org/​10.1121/​2.0000314.

Murphy, E.A., Garcia, T., Jackson, P.R., and Duncker, J.J., 
2016, Simulation of hypothetical Asian carp egg and lar-
vae development and transport in the Lockport, Brandon 
Road, Dresden Island, and Marseilles Pools of the Illinois 
Waterway by use of the Fluvial Egg Drift Simulator 
(FluEgg) model: U.S. Geological Survey Open-File Report 
2016–1101, 19 p., https://doi.org/​10.3133/​ofr20161011.

https://doi.org/10.3133/fs20133098
https://doi.org/10.1016/j.jglr.2019.08.007
https://doi.org/10.1016/j.jglr.2019.08.007
https://doi.org/10.1016/j.ecolmodel.2022.110200
https://doi.org/10.1016/j.ecolmodel.2022.110035
https://doi.org/10.1016/j.ecolmodel.2022.110035
https://doi.org/10.1007/s10641-011-9870-7
https://doi.org/10.1007/s10641-011-9870-7
https://doi.org/10.3391/mbi.2014.5.4.07
https://doi.org/10.3391/mbi.2014.5.4.07
https://doi.org/10.1002/rra.3180
https://doi.org/10.1002/rra.3180
https://doi.org/10.1371/journal.pone.0113346
https://doi.org/10.1371/journal.pone.0113346
https://doi.org/10.1371/journal.pone.0189517
https://doi.org/10.1016/j.scitotenv.2019.135093
https://doi.org/10.1007/s12686-014-0296-3
https://doi.org/10.1002/eap.1951
https://pubs.er.usgs.gov/publication/70159327
https://doi.org/10.1111/fme.12220
https://doi.org/10.1121/2.0000314
https://doi.org/10.3133/ofr20161011


28    U.S. Geological Survey Invasive Carp Strategic Framework, 2023–27

Murphy, E.A., and Jackson, P.R., 2013, Hydraulic and water-
quality data collection for the investigation of Great Lakes 
tributaries for Asian carp spawning and egg-transport suit-
ability: U.S. Geological Survey Scientific Investigations 
Report 2013–5106, 30 p., https://doi.org/​10.3133/​
sir20135106.

Nico, L., Demopoulos, A., Gualtieri, D., and Wieser, C., 
2011, Use of stable isotopes and mercury to assess tro-
phic positions of black carp and other large fishes in the 
Red-Atchafalaya River system, Louisiana, USA, chap. 8 
of Chapman, D.C., and Hoff, M.H., eds., Invasive Asian 
Carps in North America: Bethesda, Md., American Fisheries 
Society Symposium 74, p. 105–119, https://doi.org/​
10.47886/​9781934874233.

Orazio, C.E., Chapman, D.C., May, T.W., Meadows, J.C., 
Walther, M.J., Echols, K.R., Deters, J.E., and Dierenfeld, 
E.S., 2011, Evaluation of environmental contaminants 
and elements in bigheaded carps of the Missouri River at 
Easley, Missouri, USA, chap. 14 of Chapman, D.C., and 
Hoff, M.H., eds., Invasive Asian Carps in North America: 
Bethesda, Md., American Fisheries Society Symposium 74, 
p. 199–214, https://doi.org/​10.47886/​9781934874233.

Ostheimer, C.J., Boldt, J.A., and Buszka, P.M., 2021, 
Supporting data and simulation of hypothetical bighead carp 
egg and larvae development and transport in the Ohio River 
between Markland Locks and Dam and McAlpine Locks 
and Dam, Kentucky and Indiana, by use of the Fluvial 
Egg Drift Simulator: U.S. Geological Survey Scientific 
Investigations Report 2021–5005, 30 p., https://doi.org/​
10.3133/​sir20215005.

Papoulias, D.M., Candrl, J., Jenkins, J.A., and Tillitt, D.E., 
2011, Verification of ploidy and reproductive potential in 
triploid black carp and grass carp, chap. 18 of Chapman, 
D.C., and Hoff, M.H., eds., Invasive Asian carps in North 
America: Bethesda, Md., American Fisheries Society 
Symposium 74, p. 251–266, https://doi.org/​10.47886/​
9781934874233.

Poole, J.R., Sauey, B.W., Amberg, J.J., and Bajer, P.G., 
2018, Assessing the efficacy of corn-based bait contain-
ing antimycin-a to control common carp populations using 
laboratory and pond experiments: Biological Invasions, 
v. 20, no. 7, p. 1809–1820, https://doi.org/​10.1007/​s10530-​
018-​1662-​y.

Post van der Burg, M., Smith, D.R., Cupp, A.R., Rogers, 
M.W., and Chapman, D.C., 2021, Decision analysis of 
barrier placement and targeted removal to control invasive 
carp in the Tennessee River Basin: U.S. Geological Survey 
Open-File Report 2021–1068, 18 p., https://doi.org/​10.3133/​
ofr20211068.

Poulos, H.M., Chernoff, B., Fuller, P.L., and Butman, D., 
2012, Ensemble forecasting of potential habitat for three 
invasive fishes: Aquatic Invasions, v. 7, no. 1, p. 59–72, 
https://doi.org/​10.3391/​ai.2012.7.1.007.

Poulton, B.C., Bailey, J., Kroboth, P.T., George, A.E., and 
Chapman, D.C., 2021, Invasive black carp as a reservoir 
host for the freshwater mollusk parasite Aspidogaster 
conchicola—Further evidence of mollusk consumption 
and implications for parasite dispersal: Freshwater Mollusk 
Biology and Conservation, v. 24, no. 2, p. 114–123, 
https://doi.org/​10.31931/​fmbc-​d-​20-​00011.

Poulton, B.C., Kroboth, P.T, George, A.E., Chapman, D.C., 
Bailey, J., McMurray, S.E., and Faiman, J.S., 2019, First 
examination of diet items consumed by wild-caught black 
carp (Mylopharyngodon piceus) in the U.S: American 
Midland Naturalist, v. 182, no. 1, p. 89–108, https://doi.org/​
10.1674/​0003-​0031-​182.1.89.

Prada, A.F., George, A.E., Stahlschmidt, B.H., Chapman, D.C., 
and Tinoco, R.O., 2018, Survival and drifting patterns of 
grass carp eggs and larvae in response to interactions with 
flow and sediment in a laboratory flume: PLoS One, v. 13, 
no. 12, article e0208326, 19 p., https://doi.org/​10.1371/​
journal.pone.0208326.

Prada, A.F., George, A.E., Stahlschmidt, B.H., Jackson, P.R., 
Chapman, D.C., and Tinoco, R.O., 2020, Influence of 
turbulence and in-stream structures on the transport and 
survival of grass carp eggs and larvae at various develop-
mental stages: Aquatic Sciences, v. 82, article 16, 16 p., 
https://doi.org/​10.1007/​s00027-​019-​0689-​1.

Prada, A.F., George, A.E., Stahlschmidt, B.H., Jackson, 
P.R., Chapman, D.C., and Tinoco, R.O., 2021, Using 
turbulence to identify preferential areas for grass carp 
(Ctenopharyngodon idella) larvae in streams—A labo-
ratory study: Water Resources Research, v. 57, no. 2, 
article e2020WR028102, 22 p., https://doi.org/​10.1029/​
2020WR028102.

Prechtel, A.R., Coulter, A.A., Etchison, L., Jackson, P.R., 
and Goforth, R.R., 2018, Range estimates and habitat 
use of invasive Silver Carp (Hypophthalmichthys moli-
trix)—Evidence of sedentary and mobile individuals: 
Hydrobiologia, v. 805, p. 203–218, https://doi.org/​10.1007/​
s10750-​017-​3296-​y.

Putland, R.L., Brey, M.K., and Mensinger, A.F., 2021, 
Exploring how vessel activity influences the soundscape 
at a navigation lock on the Mississippi River: Journal 
of Environmental Management, v. 296, article 112720, 
https://doi.org/​10.1016/​j​.jenvman.2​021.112720.

https://doi.org/10.3133/sir20135106
https://doi.org/10.3133/sir20135106
https://doi.org/10.47886/9781934874233
https://doi.org/10.47886/9781934874233
https://doi.org/10.47886/9781934874233
https://doi.org/10.3133/sir20215005
https://doi.org/10.3133/sir20215005
https://doi.org/10.47886/9781934874233
https://doi.org/10.47886/9781934874233
https://doi.org/10.1007/s10530-018-1662-y
https://doi.org/10.1007/s10530-018-1662-y
https://doi.org/10.3133/ofr20211068
https://doi.org/10.3133/ofr20211068
https://doi.org/10.3391/ai.2012.7.1.007
https://doi.org/10.31931/fmbc-d-20-00011
https://doi.org/10.1674/0003-0031-182.1.89
https://doi.org/10.1674/0003-0031-182.1.89
https://doi.org/10.1371/journal.pone.0208326
https://doi.org/10.1371/journal.pone.0208326
https://doi.org/10.1007/s00027-019-0689-1
https://doi.org/10.1029/2020WR028102
https://doi.org/10.1029/2020WR028102
https://doi.org/10.1007/s10750-017-3296-y
https://doi.org/10.1007/s10750-017-3296-y
https://doi.org/10.1016/j.jenvman.2021.112720


Appendix 2.  U.S. Geological Survey Information Products on Invasive Carp, 2011–22    29

Putnam, J.G., Nelson, J., Leis, E.M., Erickson, R.A., Hubert, 
T.D., and Amberg, J.J., 2017, Using silver and bighead 
carp cell lines for the identification of a unique metabo-
lite fingerprint from thiram-specific chemical exposure: 
Chemosphere, v. 168, p. 1477–1485, https://doi.org/​
10.1016/​j.che​mosphere.2​016.11.046.

Ridgway, J.L., Lawson, K.M., Shier, S.A., Calfee, R.D., 
and Chapman, D.C., 2021, An assessment of fish herd-
ing techniques—Management implications for mass 
removal and control of silver carp: North American Journal 
of Fisheries Management, Early View article posted 
August 10, 2021, https://doi.org/​10.1002/​nafm.10685.

Rivera, J.M., Glover, D.C., Kocovsky, P.M., Garvey, J.E., 
Gaikowski, M.P., Jensen, N.R., and Adams, R.F., 2018, 
Water guns affect abundance and behavior of bigheaded 
carp and native fish differently: Biological Invasions, 
v. 20, no. 5, p. 1243–1255, https://doi.org/​10.1007/​s10530-​
017-​1624-​9.

Robinson, K.F., DuFour, M., Jones, M., Herbst, S., Newcomb, 
T., Boase, J.C., Brenden, T., Chapman, D., Dettmers, J., 
Francis, J., Hartman, T., Kočovský, P., Locke, B., Mayer, 
C., and Tyson, J., 2021, Using decision analysis to col-
laboratively respond to invasive species threats—A case 
study of Lake Erie grass carp (Ctenopharyngodon idella): 
Journal of Great Lakes Research, v. 47, no. 1, p. 108–119, 
https://doi.org/​10.1016/​j.jglr.2020.03.018.

Romine, J.G., Jensen, N.R., Parsley, M.J., Gaugush, R.F., 
Severson, T.J., Hatton, T.W., Adams, R.F., and Gaikowski, 
M.P., 2015, Response of Bighead Carp and Silver Carp to 
repeated water gun operation in an enclosed shallow pond: 
North American Journal of Fisheries Management, v. 35, 
no. 3, p. 440–453, https://doi.org/​10.1080/​0​2755947.20​
15.1012279.

Schreier, T.M., and Hubert, T.D., 2015, Determination of the 
acute toxicity of isoniazid to three invasive carp species and 
rainbow trout in static exposures: U.S. Geological Survey 
Open-File Report 2015–1101, 9 p., https://doi.org/​10.3133/​
ofr20151101.

Sullivan, C.J., Camacho, C.A., Weber, M.J., and Pierce, 
C.L., 2017, Intra‐annual variability of Silver Carp popu-
lations in the Des Moines River, USA: North American 
Journal of Fisheries Management, v. 37, no. 4, p. 836–849, 
https://doi.org/​10.1080/​0​2755947.20​17.1330785.

Sullivan, C.J., Weber, M.J., Pierce, C.L., Wahl, D.H., Phelps, 
Q.E., Camacho, C.A., and Colombo, R.E., 2018, Factors 
regulating year‐class strength of Silver Carp throughout 
the Mississippi River basin: Transactions of the American 
Fisheries Society, v. 147, no. 3, p. 541–553, https://doi.org/​
10.1002/​tafs.10054.

Thomas, R.G., Jenkins, J.A., and David, J., 2011, Occurrence 
and distribution of Asian carps in Louisiana, chap. 17 of 
Chapman, D.C., and Hoff, M.H., eds., Invasive Asian carps 
in North America: Bethesda, Md., American Fisheries 
Society Symposium 74, p. 239–250, https://doi.org/​
10.47886/​9781934874233.

Tinoco, R.O., Prada, A.F., George, A.E., Stahlschmidt, B.H., 
Jackson, P.R., and Chapman, D.C., 2022, Identifying tur-
bulence features hindering swimming capabilities of grass 
carp larvae (Ctenopharyngodon idella) through submerged 
vegetation: Journal of Ecohydraulics, v. 7, no. 1, p. 4–16, 
https://doi.org/​10.1080/​2​4705357.20​20.1835566.

Tristano, E.P., Coulter, A.A., Newton, T.J., and Garvey, J.E., 
2019, Invasive silver carp may compete with unionid 
mussels for algae—First experimental evidence: Aquatic 
Conservation, v. 29, no. 10, p. 1749–1757, https://doi.org/​
10.1002/​aqc.3185.

Vallazza, J.M., Mosel, K.J., Reineke, D.M., Runstrom, A.L., 
Larson, J.H., and Knights, B.C., 2021, Timing and hydro-
logical conditions associated with bigheaded carp move-
ment past navigation dams on the upper Mississippi river: 
Biological Invasions, v. 23, p. 3409–3425, https://doi.org/​
10.1007/​s10530-​021-​02583-​8.

Vetter, B.J., Brey, M.K., and Mensinger, A.F., 2018, 
Reexamining the frequency range of hearing in silver 
(Hypophthalmichthys molitrix) and bighead (H. nobilis) 
carp: PLoS One, v. 13, no. 3, article e0192561, 15 p., 
https://doi.org/​10.1371/​journal.pone.0192561.

Vetter, B.J., Calfee, R.D., and Mensinger, A.F., 2017, 
Management implications of broadband sound in modu-
lating wild silver carp (Hypophthalmichthys molitrix) 
behavior: Management of Biological Invasions, v. 8, no. 3, 
p. 371–376, https://doi.org/​10.3391/​mbi.2017.8.3.10.

Vetter, B.J., Cupp, A.R., Fredricks, K.T., Gaikowski, M.P., 
and Mensinger, A.F., 2015, Acoustical deterrence of Silver 
Carp (Hypophthalmichthys molitrix): Biological Invasions, 
v. 17, no. 12, p. 3383–3392, https://doi.org/​10.1007/​s10530-​
015-​0964-​6.

Vetter, B.J., Murchy, K.A., Cupp, A.R., Amberg, J.J., 
Gaikowski, M.P., and Mensinger, A.F., 2017, Acoustic 
deterrence of bighead carp (Hypophthalmichthys nobilis) 
to a broadband sound stimulus: Journal of Great Lakes 
Research, v. 43, no. 1, p. 163–171, https://doi.org/​10.1016/​
j.jglr.2016.11.009.

Walleser, L.R., Howard, D.R., Sandheinrich, M.B., 
Gaikowski, M.P., and Amberg, J.J., 2014, Confocal micros-
copy as a useful approach to describe gill rakers of Asian 
species of carp and native filter-feeding fishes of the upper 
Mississippi River system: Journal of Fish Biology, v. 85, 
no. 5, p. 1777–1784, https://doi.org/​10.1111/​jfb.12504.

https://doi.org/10.1016/j.chemosphere.2016.11.046
https://doi.org/10.1016/j.chemosphere.2016.11.046
https://doi.org/10.1002/nafm.10685
https://doi.org/10.1007/s10530-017-1624-9
https://doi.org/10.1007/s10530-017-1624-9
https://doi.org/10.1016/j.jglr.2020.03.018
https://doi.org/10.1080/02755947.2015.1012279
https://doi.org/10.1080/02755947.2015.1012279
https://doi.org/10.3133/ofr20151101
https://doi.org/10.3133/ofr20151101
https://doi.org/10.1080/02755947.2017.1330785
https://doi.org/10.1002/tafs.10054
https://doi.org/10.1002/tafs.10054
https://doi.org/10.47886/9781934874233
https://doi.org/10.47886/9781934874233
https://doi.org/10.1080/24705357.2020.1835566
https://doi.org/10.1002/aqc.3185
https://doi.org/10.1002/aqc.3185
https://doi.org/10.1007/s10530-021-02583-8
https://doi.org/10.1007/s10530-021-02583-8
https://doi.org/10.1371/journal.pone.0192561
https://doi.org/10.3391/mbi.2017.8.3.10
https://doi.org/10.1007/s10530-015-0964-6
https://doi.org/10.1007/s10530-015-0964-6
https://doi.org/10.1016/j.jglr.2016.11.009
https://doi.org/10.1016/j.jglr.2016.11.009
https://doi.org/10.1111/jfb.12504


30    U.S. Geological Survey Invasive Carp Strategic Framework, 2023–27

Walleser, L.R., Sandheinrich, M.B., Howard, D.R., Gaikowski, 
M.P., and Amberg, J.J., 2014, Spatial and temporal varia-
tion of the gill rakers of gizzard shad and silver carp in three 
Midwestern rivers: North American Journal of Fisheries 
Management, v. 34, no. 5, p. 875–884, https://doi.org/​
10.1080/​02755947.2014.920740.

Wamboldt, J.J., Murchy, K.A., Stanton, J.C., Blodgett, K.D., 
and Brey, M.K., 2019, Evaluation of an acoustic fish deter-
rent system in shallow water application at the Emiquon 
Preserve, Lewistown, IL: Management of Biological 
Invasions, v. 10, no. 3, p. 536–558, https://doi.org/​10.3391/​
mbi.2019.10.3.09.

Wang, J., Chapman, D., Xu, J., Wang, Y., and Gu, B., 
2018, Isotope niche dimension and trophic overlap 
between bigheaded carps and native filter-feeding fish 
in the lower Missouri River, USA: PLoS One, v. 13, 
no. 5, article e0197584, 13 p., https://doi.org/​10.1371/​
journal.pone.0197584.

Whitledge, G.W., Chapman, D.C., Farver, J., Herbst, S., 
Mandrak, N.E., Miner, J.G., Pangle, K.L., and Kočovský, 
P.M., 2021, Identifying sources and year classes contribut-
ing to invasive grass carp in the Laurentian Great Lakes: 
Journal of Great Lakes Research, v. 47, no. 1, p. 14–28, 
https://doi.org/​10.1016/​j.jglr.2020.07.008.

Whitledge, G.W., Knights, B., Vallazza, J., Larson, J., Weber, 
M.J., Lamer, J.T., Phelps, Q.E., and Norman, J.D., 2019, 
Identification of bighead carp and silver carp early-life 
environments and inferring Lock and Dam 19 passage in 
the Upper Mississippi River—Insights from otolith chem-
istry: Biological Invasions, v. 21, no. 3, p. 1007–1020, 
https://doi.org/​10.1007/​s10530-​018-​1881-​2.

Whitledge, G.W., Kroboth, P.T., Chapman, D.C., Phelps, 
Q.E., Sleeper, W., Bailey, J., and Jenkins, J.A., 2022, 
Establishment of invasive black carp (Mylopharyngodon 
piceus) in the Mississippi River basin—Identifying sources 
and year classes contributing to recruitment: Biological 
Invasions, v. 24, p. 3885–3904, https://doi.org/​10.1007/​
s10530-​022-​02889-​1.

Wittmann, M.E., Jerde, C.L., Howeth, J.G., Maher, S.P., 
Deines, A.M., Jenkins, J.A., Whitledge, G.W., Burbank, 
S.R., Chadderton, W.L., Mahon, A.R., Tyson, J.T., Gantz, 
C.A., Keller, R.P., Drake, J.M., and Lodge, D.M., 2014, 
Grass carp in the Great Lakes region—Establishment 
potential, expert perceptions, and re-evaluation of experi-
mental evidence of ecological impact: Canadian Journal of 
Fisheries and Aquatic Sciences, v. 71, no. 7, p. 992–999, 
https://doi.org/​10.1139/​cjfas-​2013-​0537.

Ye, L., Amberg, J., Chapman, D., Gaikowski, M., and Liu, 
W.-T., 2014, Fish gut microbiota analysis differentiates 
physiology and behavior of invasive Asian carp and indig-
enous American fish: The ISME Journal, v. 8, p. 541–551, 
https://doi.org/​10.1038/​ismej.2013.181.

Zhu, Z., Motta, D., Jackson, P.R., and Garcia, M.H., 2017, 
Numerical modeling of simultaneous tracer release and 
piscicide treatment for invasive species control in the 
Chicago Sanitary and Ship Canal, Chicago, Illinois: 
Environmental Fluid Mechanics, v. 17, no. 2, p. 211–229, 
https://doi.org/​10.1007/​s10652-​016-​9464-​1.

Zhu, Z., Soong, D.T., Garcia, T., Behrouz, M.S., Butler, S.E., 
Murphy, E.A., Diana, M.J., Duncker, J.J., and Wahl, D.H., 
2018, Using reverse-time egg transport analysis for pre-
dicting Asian Carp spawning grounds in the Illinois River: 
Ecological Modelling, v. 384, p. 53–62, https://doi.org/​
10.1016/​j.e​colmodel.2​018.06.003.

Zolper, T.J., Cupp, A.R., and Smith, D.L., 2019, Investigating 
the mixing efficiencies of liquid-to-liquid chemical injection 
manifolds for aquatic invasive species management: Journal 
of Fluids Engineering, v. 141, no. 3, article 031302, 14 p., 
https://doi.org/​10.1115/​1.4041361.

Zolper, T.J., Smith, D.L., Jackson, P.R., and Cupp, A.R., 2022, 
Performance of a carbon dioxide injection system at a navi-
gation lock to control the spread of aquatic invasive species: 
Journal of Environmental Engineering, v. 148, no. 4, article 
04022011, 18 p., https://doi.org/​10.1061/​(ASCE)EE.1943-​
7870.0001987.

https://doi.org/10.1080/02755947.2014.920740
https://doi.org/10.1080/02755947.2014.920740
https://doi.org/10.3391/mbi.2019.10.3.09
https://doi.org/10.3391/mbi.2019.10.3.09
https://doi.org/10.1371/journal.pone.0197584
https://doi.org/10.1371/journal.pone.0197584
https://doi.org/10.1016/j.jglr.2020.07.008
https://doi.org/10.1007/s10530-018-1881-2
https://doi.org/10.1007/s10530-022-02889-1
https://doi.org/10.1007/s10530-022-02889-1
https://doi.org/10.1139/cjfas-2013-0537
https://doi.org/10.1038/ismej.2013.181
https://doi.org/10.1007/s10652-016-9464-1
https://doi.org/10.1016/j.ecolmodel.2018.06.003
https://doi.org/10.1016/j.ecolmodel.2018.06.003
https://doi.org/10.1115/1.4041361
https://doi.org/10.1061/(ASCE)EE.1943-7870.0001987
https://doi.org/10.1061/(ASCE)EE.1943-7870.0001987


For more information about this report, contact:
Biological Threats and Invasive Species Research Program
h​ttps://www​.usgs.gov/​mission-​areas/​ecosystems/​biological-​threats-​
and-​invasive-​species-​research-​program
Publishing support provided by the Reston and Pembroke Publishing 
Service Centers

Photographs
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p. iv  Removal of silver carp and bighead carp, Creve Coeur Lake, 
Maryland Heights, Missouri.

p. vi  A grass carp about to be released in the Mississippi River after 
being implanted with an acoustic transmitter to allow tracking of its 
movements.

p. 2  Black carp and mussels. 

p. 4  A USGS scientist collects telemetry from Truman Reservoir.

p. 7 (three photographs)  Preparation of speakers and installation of 
the acoustic deterrent system at Lock 19 on the Mississippi River.

p. 8 (top)  Analyzing DNA samples.

p. 8 (bottom)  USGS scientists field test invasive carp baits and 
attractants on the Sandusky River.

p. 9 (top)  Supply tanks of liquid carbon dioxide.

p. 9 (bottom)  Field trial of a U.S. Geological Survey-developed 
carbon dioxide deterrent in a backwater of the Illinois River.

p. 10 (top)  Removal of invasive carp during USGS-led mass removal 
research. Photograph by the Missouri Department of Conservation.

p. 10 (bottom)  A seine full of invasive carp captured during USGS-
led mass removal research. Photograph by the Missouri Department 
of Conservation.

p. 11 (top)  Field sampling for grass carp eggs on the Sandusky River, 
a tributary to Lake Erie. Photograph by Nicole King.

p. 11 (bottom)  Sampling for grass carp on the Sandusky River.  
Photograph by the Ohio Department of Natural Resources, Division of 
Wildlife.

p. 12  Synthetic surrogate water-hardened silver carp eggs on a bed 
of sediment.

p. 12 (bottom)  A school of silver carp. Photograph by the U.S. Army 
Corps of Engineers.

p. 13  Grass carp egg samples.

p. 14  Silver carp jumping.

p. 15  USGS biologist deploying an ichthyoplankton net while 
sampling for eggs and larvae of invasive grass carp in a tributary to 
the Great Lakes.

p. 20 (top)  USGS scientist holds a black carp captured from the 
Mississippi River.

p. 20 (bottom)  Grass carp eggs being examined for developmental 
stage.

Inside back cover  Juvenile bighead carp.
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