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Previous U.S. Geological Survey-led research has assessed the role 
waterfowl with intercontinental migratory tendencies, such as  

Anas acuta (Linnaeus, 1758; northern pintail), may play in the dispersal 
of avian influenza viruses between East Asia and North America. 

Photograph by Andrew Ramey, U.S. Geological Survey.
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Executive Summary
Highly pathogenic avian influenza (HPAI) is an 

ecologically and economically important animal disease that 
can also directly affect humans (a “zoonotic” disease). HPAI 
was once limited almost exclusively to domestic poultry but 
has rapidly adapted to diverse animal hosts. Viruses causing 
HPAI now appear to be maintained and dispersed by wild 
birds largely independent of poultry, though HPAI continues 
to cause considerable economic losses and supply chain 
disruptions in the domestic poultry trade. Coincident with 
the adaptation of HPAI viruses to wild birds, particularly 
waterfowl and gulls, increasingly diverse wild bird hosts are 
becoming exposed to HPAI, often resulting in disease and 
death. More sporadically, HPAI has caused mass mortality 
events, particularly among seabirds. Furthermore, viral 
spillover to wild and domestic mammals has become more 
common. Spillover to wild mammals has resulted in mortality 
among diverse terrestrial and marine taxa, including episodic 
losses of such scale as to represent potential conservation 
challenges. Since approximately March 2024, HPAI has also 
affected dairy cows, which represents a new threat to the 
agricultural economy. Lastly, HPAI has increasingly affected 
humans through domestic animal exposures, exemplifying 
the considerable implications of this disease beyond 
animal health.

Rapid changes in the ecology of HPAI are currently 
outpacing research efforts. For example, it is not entirely clear 
which newly established hosts may become reservoirs for 
HPAI viruses (in other words, capable of maintaining HPAI 
viruses within a broad population indefinitely) and how this 
may influence viral evolution and dissemination. As a result, 
there are considerable information gaps regarding HPAI in 
wildlife that, if filled, would improve the ability of scientists, 
managers, agricultural industry representatives, and healthcare 
professionals to understand and to anticipate the effects of 
HPAI on wild animal, domestic animal, environmental, and 
human health (“One Health”).

The U.S. Geological Survey (USGS) is the lead Federal 
agency providing scientific research on avian influenza 
viruses (AIVs), including HPAI viruses, that affect wildlife for 
which the Department of the Interior (DOI) has management 
authority. States have jurisdiction over wildlife on Federal 
lands within their borders (43 CFR § 24.3), so the USGS 
Ecosystems Mission Area (EMA) coordinates with State 
natural resource management agencies. The EMA focuses its 
research on HPAI through priorities identified by the USGS 
Avian Influenza Science Team (app. 1). Priorities identified 
by the USGS Avian Influenza Science Team are based on 
Administration priorities, Congressional direction, and 
discussions with State, Federal, and Tribal natural resource 
management agencies that identify specific scientific gaps 
that need to be filled to inform sound wildlife management 
decisions. Notable non-DOI Federal partners include the U.S. 
Department of Agriculture, the lead for the HPAI regulatory 
response in poultry and livestock, and the Centers for Disease 
Control and Prevention (CDC), the lead agency for the HPAI 
response pertaining to human health.

The USGS offers unique expertise and capacity 
pertaining to research on diseases affecting free-ranging 
wildlife populations. This expertise has been critical to 
interjurisdictional surveillance and capacity-building efforts, 
including programs administered by the U.S. Department of 
Agriculture and the CDC. The USGS also provides resources, 
guidance, and tools to inform surveillance and interventions 
conducted by natural resource management agencies. More 
specifically, the USGS EMA provides objective and rigorous 
scientific data for inferring (1) the utility of new methods to 
detect and characterize AIVs, including those maintained in 
wildlife and the environment; (2) effects of HPAI on wildlife; 
(3) spatiotemporal patterns of wildlife host and AIV dispersal; 
(4) the presence and persistence of AIVs in the environment; 
(5) how HPAI in wildlife influences consumptive and 
nonconsumptive utilization of wildlife; (6) how new tools 
and scientific methods may promote sound management 
decisions for HPAI-affected wildlife, particularly species of 
conservation concern; and (7) the combined effects of HPAI 
and other stressors on ecosystem health and resiliency.
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This science strategy builds upon research outlined in 
a previous USGS science strategy for HPAI (2016–20) by 
Harris and others (2016). This strategy also details research 
priorities identified by the Administration (for example, 
U.S. Department of Agriculture, 2025) and others based 
on USGS Avian Influenza Science Team discussions with 
natural resource management agencies to address HPAI and 
wildlife health over the next 5 years (2025–29). This strategy 
presents 7 goals and 26 objectives that focus USGS and 
partner efforts on priorities that will fill data gaps regarding 
the effects of HPAI on wildlife managed by or co-managed 
with the U.S. Department of the Interior such that agencies 
and partners might anticipate or limit adverse effects on 
public resources. This strategy also identifies research 
priorities intended to address HPAI in wildlife and wildlife 
habitat that are anticipated to support interjurisdictional  
One Health efforts.
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Introduction
Waterfowl, gulls, and shorebirds have long been 

recognized as natural reservoir hosts of diverse avian 
influenza viruses (AIVs) (Webster and others, 1992). 
Genetically and antigenically diverse AIVs maintained 
among waterfowl, gulls, and shorebirds have historically not 
been associated with disease among wild birds; however, 
sporadic viral spillover into nonreservoir hosts, including 
marine mammals, various peridomestic animals (those living 
in and around human habitations or poultry farms), and 
domestic chickens and turkeys, has more commonly led to 
adverse animal health outcomes (Webster and others, 1992). 
In particular, the spillover of AIV subtypes H5 and H7 into 
domestic poultry has repeatedly led to further viral evolution 
and adaption, resulting in viruses with a highly pathogenic 
phenotype (Swayne and Suarez, 2000). The disease caused 
by such viruses, highly pathogenic avian influenza (HPAI), 
and the resultant mortality among affected domestic birds 
have long been recognized as economically costly to the 
domestic bird trade and therefore have been subject to 
intensive management to mitigate effects for many years 
(Lupiani and Reddy, 2009). However, with perhaps only a 
single exception (Becker, 1966), HPAI was not known to 
affect wild birds prior to 2002 (Ellis and others, 2004).

Since 2002, HPAI has become increasingly common 
among wild birds (Ramey and others, 2022a). With few 
exceptions, confirmed cases of HPAI among wild birds 
have been associated with a particular H5 subtype viral 
lineage that was first described as affecting domestic geese 
in Guangdong, China, in 1996 (Sonnberg and others, 2013). 
Reports of HPAI among wild birds circa 2002–10 generally 
appeared to be a function of poultry-adapted viruses 
repeatedly spreading from domestic birds to susceptible 
wild bird hosts (Sonnberg and others, 2013). However, 
the incidence of HPAI among wild birds has become more 
common since approximately 2010, providing evidence that 
HPAI viruses were becoming established among wild bird 
reservoir species (Ramey and others, 2022a).

The first reports of HPAI among wild birds inhabiting 
North America, which resulted from sampling efforts by U.S. 
Geological Survey (USGS) scientists and others, began in 
late 2014 (Ip and others, 2015). Through genomic analysis 
of viruses led by USGS scientists and others, it became 
clear that wild migratory birds introduced HPAI viruses 
from East Asia (Ramey and others, 2016). Viruses causing 
HPAI quickly spread from wild birds to domestic poultry 
throughout Canada and the western and midwestern United 
States, resulting in the largest animal disease outbreak in 
North America at that time (Lee and others, 2018). Domestic 
animal management agencies within North America adopted 
prevention, control, and eradication strategies that included 
strict biosecurity for domestic bird production, isolation 
of infected and exposed flocks, and prompt depopulation. 
These strategies ultimately led to eradication of HPAI within 
domestic poultry in Canada and the United States in 2015 

Branta hutchinsii (Richardson, 1832; cackling geese)  have been 
affected by highly pathogenic avian influenza in North America during 
2022–25 and are among the wild birds 
that have been targeted for sampling 
through research efforts led by the 
U.S. Geological Survey. Photograph by 
Ryan Askren, U.S. Geological Survey.

https://doi.org/10.3133/ofr20161121
https://www.usda.gov/about-usda/news/press-releases/2025/02/26/usda-invests-1-billion-combat-avian-flu-and-reduce-egg-prices
https://www.usda.gov/about-usda/news/press-releases/2025/02/26/usda-invests-1-billion-combat-avian-flu-and-reduce-egg-prices
https://www.usda.gov/about-usda/news/press-releases/2025/02/26/usda-invests-1-billion-combat-avian-flu-and-reduce-egg-prices
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(Seeger and others, 2021). The last detection of HPAI viruses 
among wild birds inhabiting North America associated with 
this outbreak was in 2016 (Lee and others, 2017).

Despite concerted efforts to eradicate HPAI in North 
America during 2014–15, viruses causing HPAI continued to 
circulate among wild and domestic birds on other continents 
(Ramey and others, 2022a). During 2021, HPAI viruses were 
again introduced by wild birds into North America via both 
a trans-Atlantic pathway from Europe (Caliendo and others, 
2022) and a trans-Pacific pathway from East Asia (Ahlstrom 
and others, 2024). Since re-introduction in 2021, HPAI has set 
new disease precedents in the United States, affecting more 
wild bird species, wild mammal species, domestic animal 
species, individual animals, and humans than previously 
reported HPAI-associated disease events (Harvey and others, 
2023). The geographic extent of viral detections, levels of 
occurrence among susceptible hosts, and scale of mortality 
in wildlife and domestic animals have been large enough to 
indicate that conservation, food security, and public health 
may face future challenges on account of HPAI viruses 
(Garg and others, 2024; Haman and others, 2024; Louis 
and others, 2024). Therefore, agencies within the United 
States responsible for the management of wild and domestic 
animal health, and concerned with human public health, are 
grappling with how to address data gaps regarding the scope 
of infection and disease to identify appropriate and efficient 
ways to respond.

The USGS is the lead Federal agency providing scientific 
research on AIVs, including HPAI viruses, that affect 
wildlife for which the Department of the Interior (DOI) has 
management authority and responsibility, including those 
HPAI-affected species for which management is coordinated 
with Local, State, Federal, and Tribal partners (henceforth 
referred to as DOI trust species). As such, the USGS has been 
at the forefront of research on HPAI in wild birds and other 
wildlife since before this disease first affected wild birds in 

North America. Specifically, long-term and ongoing programs 
at the USGS have provided critical data for forecasting 
intercontinental viral introduction pathways through which 
HPAI viruses arrive in North America and subsequently 
for assessing ecological impacts following introduction 
events. These programs include the Bird Banding Laboratory 
established to align with the Migratory Bird Treaty Act (16 
U.S.C. 703–712), Breeding Bird Survey to assess the status 
and trends of North American bird populations, wild bird 
cause-of-death investigations at the USGS National Wildlife 
Health Center, and testing of hunter-harvested birds in western 
Alaska for AIVs.

USGS scientists were among the first to identify 
HPAI-affected birds in the United States following viral 
introductions to North America via migratory birds in 2014 
and 2021 (Ip and others, 2015; Youk and others, 2023). USGS 
scientists have also characterized genomes of introduced HPAI 
viruses and described the emergence of novel HPAI virus 
genotypes (Ramey and others, 2016; Ahlstrom and others, 
2024). USGS scientists have also led or supported efforts 
to provide information on the potential effects of HPAI on 
wild bird health (Prosser and others, 2022; Spackman and 
others, 2023). Additionally, USGS scientists have led the 
development of new methods to detect and isolate infectious 
HPAI viruses in the environment (Hubbard and others, 2023, 
2024), understand the duration of AIV persistence in aquatic 
habitats (Ramey and others, 2022b), and model viral spillover 
risk between wild birds and poultry (Prosser and others, 
2024). Collectively, information and tools generated by USGS 
scientists and partners on topics pertaining to HPAI in wildlife 
have informed resource allocation, risk mitigation, and 
outbreak response by diverse Local, State, Federal, and Tribal 
partners. Table 1 provides metrics pertaining to the impact 
of recent USGS products (app. 2) about avian influenza and 
relevance to partners.

Table 1.  Metrics of impact and relevance to partners (as of December 2024) for U.S. Geological Survey (USGS) data products about 
avian influenza that were published between October 2018 and September 2024.

Fiscal year1

Scientific papers2 All USGS data products3

Total 
published

Proportion  
cited

Total 
published or 

presented

Proportion  
authored by USGS 

scientists, only

Proportion authored by 
USGS and academic 

scientists, only

Proportion authored by 
USGS scientists and 

non-academic potential 
end users

2019 10 1.00 20 0.45 0.10 0.45
2020 11 0.91 17 0.24 0.12 0.65
2021 5 1.00 13 0.31 0.08 0.62
2022 9 0.89 46 0.57 0.13 0.30
2023 12 0.92 48 0.39 0.17 0.44
2024 10 0.30 51 0.31 0.16 0.52

1A fiscal year is the 12-month period from October 1 through September 30 of the following year and is designated by the calendar year in which it ends.
2This category includes all papers authored or co-authored by USGS scientists that have been cited as determined through a web search conducted in 

December 2024.
3This category includes papers, abstracts, posters, data releases, preprints, and other data products.
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Congressional Mandates
The USGS’s role in researching HPAI was established 

through Public Law 109–148, 119 Stat. 2680, which assigned 
the USGS the responsibility of conducting “surveys, 
investigations, and research” aimed at detecting HPAI 
in wild birds. This mandate includes the investigation of 
unusual morbidity and mortality events in wild birds with 
an avian influenza testing protocol (refer to resulting USGS 
publications in app. 2). Funding associated with this mandate 
was distributed by Congress in fiscal year (FY) 2006 and FY 
2007. Additional funding was also distributed per a request 
in the FY 2008 President's Budget, which Congress approved 
(U.S. House of Representatives, 2007, p. 52). Although no 
additional appropriations have been received, the USGS 
maintain its HPAI research and surveillance capacity, which 
is aligned with mandates outlined by Executive Order No. 
13186—Responsibilities of Federal Agencies to Protect 
Migratory Birds (16 U.S.C. 701(3)(11)) and the Migratory 
Bird Treaty Act (16 U.S.C. 703–712).

U.S. Department of Homeland 
Security’s Federal Emergency 
Management Agency National 
Response and Recovery Frameworks

The Department of the Interior is one of the primary 
agencies for the Department of Homeland Security’s National 
Response Framework Emergency Support Function (ESF) #11 
(Federal Emergency Management Agency, 2016). One of the 
five primary functions for ESF #11 is protecting natural and 
cultural resources and historic properties. Under this function, 
the ESF #11 annex identifies the USGS as the Federal lead  
for wildlife diseases (Federal Emergency Management 
Agency, 2016, p. 7).

USGS Avian Influenza Science 
Strategy

The USGS Science Strategy to Address HPAI and Its 
Effects on Wildlife Health 2025–29 was drafted by six authors 
who received input from the entire USGS Avian Influenza 
Science Team (app. 1). Subsequent subsections convey 7 
overarching science goals for ongoing and future research, 26 
specific objectives pertaining to the goals, and information 
indicating how performance of the agency on targets identified 
within the Science Strategy will be reviewed.

Goals and Objectives

Science Goal 1: Develop and Refine Methods for 
Viral Detection and Characterization of Viruses 
in Wildlife and the Environment

The USGS has been developing, testing, refining, and 
applying diverse methods for detecting and characterizing 
AIVs and antibodies thereto among wildlife and wetland 
habitats for nearly two decades (Ip and others, 2012; Ramey 
and others, 2013, 2024; Densmore and others, 2017; Reeves 
and others, 2020; Hubbard and others, 2023, 2024). Through 
this science goal, the USGS will continue to serve as a leader 
among Federal agencies in the development and refinement of 
such methods to expand research and surveillance capabilities 
and improve cost efficiencies commensurate with changes 
in animal and environmental health risk during the ongoing 
panzootic (that is, the globally widespread animal epidemic) 
of HPAI. Through the specific objectives for this goal, 
methods will be validated and transferred to diverse users 
within scientific and management communities to support 
research and surveillance efforts, including those led by 
other DOI bureaus, the U.S. Department of Agriculture, State 
agencies, and Tribes.

Objective 1.1.—Develop, test, and refine 
culture-independent pipelines, such as genomic 
methods, for detecting and characterizing AIVs 
affecting wildlife.

Objective 1.2.—Develop, test, and refine serologic 
approaches to evaluate prior exposure of wildlife to 
AIVs, including HPAI viruses.

Objective 1.3.—Develop, test, and refine approaches for 
detecting and characterizing AIVs in the environment 
using water and sediment samples.

Objective 1.4.—Develop, test, and refine approaches 
for estimating time since infection using diagnostic 
outputs relative to metrics reported from experimental 
challenge studies.



U.S. Geological Survey scientists use samples collected 
from hunter-harvested waterfowl to detect and 

genomically characterize avian influenza viruses.  
Photograph by Andrew Reeves, U.S. Geological Survey.
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Science Goal 2: Assess Effects of HPAI  
on Wildlife

The USGS has a long history of conducting research to 
understand the effects of various stressors on wildlife health 
to support the management of DOI trust species (Samuel 
and others, 1999; Atkinson and others, 2000; Brand, 2013; 
Hopkins and Soileau, 2018). The USGS will assess how HPAI 
is affecting migratory birds and other wildlife inhabiting 
the United States through this science goal. The specific 
objectives convey how assessments will be logically designed 
and applied to meet information needs of management 
organizations, including other DOI bureaus,  
State agencies, and Tribes.

Objective 2.1.—Assess the incidence of HPAI and 
antibodies to antigenically relevant viruses among 
atypically affected wildlife hosts of avian influenza, 
such as raptors, seabirds, and wild mammals.

Objective 2.2.—Use information on mortality associated 
with HPAI to assess its effects on wildlife populations, 
particularly among species and populations of 
conservation concern.

Objective 2.3.—Identify transcriptomic markers 
indicative of avian influenza infection and relate to 
animal outcomes.

Objective 2.4.—Assess how HPAI may predispose 
wildlife to predation or hunter harvest.

Objective 2.5.—Assess nonlethal impacts of HPAI to 
wildlife health, such as decreased movement capacity 
or increased energetic costs.

Science Goal 3: Identify Spatiotemporal Patterns 
of Wildlife Host and HPAI Virus Dispersal

USGS scientists have developed, refined, and applied 
diverse approaches and tools for inferring patterns of dispersal 
for wildlife and the potential pathogens they harbor (Prosser 
and others, 2011, 2022; Ramey and others 2019; Ahlstrom and 
others, 2021). Through this science goal, the USGS will use its 
expertise and capacities in molecular methods, bioinformatics, 
animal tracking, and modeling (Prosser and others, 2011, 
2022, 2024; Ramey and others 2019, 2024; Ahlstrom and 
others, 2021) to hindcast and predict probable future dispersal 
patterns. Information on wildlife host and HPAI virus dispersal 
will inform surveillance efforts led by other DOI bureaus, the 
U.S. Department of Agriculture, State agencies, and Tribes, 
and support plans to mitigate health risk within wildlife 
populations and among other sectors (for example, domestic 
animal and human).

Objective 3.1.—Use molecular diagnostics, genomic 
sequence information, and serological tools to infer 
how HPAI viruses are spread across space, through 
time, and among species.

Objective 3.2.—Identify spatial and temporal dispersal 
patterns for HPAI viruses and relevant hosts at local, 
regional, and continental scales.

Objective 3.3.—Develop approaches to understand 
ecological influences underlying HPAI dissemination 
and apply models prognostically to anticipate impacts 
to ecosystems.
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U.S. Geological Survey scientists have used samples collected from hunter-
harvested ducks to infer how highly pathogenic avian influenza viruses 
are dispersed across the landscape, through time, and among species. 
Photograph by Andrew Reeves, U.S. Geological Survey.

Science Goal 4: Refine Information on the 
Occurrence and Persistence of HPAI Viruses in 
the Environment to Inform Management Practices

Within the past 5 years, USGS scientists have developed 
and applied several novel field-based approaches for assessing 
the presence and persistence of AIVs in the environment (Ramey 
and others, 2020, 2022b; Reeves and others, 2020; Hubbard and 
others, 2023, 2024; Poulson and others, 2024). The USGS will 
build upon these efforts by refining and applying previously 
developed approaches (Ramey and others, 2022b; Hubbard 
and others, 2024) and conducting new research to inform 
management agencies on the feasibility of efforts to mitigate or 
deactivate AIVs in the environment.

Objective 4.1.—Assess how removing carcasses associated 
with HPAI mortality events from the environment 
influences the subsequent detection of HPAI viruses, 
or antibodies thereto, in wildlife inhabiting the 
immediate area.

Objective 4.2.—Assess how physical and chemical 
characteristics of environmental substrates influence the 
detection and persistence of AIVs in water and sediment.

Objective 4.3.—Assess how AIVs are dispersed through the 
water column following deposition.

Objective 4.4.—Assess and describe the deactivation 
of AIVs by ultraviolet radiation in diverse water and 
sediment substrates.

Objective 4.5.—Assess the feasibility of mitigation efforts 
to deactivate AIVs in the environment within relatively 
small and intensively managed habitats.

Science Goal 5: Incorporate Human Dimensions 
of HPAI in Scientific Studies

HPAI viruses affecting wild birds during 2022–25 seem 
to be effectively maintained and dispersed by wild birds 
independent of poultry. Viral spillover to wild mammals has 
become increasingly common (Elsmo and others, 2023; Ramey 
and others, 2025). Wildlife resources that humans utilize may, 
therefore, be increasingly affected. The USGS intends to respond 
to emerging data gaps regarding human dimensions and HPAI 
by developing new lines of inquiry per the specific objectives 
outlined below.

Objective 5.1.—Assess how HPAI among wildlife has 
impacted harvest practices among hunters and trappers of 
waterfowl, upland birds, small mammals, and big game.

Objective 5.2.—Estimate the economic costs of HPAI 
among wildlife to outdoor recreation industries 
associated with the consumptive (for example, hunting) 
and nonconsumptive (for example, birding and other 
wildlife viewing) utilization of wildlife.

Objective 5.3.—Understand how human behavior, such as 
recreation, tourism, and animal feeding might affect viral 
spread in land-management systems (for example, spread 
to or among critical habitats for DOI trust species).

Objective 5.4.—Assess impacts of HPAI on subsistence 
harvest practices of wildlife among Tribes.
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Science Goal 6: Develop New Tools and 
Scientific Methods to Inform Management 
Decisions Regarding HPAI in Wildlife, 
Particularly for Species of  
Conservation Concern

The USGS has considerable capacity to support decision 
science pertaining to public resources (Runge and others, 
2013; Stoltz and others, 2023). Given the increasing relevance 
of HPAI to wildlife health, and specifically to species and 
populations of conservation concern, the USGS intends to 
use a portion of its decision science capacity to develop and 
provide tools to other DOI bureaus, State agencies, and Tribes 
to inform management decisions regarding DOI trust species 
in the context of the ongoing HPAI panzootic.

Objective 6.1.—Develop decision support tools for 
evaluating mortality of wildlife associated with HPAI.

Objective 6.2.—Develop decision support tools for 
guiding decisions regarding the conservation of 
threatened or endangered species in the context of 
HPAI outbreaks.

Objective 6.3.—Advance spatiotemporal transmission risk 
models at the wild–domestic interface as well as within 
the expanding host range of wild birds and mammals.

Science Goal 7: Assess Potential Combined 
Effects of HPAI and Other Stressors on 
Ecosystem Health and Resiliency

The USGS conducts research on diverse physical 
and biological resources that comprise ecosystems (U.S. 
Geological Survey, 2025). The USGS intends to utilize this 
broad ecological expertise to develop and apply cross-cutting 
approaches to better understand how HPAI may influence 
ecosystem health and resiliency. Through the development 
of projects to meet specific objectives, the USGS intends to 
help address the effects of HPAI on wildlife and their habitats, 
which may be influenced by synergistic effects of HPAI 
viruses and other anthropogenic inputs.

Objective 7.1.—Use information on infection status, 
disease state or outcome, microbiome, contaminant 
exposure, and (or) co-infection status to assess 
cumulative impacts on wildlife health.

Objective 7.2.—Assess correlations between 
environmental detection of avian influenza viruses 
and habitat characteristics to predict how management 
actions may influence viral occurrence and  
persistence in wetlands.

Objective 7.3.—Investigate effects of weather pattern 
and land use changes on behavior and overall health 
of HPAI reservoir wildlife hosts to understand 
implications for infection, transmission, and 
manifestation of disease.

Mallards are common hosts of highly pathogenic avian influenza viruses 
and are frequently harvested by both sport and subsistence hunters. 

Photograph by Andrew Reeves, U.S. Geological Survey.
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Performance Review of the Science 
Strategy

The USGS Avian Influenza Science Team (app. 1) 
intends to meet annually to share research, identify synergies 
and areas for collaboration, and review progress towards 
achieving objectives defined within this 5-year strategy. USGS 
Leadership Team members that direct programs overseeing 
avian influenza research will be invited to meetings to 
advise on alignment with congressional funding mandates, 
Administration priorities, and science needs of natural 
resource management agencies.

Additionally, an annual summary on research conducted 
by the USGS Avian Influenza Science Team (app. 1) will be 
prepared for Federal members of the Interagency Steering 
Committee for Avian Influenza Surveillance in Wild Migratory 
Birds and other relevant groups to review. Feedback on the 
Team’s effectiveness at addressing priorities and adherence 
to the strategy will be shared with the USGS Avian Influenza 
Science Team. This input, along with feedback received 
from non-governmental organizations of natural resource 
management agencies (for example, the Association of Fish 
and Wildlife Agencies and the Native American Fish and 
Wildlife Society) will be considered for the selection of new 
projects commensurate with available resources. A revision 
of the USGS Science Strategy to Address HPAI and Impacts 
to Wildlife Health is anticipated in 2029 if congressional 
appropriation language and Administration priorities continue 
to identify avian influenza in wildlife as an important research 
priority to meet the information needs of natural resource 
management agencies.

References Cited

Ahlstrom, C.A., Torchetti, M.K., Lenoch, J., Beckmen, 
K., Boldenow, M., Buck, E.J., Daniels, B., Dilione, K., 
Gerlach, R., Lantz, K., Matz, A., Poulson, R.L., Scott, L.C., 
Sheffield, G., Sinnett, D., Stallknecht, D.E., Stimmelmayr, 
R., Taylor, E., Williams, A.R., and Ramey, A.M., 2024, 
Genomic characterization of highly pathogenic H5 avian 
influenza viruses from Alaska during 2022 provides 
evidence for genotype-specific trends of spatiotemporal 
and interspecies dissemination: Emerging Microbes & 
Infections, v. 13, no. 1, 10 p., accessed May 21, 2025, at  
https://doi.org/​10.1080/​2​2221751.20​24.2406291.

Ahlstrom, C.A., van Toor, M.L., Woksepp, H., Chandler, J.C., 
Reed, J.A., Reeves, A.B., Waldenström, J., Franklin, A.B., 
Douglas, D.C., Bonnedahl, J. and Ramey, A.M., 2021, 
Evidence for continental-scale dispersal of antimicrobial 
resistant bacteria by landfill-foraging gulls: Science of 
the Total Environment, v. 764, accessed May 21, 2025, at 
https://doi.org/​10.1016/​j.s​citotenv.2​020.144551.

Atkinson, C. T., Dusek, R. J., Woods, K. L., and Iko, 
W. M., 2000, Pathogenicity of avian malaria in 
experimentally-infected Hawaii Amakihi: Journal of 
Wildlife Diseases, v. 36, no. 2, p. 197–201. [Also available 
at https://doi.org/​10.7589/​0090-​3558-​36.2.197.]

Becker, W.B., 1966, The isolation and classification of 
tern virus—Influenza virus A/tern/South Africa/1961: 
Epidemiology and Infection, v. 64, no. 3, p. 309–320. [Also 
available at  
https://p​mc.ncbi.nl​m.nih.gov/​articles/​PMC2134739/​.]

Brand, C.J., 2013, Wildlife mortality investigation and disease 
research: contributions of the USGS National Wildlife 
Health Center to endangered species management and 
recovery: EcoHealth, v. 10, no. 4, p. 446–454, accessed 
May 21, 2025, at  
https://doi.org/​10.1007/​s10393-​013-​0897-​4.

Caliendo, V., Lewis, N.S., Pohlmann, A., Baillie, S.R., 
Banyard, A.C., Beer, M., Brown, I.H., Fouchier, R.A.M., 
Hansen, R.D.E., Lameris, T.K., Lang, A.S., Laurendeau, 
S., Lung, O., Robertson, G., van der Jeugd, H., Alkie, T.N., 
Thorup, K., van Toor, M.L., Waldenström, J., Yason, C., 
Kuiken, T., and Berhane, Y., 2022, Transatlantic spread of 
highly pathogenic avian influenza H5N1 by wild birds from 
Europe to North America in 2021: Scientific Reports, v. 12, 
no. 1, 18 p. [Also available at  
https://doi.org/​10.1038/​s41598-​022-​13447-​z.]

Densmore, C.L., Iwanowicz, D.D., Ottinger, C.A., Hindman, 
L.J., Bessler, A., Iwanowicz, L.R., Prosser, D.J., Whitbeck, 
M., and Driscoll, C.P., 2017, Molecular detection of avian 
influenza virus from sediment samples in waterfowl habitats 
on the Delmarva Peninsula, United States: Avian Diseases, 
v. 61, no. 4, p. 520–525, accessed May 21, 2025, at 
https://doi.org/​10.1637/​11687-​060917-​ResNote.1

Ellis, T.M., Barry Bousfield, R., Bissett, L.A., Dyrting, 
K.C., Luk, G.S., Tsim, S.T., Sturm-ramirez, K., Webster, 
R.G., Guan, Y., and Peiris, J.S.M., 2004, Investigation of 
outbreaks of highly pathogenic H5N1 avian influenza in 
waterfowl and wild birds in Hong Kong in late 2002: Avian 
Pathology, v. 33, no. 5, p. 492–505. [Also available at  
https://doi.org/​10.1080/​03079450400003601.]

Elsmo, E.J., Wünschmann, A., Beckmen, K.B., 
Broughton-Neiswanger, L.E., Buckles, E.L., Ellis, J., 
Fitzgerald, S.D., Gerlach, R., Hawkins, S., Ip, H.S. and 
Lankton, J.S., 2023, Highly pathogenic avian influenza A 
(H5N1) virus clade 2.3.4.4b infections in wild terrestrial 
mammals, United States, 2022: Emerging Infectious 
Diseases, v. 29, no. 12, 10 p., accessed May 21, 2025, at 
https://doi.org/​10.3390/​pathogens12010036.

https://doi.org/10.1080/22221751.2024.2406291
https://doi.org/10.1016/j.scitotenv.2020.144551
https://doi.org/10.7589/0090-3558-36.2.197
https://pmc.ncbi.nlm.nih.gov/articles/PMC2134739/
https://doi.org/10.1007/s10393-013-0897-4
https://doi.org/10.1038/s41598-022-13447-z
https://doi.org/10.1637/11687-060917-ResNote.1
https://doi.org/10.1080/03079450400003601
https://doi.org/10.3390/pathogens12010036


Performance Review of the Science Strategy    9

Federal Emergency Management Agency, 2016, Emergency 
Support Function #11—Agriculture and natural resources 
annex: Federal Emergency Management Agency, 18 p., 
accessed May 13, 2025, at  
h​ttps://www​.fema.gov/​sites/​default/​files/​2020-​07/​fema_​
ESF_​11_​Ag-​Natural-​Resources.pdf.

Garg, S., Reed, C., Davis, C.T., Uyeki, T.M., Behravesh, 
C.B., Kniss, K., Budd, A., Biggerstaff, M., Adjemian, J., 
Barnes, J.R., Kirby, M.K., Basler, C., Szablewski, C.M., 
Richmond-Crum, M., Burns, E., Limbago, B., Daskalakis, 
D.C., Armstrong, K., Boucher, D., Shimabukuro, T.T., 
Jhung, M.A., Olsen, S.J., and Dugan, V., 2024, Outbreak 
of highly pathogenic avian influenza A (H5N1) viruses in 
US dairy cattle and detection of two human cases—United 
States, 2024: MMWR. Morbidity and Mortality Weekly 
Report, v. 73, no. 21, p. 501–505. [Also available at 
https://doi.org/​10.15585/​mmwr.mm7321e1.]

Haman, K.H., Pearson, S.F., Brown, J., Frisbie, L.A., 
Penhallegon, S., Falghoush, A.M., Wolking, R.M., 
Torrevillas, B.K., Taylor, K.R., Snekvik, K.R., Tanedo, 
S.A., Keren, I.N., Ashley, E.A., Clark, C.T., Lambourn, 
D.M., Eckstrand, C.D., Edmonds, S.E., Rovani-Rhoades, 
E.R., Oltean, H., Wilkinson, K., Fauquier, D., Black, A., 
and Waltzek, T.B., 2024, A comprehensive epidemiological 
approach documenting an outbreak of H5N1 highly 
pathogenic avian influenza virus clade 2.3. 4.4 b among 
gulls, terns, and harbor seals in the Northeastern Pacific: 
Frontiers in Veterinary Science, v. 11, 16 p. [Also available 
at https://doi.org/​10.3389/​fvets.2024.1483922.]

Harvey, J.A., Mullinax, J.M., Runge, M.C., and Prosser, D.J., 
2023, The changing dynamics of highly pathogenic avian 
influenza H5N1—Next steps for management & science in 
North America: Biological Conservation, v. 282, 11 p. [Also 
available at https://doi.org/​10.1016/​j.biocon.2023.110041.]

Hopkins, M.C., and Soileau, S.C., 2018, U.S. Geological 
Survey response to white-nose syndrome in bats: U.S. 
Geological Survey Fact Sheet 2018–3020, 4 p., accessed 
May 21, 2025, at https://doi.org/​10.3133/​fs20183020.

Hubbard, L.E., Givens, C.E., Stelzer, E., Killian, M.L., 
Kolpin, D.W., Szablewski, C.M., and Poulson, R.L., 2023, 
Environmental surveillance and detection of infectious 
highly pathogenic avian influenza virus in Iowa wetlands: 
Environmental Science & Technology Letters, v. 10, no. 12, 
p. 1181–1187. [Also available at  
https://doi.org/​10.1021/​acs.estlett.3c00668.]

Hubbard, L.E., Stelzer, E.A., Poulson, R.L., Kolpin, D.W., 
Szablewski, C.M., and Givens, C.E., 2024, Development 
of a Large-Volume Concentration Method to Recover 
Infectious Avian Influenza Virus from the Aquatic 
Environment: Viruses, v. 16, no. 12, 14 p. [Also available at 
https://doi.org/​10.3390/​v16121898.]

Ip, H.S., Dusek, R.J., and Heisey, D.M., 2012, The effect of 
swab sample choice on the detection of avian influenza in 
apparently healthy wild ducks: Avian Diseases, v. 56, no. 1, 
p. 114–119, accessed May 21, 2025, at  
https://doi.org/​10.1637/​9832-​061311-​Reg.1.

Ip, H.S., Torchetti, M.K., Crespo, R., Kohrs, P., DeBruyn, P., 
Mansfield, K.G., Baszler, T., Badcoe, L., Bodenstein, B., 
Shearn-Bochsler, V., Killian, M.L., Pedersen, J.C., Hines, 
N., Gidlewski, T., DeLiberto, T., and Sleeman, J.M., 2015, 
Novel Eurasian highly pathogenic avian influenza A H5 
viruses in wild birds, Washington, USA, 2014: Emerging 
Infectious Diseases, v. 21, no. 5, p. 886–890. [Also 
available at https://doi.org/​10.3201/​eid2105.142020.]

Lee, D.H., Torchetti, M.K., Hicks, J., Killian, M.L., Bahl, 
J., Pantin-Jackwood, M., and Swayne, D.E., 2018, 
Transmission dynamics of highly pathogenic avian 
influenza virus A (H5Nx) clade 2.3. 4.4, North America, 
2014–2015: Emerging Infectious Diseases, v. 24, no. 10, p. 
1840–1848. [Also available at  
https://doi.org/​10.3201/​eid2410.171891.]

Lee, D.H., Torchetti, M.K., Killian, M.L., DeLiberto, T.J., 
and Swayne, D.E., 2017, Reoccurrence of avian influenza 
A (H5N2) virus clade 2.3. 4.4 in wild birds, Alaska, 
USA, 2016: Emerging Infectious Diseases, v. 23, no. 2, p. 
365–367. [Also available at  
https://doi.org/​10.3201/​eid2302.161616.]

Louis, S., Mark-Carew, M., Biggerstaff, M., Yoder, J., Boehm, 
A.B., Wolfe, M.K., Flood, M., Peters, S., Stobierski, M.G., 
Coyle, J., Leslie, M.T., Sinner, M., Nims, D., Salinas, 
V., Lustri, L., Bojes, H., Shetty, V., Burnor, E., Rabe, A., 
Ellison-Giles, G., Yu, A.T., Bell, A., Meyer, S., Lynfield, 
R., Sutton, M., Scholz, R., Falender, R., Matzinger, S., 
Wheeler, A., Ahmed, F.S., Anderson, J., Harris, K., Walkins, 
A., Bohra, S., O'Dell, V., Guidry, V.T., Christensen, A., 
Moore, Z., Wilson, E., Clayton, J.L., Parsons, H., Kniss, K., 
Budd, A., Mercante, J.W., Reese, H.E., Welton, M., Bias, 
M., Webb, J., Cornforth, D., Santibañez, S., Soelaeman, 
R.H., Kaur, M., Kirby, A.E., Barnes, J.R., Fehrenbach, N., 
Olsen, S.J., Honein, M.A., 2024, Wastewater surveillance 
for influenza A virus and H5 subtype concurrent with the 
highly pathogenic avian influenza A (H5N1) virus outbreak 
in cattle and poultry and associated human cases—United 
States, May 12–July 13, 2024: MMWR. Morbidity and 
Mortality Weekly Report, v. 73, no. 37, p. 804–809. [Also 
available at https://doi.org/​10.15585/​mmwr.mm7337a1.]

Lupiani, B., and Reddy, S.M., 2009, The history of avian 
influenza: Comparative Immunology, Microbiology and 
Infectious Diseases, v. 32, no. 4, p. 311–323. [Also available 
at https://doi.org/​10.1016/​j.cimid.2008.01.004.]

https://www.fema.gov/sites/default/files/2020-07/fema_ESF_11_Ag-Natural-Resources.pdf
https://www.fema.gov/sites/default/files/2020-07/fema_ESF_11_Ag-Natural-Resources.pdf
https://doi.org/10.15585/mmwr.mm7321e1
https://doi.org/10.3389/fvets.2024.1483922
https://doi.org/10.1016/j.biocon.2023.110041
https://doi.org/10.3133/fs20183020
https://doi.org/10.1021/acs.estlett.3c00668
https://doi.org/10.3390/v16121898
https://doi.org/10.1637/9832-061311-Reg.1
https://doi.org/10.3201/eid2105.142020
https://doi.org/10.3201/eid2410.171891
https://doi.org/10.3201/eid2302.161616
https://doi.org/10.15585/mmwr.mm7337a1
https://doi.org/10.1016/j.cimid.2008.01.004


10    Science Strategy to Address HPAI and Its Effects on Wildlife Health 2025–29

Poulson, R.L., Reeves, A.B., Ahlstrom, C.A., Scott, L.C., 
Hubbard, L.E., Fojtik, A., Carter, D.L., Stallknecht, D.E., 
and Ramey, A.M., 2024, Infectivity of Wild-Bird Origin 
Influenza A Viruses in Minnesota Wetlands across Seasons: 
Pathogens (Basel, Switzerland), v. 13, no. 5, accessed May 
21, 2025, at https://doi.org/​10.3390/​pathogens13050406.

Prosser, D.J., Cui, P., Takekawa, J.Y., Tang, M., Hou, Y., 
Collins, B.M., Yan, B., Hill, N.J., Li, T., Li, Y., Lei, F., Guo, 
S., Xing, Z., He, Y., Zhou, Y., Douglas, D.C., Perry, W.M., 
and Newman, S.H., 2011, Wild bird migration across the 
Qinghai-Tibetan Plateau—A transmission route for highly 
pathogenic H5N1: PLoS One, v. 6, no. 3, 14 p., accessed 
May 21, 2025, at  
https://doi.org/​10.1371/​journal.pone.0017622.

Prosser, D.J., Kent, C.M., Sullivan, J.D., Patyk, K.A., McCool, 
M.J., Torchetti, M.K., Lantz, K., and Mullinax, J.M., 2024, 
Using an adaptive modeling framework to identify avian 
influenza spillover risk at the wild-domestic interface: 
Scientific Reports, v. 14, no. 1, 13 p.,  
https://doi.org/​10.1038/​s41598-​024-​64912-​w.

Prosser, D., Schley, H., Simmons, N., Sullivan, J.D., 
Homyack, J., Weegman, M.M., Olsen, G.H., Berlin, A., 
Poulson, R.L., Stallknecht, D.E., and Williams, C.K., 2022, 
A lesser scaup (Aythya affinis) naturally infected with 
Eurasian 2.3.4.4 highly pathogenic H5N1 avian influenza 
virus – Movement ecology and host factors: Transboundary 
and Emerging Diseases, v. 69, no. 5. [Also available at  
https://doi.org/​10.1111/​tbed.14614.]

Ramey, A.M., Beckmen, K.B., Saalfeld, D.T., Nicholson, 
K.L., Mangipane, B.A., Scott, L.C., Stallknecht, D.E. 
and Poulson, R.L., 2025, Exposure of wild mammals 
to influenza A (H5N1) virus, Alaska, USA, 2020–2023: 
Emerging Infectious Diseases, v. 31, no. 4, p. 804–808, 
accessed May 21, 2025, at  
https://doi.org/​10.3201/​eid3104.241002.

Ramey, A.M., Hill, N.J., DeLiberto, T.J., Gibbs, S.E.J., 
Camille Hopkins, M., Lang, A.S., Poulson, R.L., Prosser, 
D., Sleeman, J.M., Stallknecht, D.E., and Wan, X.-F., 
2022a, Highly pathogenic avian influenza is an emerging 
disease threat to wild birds in North America: The Journal 
of Wildlife Management, v. 86, no. 2, 21 p. [Also available 
at https://doi.org/​10.1002/​jwmg.22171.]

Ramey, A.M., Reeves, A.B., Drexler, J.Z., Ackerman, J.T., 
De La Cruz, S.E.W., Lang, A.S., Leyson, C., Link, P.T., 
Prosser, D., Robertson, G.J., Wight, J., Youk, S., Spackman, 
E., Pantin-Jackwood, M., Poulson, R.L., and Stallknecht, 
D.E., 2020, Influenza A viruses remain infectious for more 
than seven months in northern wetlands of North America: 
Proceedings of the Royal Society B, Biological Sciences, v. 
287, no. 1934, accessed May 21, 2025, at  
https://doi.org/​10.1098/​rspb.2020.1680.

Ramey, A.M., Reeves, A.B., Lagassé, B.J., Patil, V.P., 
Hubbard, L.E., Kolpin, D.W., McCleskey, R.B., Repert, 
D.A., Stallknecht, D.E., and Poulson, R.L., 2022b, Evidence 
for interannual persistence of infectious influenza A viruses 
in Alaska wetlands: Science of the Total Environment, v. 
803, 9 p. [Also available at  
https://doi.org/​10.1016/​j.s​citotenv.2​021.150078.]

Ramey, A.M., Reeves, A.B., TeSlaa, J.L., Nashold, S., 
Donnelly, T., Bahl, J., and Hall, J.S., 2016, Evidence for 
common ancestry among viruses isolated from wild birds in 
Beringia and highly pathogenic intercontinental reassortant 
H5N1 and H5N2 influenza A viruses: Infection, Genetics 
and Evolution, v. 40, p. 176–185. [Also available at 
https://doi.org/​10.1016/​j.meegid.2016.02.035.]

Ramey, A.M., Scott, L.C., Ahlstrom, C., Buck, E.J., Williams, 
A., Torchetti, M.K., Stallknecht, D.E., and Poulson, R.L., 
2024, Molecular detection and characterization of highly 
pathogenic H5N1 clade 2.3.4.4b avian influenza viruses 
among hunter-harvested wild birds provides evidence for 
three independent introductions into Alaska: Virology, v. 
589, 6 p., accessed May 21, 2025, at  
https://doi.org/​10.1016/​j.virol.2023.109938.

Ramey, A.M., Spackman, E., Yeh, J.-Y., Fujita, G., Konishi, 
K., Uchida, K., Reed, J.A., Wilcox, B.R., Brown, J.D., and 
Stallknecht, D.E., 2013, Antibodies to H5 subtype avian 
influenza virus and Japanese encephalitis virus in northern 
pintails (Anas acuta) sampled in Japan: The Japanese 
Journal of Veterinary Research, v. 61, p. 117–123.

Ramey, A.M., Uher-Koch, B.D., Reeves, A.B., Schmutz, J.A., 
Poulson, R.L., and Stallknecht, D.E., 2019, Emperor geese 
(Anser canagicus) are exposed to a diversity of influenza 
A viruses, are infected during the non-breeding period and 
contribute to intercontinental viral dispersal: Transboundary 
and Emerging Diseases, v. 66, no. 5, p. 1958–1970, 
accessed May 21, 2025, at  
https://doi.org/​10.1111/​tbed.13226.

Reeves, A.B., Ramey, A.M., Koch, J.C., Poulson, R.L., and 
Stallknecht, D.E., 2020, Field-based method for assessing 
duration of infectivity for influenza A viruses in the 
environment: Journal of Virological Methods, v. 277. [Also 
available at https://doi.org/​10.1016/​j.​jviromet.2​020.113818.]

Runge, M.C., Grand, J.B., and Mitchell, M.S., 2013, 
Structured decision making. Wildlife management and 
conservation: contemporary principles and practices. 
Johns Hopkins University Press, Baltimore, Maryland, 
USA, p.51–72.

Samuel, M. D., Takekawa, J. Y., Baranyuk, V. V., and 
Orthmeyer, D. L., 1999. Effects of avian cholera on survival 
of lesser snow geese Anser caerulescens: an experimental 
approach. Bird Study, v. 46, no. 1, p. S239–S247. [Also 
available at https://doi.org/​10.1080/​00063659909477250.]

https://doi.org/10.3390/pathogens13050406
https://doi.org/10.1371/journal.pone.0017622
https://doi.org/10.1038/s41598-024-64912-w
https://doi.org/10.1111/tbed.14614
https://doi.org/10.3201/eid3104.241002
https://doi.org/10.1002/jwmg.22171
https://doi.org/10.1098/rspb.2020.1680
https://doi.org/10.1016/j.scitotenv.2021.150078
https://doi.org/10.1016/j.meegid.2016.02.035
https://doi.org/10.1016/j.virol.2023.109938
https://doi.org/10.1111/tbed.13226
https://doi.org/10.1016/j.jviromet.2020.113818
https://doi.org/10.1080/00063659909477250


Performance Review of the Science Strategy    11

Seeger, R.M., Hagerman, A.D., Johnson, K.K., Pendell, D.L., 
and Marsh, T.L., 2021, When poultry take a sick leave—
Response costs for the 2014–2015 highly pathogenic avian 
influenza epidemic in the USA: Food Policy, v. 102. [Also 
available at https://doi.org/​10.1016/​j​.foodpol.2​021.102068.]

Sonnberg, S., Webby, R.J., and Webster, R.G., 2013, Natural 
history of highly pathogenic avian influenza H5N1: Virus 
Research, v. 178, no. 1, p. 63–77. [Also available at 
https://doi.org/​10.1016/​j.​virusres.2​013.05.009.]

Spackman, E., Pantin-Jackwood, M.J., Lee, S.A., and Prosser, 
D., 2023, The pathogenesis of a 2022 North American 
highly pathogenic clade 2.3.4.4b H5N1 avian influenza 
virus in mallards (Anas platyrhynchos): Avian Pathology,  
v. 52, no. 3, p. 219–228. [Also available at  
https://doi.org/​10.1080/​0​3079457.20​23.2196258.]

Stoltz, A.D., Cravens, A.E., Herman-Mercer, N.M. and Hou, 
C.Y., 2023, So, you want to build a decision-support tool? 
Assessing successes, barriers, and lessons learned for tool 
design and development: U.S. Geological Survey Scientific 
Investigations Report 2023–5076, accessed May 21, 2025, 
at https://doi.org/​10.3133/​sir20235076.

Swayne, D.E., and Suarez, D.L., 2000, Highly pathogenic 
avian influenza: Revue Scientifique et Technique 
(International Office of Epizootics), v. 19, no. 2, p. 463–482. 
[Also available at https://doi.org/​10.20506/​rst.19.2.1230.]

U.S. Geological Survey, 2025, Ecosystems: U.S. Geological 
Survey web page, accessed May 21, 2025, at  
h​ttps://www​.usgs.gov/​index.php/​science/​science-​explorer/​
biology/​ecosystems.

U.S. House of Representatives, 2007, Department of the 
Interior, environment, and related agencies appropriations 
bill, 2008: U.S. Congress H.R. 110–187, 210 p., accessed 
May 13, 2025, at https​://www.con​gress.gov/​110/​crpt/​
hrpt187/​CRPT-​110hrpt187.pdf.

Webster, R.G., Bean, W.J., Gorman, O.T., Chambers, T.M., 
and Kawaoka, Y., 1992, Evolution and ecology of influenza 
A viruses: Microbiological Reviews, v. 56, no. 1, p. 
152–179. [Also available at  
https://doi.org/​10.1128/​mr.56.1.152-​179.1992.]

Youk, S., Torchetti, M.K., Lantz, K., Lenoch, J.B., Killian, 
M.L., Leyson, C., Bevins, S.N., Dilione, K., Ip, H.S., 
Stallknecht, D.E., Poulson, R.L., Suarez, D.L., Swayne, 
D.E., and Pantin-Jackwood, M.J., 2023, H5N1 highly 
pathogenic avian influenza clade 2.3. 4.4 b in wild and 
domestic birds—Introductions into the United States and 
reassortments, December 2021–April 2022: Virology, v. 
587, 14 p. [Also available at  
https://doi.org/​10.1016/​j.virol.2023.109860.]

https://doi.org/10.1016/j.foodpol.2021.102068
https://doi.org/10.1016/j.virusres.2013.05.009
https://doi.org/10.1080/03079457.2023.2196258
https://doi.org/10.3133/sir20235076
https://doi.org/10.20506/rst.19.2.1230
https://www.usgs.gov/index.php/science/science-explorer/biology/ecosystems
https://www.usgs.gov/index.php/science/science-explorer/biology/ecosystems
https://www.congress.gov/110/crpt/hrpt187/CRPT-110hrpt187.pdf
https://www.congress.gov/110/crpt/hrpt187/CRPT-110hrpt187.pdf
https://doi.org/10.1128/mr.56.1.152-179.1992
https://doi.org/10.1016/j.virol.2023.109860


12    Science Strategy to Address HPAI and Its Effects on Wildlife Health 2025–29

Appendix 1.  Names and Affiliations of USGS Avian Influenza Science 
Team Members (in Alphabetical Order by Last Name)

Christina Ahlstrom, Alaska Science Center
Alicia Berlin, Eastern Ecological Science Center
Michael Casazza, Western Ecological Research Center
Susan De La Cruz, Western Ecological Research Center
Robert Dusek, National Wildlife Health Center
Amy George, Columbia Environmental Research Center
Daniel Grear, National Wildlife Health Center
Jeffrey Hall, National Wildlife Health Center
Camille Hopkins, Ecosystems Mission Area
Laura Hubbard, Upper Midwest Water Science Center
Hon Ip, National Wildlife Health Center
Deborah Iwanowicz, Environmental Health Program
Elliott Matchett, Western Ecological Research Center
Christopher Ottinger, Eastern Ecological Science Center 
Aaron Pearse, Northern Prairie Wildlife Research Center
Diann Prosser, Eastern Ecological Science Center
Andrew Ramey, Alaska Science Center
Jeffery Sullivan, Eastern Ecological Science Center
Wayne Thogmartin, Upper Midwest Environmental Sciences Center
Forrest Vanderbilt, Eastern Ecological Science Center
Guelaguetza Vazquez-Meves, Ecosystems Mission Area
Daniel Walsh, Montana Cooperative Wildlife Research Unit



Appendix 2.  USGS Publications on Avian Influenza    13

Appendix 2.  USGS Publications on Avian Influenza

Ahlstrom, C.A., Torchetti, M.K., Lenoch, J., Beckmen, 
K., Boldenow, M., Buck, E.J., Daniels, B., Dilione, K., 
Gerlach, R., Lantz, K., Matz, A., Poulson, R.L., Scott, L.C., 
Sheffield, G., Sinnett, D., Stallknecht, D.E., Stimmelmayr, 
R., Taylor, E., Williams, A.R., and Ramey, A.M., 2024, 
Genomic characterization of highly pathogenic H5 avian 
influenza viruses from Alaska during 2022 provides 
evidence for genotype-specific trends of spatiotemporal 
and interspecies dissemination: Emerging Microbes & 
Infections, v. 13, no. 1, 10 p.,  
https://doi.org/​10.1080/​2​2221751.20​24.2406291.

Alger, K.E., Ip, H.S., Hall, J.S., Nashold, S., Richgels, K., 
and Smith, C.A., 2019, Inactivation of viable surrogates 
for the select agents virulent Newcastle disease virus 
and highly pathogenic avian influenza virus using either 
commercial lysis buffer or heat: Applied Biosafety: Journal 
of the American Biological Safety Association, v. 24, no. 4, 
p. 189–199, https://doi.org/​10.1177/​1535676019888920.

Andrew, C.L., McPhee, L., Kuchinski, K.S., Wight, J., 
Rahman, I., Mansour, S., Angelo Cortez, G., Kalhor, 
M., Kenmuir, E., Prystajecky, N., Hargan, K., Lang, A., 
Leafloor, J.O., Berhanne, Y., Soos, C., Ramey, A.M., and 
Himsworth, C., 2024, Bait trapping of waterfowl increases 
risk for environmental contamination of avian influenza 
virus (AIV): The Journal of Wildlife Management, v. 89, no. 
3, 15 p., https://doi.org/​10.1002/​jwmg.22720.

Anthony, S.J., St. Leger, J.A., Pugliares, K., Ip, H.S., Chan, 
J.M., Carpenter, Z.W., Navarrete-Macias, I., Sanchez-Leon, 
M., Saliki, J.T., Pedersen, J., Karesh, W., Daszak, P., 
Rabadan, R., Rowles, T., and Lipkin, W.I., 2012, Emergence 
of fatal avian influenza in New England harbor seals: mBio, 
v. 3, no. 4, https://doi.org/​10.1128/​mBio.00166-​12.

Arsnoe, D.M., Ip, H.S., and Owen, J.C., 2011, Influence of 
body condition on influenza A virus infection in mallard 
ducks—Experimental infection data: PLoS One, v. 6, no. 8, 
9 p., https://doi.org/​10.1371/​journal.pone.0022633.

Bailey, E., Long, L.-P., Zhao, N., Hall, J.S., Baroch, J.A., 
Nolting, J., Senter, L., Cunningham, F.L., Pharr, G.T., 
Hanson, L., Slemons, R., DeLiberto, T.J., and Wan, X.-F., 
2016, Antigenic characterization of H3 subtypes of avian 
influenza A viruses from North America: Avian Diseases, 
v. 60, 1s, p. 346–353,  
https://doi.org/​10.1637/​11086-​041015-​RegR.

Bakken, M.A., Nashold, S., and Hall, J.S., 2020, Serosurvey 
of coyotes (Canis latrans), foxes (Vulpes vulpes, Urocyon 
cinereoargenteus) and raccoons (Procyon lotor) for 
exposure to influenza A viruses in the USA: Journal of 
Wildlife Diseases, v. 56, no. 4, p. 953–955,  
https://doi.org/​10.7589/​2019-​10-​244.

Bevins, S.N., Dusek, R.J., White, C.L., Gidlewski, T., 
Bodenstein, B., Mansfield, K.G., DeBruyn, P., Kraege, 
D.K., Rowan, E.L., Gillin, C., Thomas, B., Chandler, S., 
Baroch, J., Schmit, B., Grady, M.J., Miller, R.S., Drew, 
M.L., Stopak, S., Zscheile, B., Bennett, J., Sengl, J., Brady, 
C., Ip, H.S., Spackman, E., Killian, M.L., Torchetti, M.K., 
Sleeman, J.M., and DeLiberto, T.J., 2016, Widespread 
detection of highly pathogenic H5 influenza viruses in 
wild birds from the Pacific Flyway of the United States: 
Scientific Reports, v. 6, 9 p.,  
https://doi.org/​10.1038/​srep28980.

Bianchini, E.A., Bogiatto, R.J., Donatello, R.A., Casazza, 
M.L., Ackerman, J.T., De La Cruz, S.E.W., and Cline, T.D., 
2021, Host correlates of avian influenza virus infection in 
wild waterfowl of the Sacramento Valley, California: Avian 
Diseases, v. 66, no. 1, p. 1–9,  
https://doi.org/​10.1637/​aviandiseases-​D-​21-​00071.

Borchardt, M.A., Spencer, S.K., Hubbard, L.E., Firnstahl, A., 
Stokdyk, J.P., and Kolpin, D.W., 2017, Avian influenza virus 
RNA in groundwater wells supplying poultry farms affected 
by the 2015 influenza outbreak: Environmental Science & 
Technology Letters, v. 4, no. 7, p. 268–272,  
https://doi.org/​10.1021/​acs.estlett.7b00128.

Bourouiba, L., Gourley, S.A., Liu, R., Takekawa, J.Y., and Wu, 
J., 2015, Avian Influenza spread and transmission dynamics. 
Analyzing and modeling spatial and temporal dynamics of 
infectious diseases, 137–162.

Bourouiba, L., Wu, J., Newman, S., Takekawa, J.Y., Natdorj, 
T., Batbayar, N., Bishop, C.M., Hawkes, L.A., Butler, P.J., 
and Wikelski, M., 2010, Spatial dynamics of bar-headed 
geese migration in the context of H5N1: Journal of the 
Royal Society, Interface, v. 7, no. 52, p. 1627–1639, 
https://doi.org/​10.1098/​rsif.2010.0126.

Bridge, E.S., Kelly, J.F., Xiao, X., Batbayar, N., Natsagdorj, 
T., Hill, N.J., Takekawa, J.Y., Hawkes, L.A., Bishop, 
C.M., Butler, P.J., and Newman, S.H., 2015, Stable 
isotopes suggest low site fidelity in Bar-Headed Geese 
(Anser indicus) in Mongolia—Implications for disease 
transmission: Waterbirds, v. 38, no. 2, p. 123–132, 
https://doi.org/​10.1675/​063.038.0201.

https://doi.org/10.1080/22221751.2024.2406291
https://doi.org/10.1177/1535676019888920
https://doi.org/10.1002/jwmg.22720
https://doi.org/10.1128/mBio.00166-12
https://doi.org/10.1371/journal.pone.0022633
https://doi.org/10.1637/11086-041015-RegR
https://doi.org/10.7589/2019-10-244
https://doi.org/10.1038/srep28980
https://doi.org/10.1637/aviandiseases-D-21-00071
https://doi.org/10.1021/acs.estlett.7b00128
https://doi.org/10.1098/rsif.2010.0126
https://doi.org/10.1675/063.038.0201


14    Science Strategy to Address HPAI and Its Effects on Wildlife Health 2025–29

Bridge, E.S., Kelly, J.F., Xiao, X., Takekawa, J.Y., Hill, 
N.J., Yamage, M., Haque, E.U., Islam, M.A., Mundkur, 
T., Yavuz, K.E., Leader, P., Leung, C.Y.H., Smith, B., 
Spragens, K.A., Vandegrift, K.J., Hosseini, P.R., Saif, 
S., Mohsanin, S., Mikolon, A., Islam, A., George, A., 
Sivananinthaperumal, B., Daszak, P., and Newman, S.H., 
2014, Bird migration and avian influenza—A comparison 
of hydrogen stable isotopes and satellite tracking methods: 
Ecological Indicators, v. 45, p. 266–273,  
https://doi.org/​10.1016/​j​.ecolind.2​014.04.027.

Brown, J.D., Luttrell, M.P., Berghaus, R.D., Kistler, W., 
Keeler, S.P., Howey, A., Wilcox, B., Hall, J.S., Niles, L., 
Dey, A., Knutsen, G., Fritz, K., and Stallknecht, D.E., 
2010, Prevalence of antibodies to type A influenza virus in 
wild avian species using two serologic assays: Journal of 
Wildlife Diseases, v. 46, no. 3, p. 896–911,  
https://doi.org/​10.7589/​0090-​3558-​46.3.896.

Cappelle, J., Zhao, D., Gilbert, M., Nelson, M.I., Newman, 
S.H., Takekawa, J.Y., Gaidet, N., Prosser, D.J., Liu, Y., Li, 
P., Shu, Y., and Xiao, X., 2014, Risks of avian influenza 
transmission in areas of intensive free-ranging duck 
production with wild waterfowl: EcoHealth, v. 11, no. 1, 
p. 109–119, https://doi.org/​10.1007/​s10393-​014-​0914-​2.

Carter, D., Link, P.T., Walther, P., Ramey, A.M., Stallknecht, 
D.E., and Poulson, R.L., 2018, Influenza A prevalence 
and subtype diversity in migrating teal sampled along the 
United States Gulf Coast: Avian Diseases, v. 63, no. sp1, 
p. 165–171, https://doi.org/​10.1637/​11850-​041918-​Reg.1.

Choi, C.-Y., Takekawa, J.Y., Xiong, Y., Liu, Y., Wikelski, 
M., Heine, G., Prosser, D.J., Newman, S.H., Edwards, J., 
Guo, F., and Xiao, X., 2016, Tracking domestic ducks—A 
novel approach for documenting poultry market chains 
in the context of avian influenza transmission: Journal 
of Integrative Agriculture, v. 15, no. 7, p. 1584–1594, 
https://doi.org/​10.1016/​S2095-​3119(15)61292-​8.

Cook, J.D., Grant, E.H., Ginsberg, H.S., Prosser, D.J., and 
Runge, M.C., 2025, Enhancing One Health outcomes using 
decision science and negotiation: Frontiers in Ecology and 
the Environment, v. 23, no. 4, 7 p.,  
https://doi.org/​10.1002/​fee.2827.

Cui, P., Hou, Y., Tang, M., Zhang, H., Zhou, Y., Zuohua, Y., 
Yin, Z., Li, T., Guo, S., Xing, Z., He, Y., Prosser, D.J., 
Newman, S.H., Takekawa, J.Y., Yan, B., and Lei, F., 2011, 
Movement patterns of Bar-headed Geese Anser indicus 
during breeding and post-breeding periods at Qinghai 
Lake, China: Journal of Ornithology, v. 152, p. 83–92, 
https://doi.org/​10.1007/​s10336-​010-​0552-​6.

Cross, P.C., Prosser, D.J., Ramey, A.M., Hanks, E.M., and 
Pepin, K.M., 2019, Confronting models with data—The 
challenges of estimating disease spillover: Philosophical 
Transactions of the Royal Society B—Biological Sciences, 
v. 374, no. 1782, 10 p.,  
https://doi.org/​10.1098/​rstb.2018.0435.

Densmore, C.L., Iwanowicz, D.D., McLaughlin, S.M., 
Ottinger, C.A., Spires, J.E., and Iwanowicz, L.R., 2019, 
Influenza A virus detected in native bivalves in waterfowl 
habitat of the Delmarva Peninsula, USA: Microorganisms, 
v. 7, no. 9, 7 p.,  
https://doi.org/​10.3390/​m​icroorgani​sms7090334.

Densmore, C.L., Iwanowicz, D.D., Ottinger, C.A., Hindman, 
L.J., Bessler, A., Iwanowicz, L.R., Prosser, D.J., Whitbeck, 
M., and Driscoll, C.P., 2017, Molecular detection of avian 
influenza virus from sediment samples in waterfowl habitats 
on the Delmarva Peninsula, United States: Avian Diseases, 
v. 61, no. 4, p. 520–525, https://doi.org/​10.1637/​11687-​
060917-​ResNote.1.

Dong-Hun, L., Justin, B., Mia Kim, T., Mary Lea, K., Ip, H.S., 
and David, E.S., 2016, Highly pathogenic avian influenza 
viruses and generation of novel reassortants, United States, 
2014–2015: Emerging Infectious Diseases, v. 22, no. 7, 
p. 1283–1285, https://doi.org/​10.3201/​eid2207.160048.

Dusek, R.J., Hallgrimsson, G.T., Ip, H.S., Jónsson, J.E., 
Sreevatsan, S., Nashold, S.W., TeSlaa, J.L., Enomoto, 
S., Halpin, R.A., Lin, X., Fedorova, N., Stockwell, T.B., 
Dugan, V.G., Wentworth, D.E., and Hall, J.S., 2014, 
North Atlantic migratory bird flyways provide routes for 
intercontinental movement of avian influenza viruses: PLoS 
One, v. 9, no. 3, 8 p.,  
https://doi.org/​10.1371/​journal.pone.0092075.

Ely, C.R., Hall, J.S., Schmutz, J.A., Pearce, J.M., Terenzi, J., 
Sedinger, J.S., and Ip, H.S., 2013, Evidence that life history 
characteristics of wild birds influence infection rates and 
exposure to influenza A viruses: PLoS One, v. 8, no. 3, 
https://doi.org/​10.1371/​journal.pone.0057614.

Falendysz, E., Calhoun, D.M., Smith, C.A., and Sleeman, 
J.M., 2020, Outside the box—Working with wildlife in 
biocontainment: ILAR Journal, v. 61, no. 1, p. 72–85, 
https://doi.org/​10.1093/​ilar/​ilab025.

Flint, P.L., 2007, Applying the scientific method when 
assessing the influence of migratory birds on the dispersal 
of H5N1: Virology Journal, v. 4, no. 132, 3 p.,  
https://doi.org/​10.1186/​1743-​422X-​4-​132.

Flint, P.L., Pearce, J.M., Franson, J.C., and Derksen, D.V., 
2015, Wild bird surveillance for highly pathogenic avian 
influenza H5 in North America: Virology Journal, v. 12, 
no. 151, 6 p., https://doi.org/​10.1186/​s12985-​015-​0377-​2.

https://doi.org/10.1016/j.ecolind.2014.04.027
https://doi.org/10.7589/0090-3558-46.3.896
https://doi.org/10.1007/s10393-014-0914-2
https://doi.org/10.1637/11850-041918-Reg.1
https://doi.org/10.1016/S2095-3119(15)61292-8
https://doi.org/10.1002/fee.2827
https://doi.org/10.1007/s10336-010-0552-6
https://doi.org/10.1098/rstb.2018.0435
https://doi.org/10.3390/microorganisms7090334
https://doi.org/10.1637/11687-060917-ResNote.1
https://doi.org/10.1637/11687-060917-ResNote.1
https://doi.org/10.3201/eid2207.160048
https://doi.org/10.1371/journal.pone.0092075
https://doi.org/10.1371/journal.pone.0057614
https://doi.org/10.1093/ilar/ilab025
https://doi.org/10.1186/1743-422X-4-132
https://doi.org/10.1186/s12985-015-0377-2


Appendix 2.  USGS Publications on Avian Influenza    15

Franklin, A.B., Bevins, S.N., Ellis, J.W., Miller, R.S., Shriner, 
S.A., Root, J.J., Walsh, D.P., and DeLiberto, T.J., 2019, 
Predicting the initial spread of novel Asian origin influenza 
A viruses in the continental USA by wild waterfowl: 
Transboundary and Emerging Diseases, v. 66, no. 2, 
p. 705–714, https://doi.org/​10.1111/​tbed.13070.

Gaidet, N., Cappelle, J., Takekawa, J.Y., Prosser, D.J., Iverson, 
S.A., Douglas, D.C., Perry, W.M., Mundkur, T., and 
Newman, S.H., 2010, Potential spread of highly pathogenic 
avian influenza H5N1 by wildfowl—Dispersal ranges 
and rates determined from large-scale satellite telemetry: 
Journal of Applied Ecology, v. 47, no. 5, p. 1147–1157, 
https://doi.org/​10.1111/​j.1365-​2664.2010.01845.x.

Gaidet, N., Newman, S.H., Hagemeijer, W., Dodman, T., 
Cappelle, J., Hammoumi, S., De Simone, L., and Takekawa, 
J.Y., 2008, Duck migration and past influenza A (H5N1) 
outbreak areas: Emerging Infectious Diseases, v. 14, no. 7, 
p. 1164–1166, https://doi.org/​10.3201/​eid1407.071477.

Gass, J.D., Jr., Dusek, R.J., Hall, J.S., Hallgrimsson, G.T., 
Halldórsson, H.P., Vignisson, S.R., Ragnarsdottir, S.B., 
Jónsson, J.E., Krauss, S., Wong, S.-S., Wan, X.-F., Akter, 
S., Sreevatsan, S., Trovão, N.S., Nutter, F.B., Runstadler, 
J.A., and Hill, N.J., 2023, Global dissemination of Influenza 
A virus is driven by wild bird migration through arctic 
and subarctic zones: Molecular Ecology, v. 32, no. 1, 
p. 198–213, https://doi.org/​10.1111/​mec.16738.

Gass, J.D., Dusek, R.J., Hill, N.J., Borkenhagen, L.K., Hall, 
J.S., Hallgrimsson, G.T., Bishop, M.A., Ramey, A.M., 
Spivey, T.J., Vignisson, S.R., and Ragnarsdottir, S.B., 2024, 
Sero-epidemiology of Highly Pathogenic Avian Influenza 
viruses among wild birds in subarctic intercontinental 
transition zones. Research Square.

Gilbert, M., Newman, S.H., Takekawa, J.Y., Loth, L., 
Biradar, C., Prosser, D.J., Balachandran, S., Rao, M.V.S., 
Mundkur, T., Yan, B., Xing, Z., Hou, Y., Batbayar, N., 
Tseveenmayadag, N., Hogerwerf, L., Slingenbergh, J., 
and Xiao, X., 2010, Flying over an infected landscape—
Distribution of highly pathogenic avian influenza H5N1 
risk in South Asia and satellite tracking of wild waterfowl: 
EcoHealth, v. 7, no. 4, p. 448–458,  
https://doi.org/​10.1007/​s10393-​010-​0672-​8.

Gilbert, M., Prosser, D.J., Zhang, G., Artois, J., Dhingra, M.S., 
Tildesley, M.J., Newman, S.H., Guo, F., Black, P., Claes, F., 
Kalpradvidh, W., Shin, Y., Jeong, W., Takekawa, J.Y., Lee, 
H., and Xiao, X., 2017, Could changes in the agricultural 
landscape of northeastern China have influenced the 
long-distance transmission of highly pathogenic avian 
influenza H5Nx viruses?: Frontiers in Veterinary Science, 
v. 4, p. 225, https://doi.org/​10.3389/​fvets.2017.00225.

Global Consortium for H5N8 and Related Influenza Viruses, 
2016, Role for migratory wild birds in the global spread 
of avian influenza H5N8: Science, v. 354, no. 6309, p. 
213–217, https://doi.org/​10.1126/​science.aaf8852.

Gonnerman, M.G., *, Leyson, C., Sullivan, J.D. +, 
Pantin-Jackwood, M.J., Spackman, E., Mullinax, J.M., 
and Prosser, D.J. 2024. A systematic review of laboratory 
investigations into the pathogenesis of avian influenza 
viruses in wild avifauna of North America: Proceedings of 
the Royal Society B,  
https://doi.org/​10.1098/​rspb.2024.1845.

Grear, D.A., Dusek, R.J., Walsh, D.P., and Hall, J.S., 2017, 
No evidence of infection or exposure to Highly Pathogenic 
Avian Influenzas in peridomestic wildlife on an affected 
poultry facility: Journal of Wildlife Diseases, v. 53, no. 1, 
p. 37–45, https://doi.org/​10.7589/​2016-​02-​029.

Grear, D.R., Hall, J.S., Dusek, R.J., and Ip, H.S., 
2018, Inferring epidemiologic dynamics from viral 
evolution—2014–2015 Eurasian/North American highly 
pathogenic avian influenza viruses exceed transmission 
threshold, R0 = 1, in wild birds and poultry in North 
America: Evolutionary Applications, v. 11, no. 4, 
p. 547–557, https://doi.org/​10.1111/​eva.12576.

Guan, M., Hall, J.S., Zhang, X., Dusek, R.J., Olivier, A.K., 
Liu, L., Li, L., Krauss, S., Danner, A., Li, T., Rutvisuttinunt, 
W., Lin, X., Hallgrimsson, G.T., Ragnarsdottir, S.B., 
Vignisson, S.R., TeSlaa, J., Nashold, S., Jarman, R., and 
Wan, X.-F., 2019, Aerosol transmission of gull-origin 
Iceland subtype H10N7 influenza A virus in ferrets: Journal 
of Virology, v. 93, no. 13,  
https://doi.org/​10.1128/​JVI.00282-​19.

Hall, J.S., Dusek, R.J., Nashold, S., TeSlaa, J.L., Allen, B.R., 
and Grear, D.A., 2019, Avian influenza virus prevalence 
in marine birds is dependent on ocean temperatures: 
Ecological Applications, v. 30, no. 2,  
https://doi.org/​10.1002/​eap.2040.

Hall, J.S., Dusek, R.J., and Spackman, E., 2015, Rapidly 
expanding range of highly pathogenic avian influenza 
viruses: Emerging Infectious Diseases, v. 21, no. 7, 
p. 1251–1252, https://doi.org/​10.3201/​eid2107.150403.

Hall, J.S., Franson, J.C., Gill, R.E., Jr., Meteyer, C.U., TeSlaa, 
J.L., Nashold, S.W., Dusek, R.J., and Ip, H.S., 2011, 
Experimental challenge and pathology of highly pathogenic 
avian influenza virus H5N1 in dunlin (Calidris alpina), 
an intercontinental migrant shorebird species: Influenza 
and Other Respiratory Viruses, v. 5, no. 5, p. 365–372, 
https://doi.org/​10.1111/​j.1750-​2659.2011.00238.x.

https://doi.org/10.1111/tbed.13070
https://doi.org/10.1111/j.1365-2664.2010.01845.x
https://doi.org/10.3201/eid1407.071477
https://doi.org/10.1111/mec.16738
https://doi.org/10.1007/s10393-010-0672-8
https://doi.org/10.3389/fvets.2017.00225
https://doi.org/10.1126/science.aaf8852
https://doi.org/10.1098/rspb.2024.1845.
https://doi.org/10.7589/2016-02-029
https://doi.org/10.1111/eva.12576
https://doi.org/10.1128/JVI.00282-19
https://doi.org/10.1002/eap.2040
https://doi.org/10.3201/eid2107.150403
https://doi.org/10.1111/j.1750-2659.2011.00238.x


16    Science Strategy to Address HPAI and Its Effects on Wildlife Health 2025–29

Hall, J.S., Grear, D.A., Krauss, S., Seiler, P., Dusek, R.J., 
Nashold, S., and Webster, R.G., 2021, Highly pathogenic 
avian influenza virus H5N2 (Clade 2.3.4.4) challenge of 
mallards age appropriate to the 2015 midwestern poultry 
outbreak: Influenza and Other Respiratory Viruses, v. 15, 
no. 6, p. 767–777, https://doi.org/​10.1111/​irv.12886.

Hall, J.S., Hallgrimsson, G.T., Suwannanarn, K., Sreevatsen, 
S., Ip, H.S., Mangusdottir, E., TeSlaa, J.L., Nashold, S.W., 
and Dusek, R.J., 2014, Avian influenza virus ecology in 
Iceland shorebirds—Intercontinental reassortment and 
movement: Infection, Genetics and Evolution, v. 28, 
p. 130–136, https://doi.org/​10.1016/​j.meegid.2014.09.013.

Hall, J.S., Ip, H.S., Franson, J.C., Meteyer, C., Nashold, S., 
TeSlaa, J.L., French, J., Redig, P., and Brand, C., 2009, 
Experimental infection of a North American raptor, 
American kestrel (Falco sparverius), with highly pathogenic 
avian influenza virus (H5N1): PLoS One, v. 4, no. 10, 6 p., 
https://doi.org/​10.1371/​journal.pone.0007555.

Hall, J.S., Ip, H.S., Teslaa, J.L., Nashold, S.W., and Dusek, 
R.J., 2016, Experimental challenge of a peridomestic avian 
species, European Starlings (Sturnus vulgaris), with novel 
Influenza A H7N9 virus from China: Journal of Wildlife 
Diseases, v. 52, no. 3, p. 709–712,  
https://doi.org/​10.7589/​2016-​02-​033.

Hall, J.S., Krauss, S., Franson, J.C., TeSlaa, J.L., Nashold, 
S.W., Stallknecht, D.E., Webby, R.J., and Webster, R.G., 
2013, Avian influenza in shorebirds—Experimental 
infection of ruddy turnstones (Arenaria interpres) with avian 
influenza virus: Influenza and Other Respiratory Viruses, 
v. 7, no. 1, p. 85–92,  
https://doi.org/​10.1111/​j.1750-​2659.2012.00358.x.

Hall, J.S., Russell, R.E., Franson, J.C., Soos, C., Dusek, R.J., 
Allen, R.B., Nashold, S.W., Teslaa, J.L., Jónsson, J.E., 
Ballard, J.R., Harms, N.J., and Brown, J.D., 2015, Avian 
influenza ecology in North Atlantic sea ducks—Not all 
ducks are created equal: PLoS One, v. 10, no. 12, 16 p., 
https://doi.org/​10.1371/​journal.pone.0144524.

Hall, J.S., TeSlaa, J.L., Nashold, S.W., Halpin, R.A., 
Stockwell, T., Wentworth, D.E., Dugan, V., and Ip, H.S., 
2013, Evolution of a reassortant North American gull 
influenza virus lineage—Drift, shift and stability: Virology 
Journal, v. 10, no. 179, 9 p.,  
https://doi.org/​10.1186/​1743-​422X-​10-​179.

Harris, M.C., Miles, A.K., Pearce, J.M., Prosser, D.J., 
Sleeman, J.M., and Whalen, M.E., 2015, USGS 
highly pathogenic avian influenza research strategy: 
U.S. Geological Survey Fact Sheet 2015–3060, 4 p., 
https://doi.org/​10.3133/​fs20153060.

Harris, M.C., Pearce, J.M., Prosser, D.J., White, C.L., Miles, 
A.K., Sleeman, J.M., Brand, C.J., Cronin, J.P., De La Cruz, 
S., Densmore, C.L., Doyle, T.W., Dusek, R.J., Fleskes, 
J.P., Flint, P.L., Guala, G.F., Hall, J.S., Hubbard, L.E., 
Hunt, R.J., Ip, H.S., Katz, R.A., Laurent, K.W., Miller, 
M.P., Munn, M.D., Ramey, A.M., Richards, K.D., Russell, 
R.E., Stokdyk, J.P., Takekawa, J.Y., and Walsh, D.P., 
2016, U.S. Geological Survey science strategy for highly 
pathogenic avian influenza in wildlife and the environment 
(2016–2020): U.S. Geological Survey Open-File Report 
2016–1121, https://doi.org/​10.3133/​ofr20161121.

Harvey, J.A., Mullinax, J.M., Runge, M.C., and Prosser, D.J., 
2023, The changing dynamics of highly pathogenic avian 
influenza H5N1—Next steps for management & science 
in North America: Biological Conservation, v. 282, 11 p., 
https://doi.org/​10.1016/​j.biocon.2023.110041.

Harvey, J.A., Sullivan, J.D., Poulson, R.L., Carter, D.L., 
Driscoll, C.P., McGowan, P.C., Callahan, C.R., O’Donnell, 
A.W., Mullinax, J.M., Stallknecht, D.E., and Prosser, 
D.J., 2025, Highly pathogenic H5N1 in Double-crested 
Cormorants (Nannopterum auritum) of the Chesapeake Bay, 
USA: Journal of Wildlife Diseases,  
https://doi.org/​10.7589/​jwd-​d-​24-​00111.

Henaux, V., Parmley, J., Soos, C., and Samuel, M.D., 
2013, Estimating transmission of avian influenza in wild 
birds from incomplete epizootic data—Implications 
for surveillance and disease spread: Journal of Applied 
Ecology, v. 50, no. 1, p. 223–231,  
https://doi.org/​10.1111/​1365-​2664.12031.

Hénaux, V., Samuel, M.D., and Bunck, C.M., 2010, 
Model-based evaluation of highly and low pathogenic avian 
influenza dynamics in wild birds: PLoS One, v. 5, no. 6, 7 
p., https://doi.org/​10.1371/​journal.pone.0010997.

Hénaux, V., Samuel, M.D., Dusek, R.J., Fleskes, J.P., and Ip, 
H.S., 2012, Presence of avian influenza viruses in waterfowl 
and wetlands during summer 2010 in California—Are 
resident birds a potential reservoir?: PLoS One, v. 7, no. 2, 6 
p., https://doi.org/​10.1371/​journal.pone.0031471.

Hill, E., House, T., Dhingra, M.S., Kalpravidh, W., Morzaria, 
S., Osmani, M.G., Brum, E., Yamage, M., Kalam, M.A., 
Prosser, D.J., Takekawa, J.Y., Xiao, X., Gilbert, M., and 
Tildesley, M.J., 2018, The impact of surveillance and 
control on highly pathogenic avian influenza outbreaks 
in poultry in Dhaka division, Bangladesh: PLoS 
Computational Biology, v. 14, no. 9, 27 p.,  
https://doi.org/​10.1371/​journal.pcbi.1006439.

https://doi.org/10.1111/irv.12886
https://doi.org/10.1016/j.meegid.2014.09.013
https://doi.org/10.1371/journal.pone.0007555
https://doi.org/10.7589/2016-02-033
https://doi.org/10.1111/j.1750-2659.2012.00358.x
https://doi.org/10.1371/journal.pone.0144524
https://doi.org/10.1186/1743-422X-10-179
https://doi.org/10.3133/fs20153060
https://doi.org/10.3133/ofr20161121
https://doi.org/10.1016/j.biocon.2023.110041
https://doi.org/10.7589/jwd-d-24-00111
https://doi.org/10.1111/1365-2664.12031
https://doi.org/10.1371/journal.pone.0010997
https://doi.org/10.1371/journal.pone.0031471
https://doi.org/10.1371/journal.pcbi.1006439


Appendix 2.  USGS Publications on Avian Influenza    17

Hill, N.J., Bishop, M.A., Trovao, N.S., Ineson, K., Schaefer, 
A., Puryear, W.B., Zhou, K., Foss, A., Clark, D., 
MacKenzie, K., Glass, J.D., Jr., Borkenhagen, L., Hall, J.S., 
and Runstadler, J.A., 2022, Ecological divergence of wild 
birds drives avian influenza spillover and global spread: 
PLoS Pathogens, v. 18, no. 5, 25 p.,  
https://doi.org/​10.1371/​journal.ppat.1010062.

Hill, N.J., Hussein, I.T.M., Davis, K.R., Ma, E.J., Spivey, 
T.J., Ramey, A.M., Puryear, W.B., Das, S.R., Halpin, R.A., 
Lin, X., Fedorova, N.B., Suarez, D.L., Boyce, W.M., and 
Runstadler, J.A., 2017, Reassortment of influenza A viruses 
in wild birds in Alaska before H5 clade 2.3.4.4 outbreaks: 
Emerging Infectious Diseases, v. 23, no. 4, p. 654–657, 
https://doi.org/​10.3201/​eid2304.161668.

Hill, N.J., Ma, E.J., Meixell, B.W., Lindberg, M.S., Boyce, 
W.M., and Runstadler, J.A., 2016, Transmission of influenza 
reflects seasonality of wild birds across the annual cycle: 
Ecology Letters, v. 19, no. 8, p. 915–925,  
https://doi.org/​10.1111/​ele.12629.

Hill, N.J., Smith, L.M., Muzaffar, S.B., Nagel, J.L., Prosser, 
D., Sullivan, J.D., Spragens, K.A., DeMattos, C.A., 
Demattos, C.C., El Sayed, L., Erciyas-Yavuz, K., Davis, 
C.T., Jones, J., Kis, Z., Donis, R.O., Newman, S.H., and 
Takekawa, J.Y., 2021, Crossroads of highly pathogenic 
H5N1—Overlap between wild and domestic birds in the 
Black Sea-Mediterranean impacts global transmission: 
Virus Evolution, v. 7, no. 1, 12 p.,  
https://doi.org/​10.1093/​ve/​veaa093.

Hill, N.J., Takekawa, J.Y., Ackerman, J.T., Hobson, K.A., 
Herring, G., Hobson, K., Cardona, C.J., Runstadler, J., 
and Boyce, W.M., 2012, Migration strategy affects avian 
influenza dynamics in mallards (Anas platyrhynchos): 
Molecular Ecology, v. 21, no. 24, p. 5986–5999, 
https://doi.org/​10.1111/​j.1365-​294X.2012.05735.x.

Hill, N.J., Takekawa, J.Y., Cardona, C.J., Meixell, B.W., 
Ackerman, J.T., Runstadler, J.A., and Boyce, W.M., 2012, 
Cross-seasonal patterns of avian influenza virus in breeding 
and wintering migratory birds—A flyway perspective: 
Vector Borne and Zoonotic Diseases (Larchmont, N.Y.), 
v. 12, no. 3, p. 243–253,  
https://doi.org/​10.1089/​vbz.2010.0246.

Hogerwerf, L., Wallace, R.G., Ottaviani, D., Slingenbergh, 
J., Prosser, D.J., Bergmann, L., and Gilbert, M., 2010, 
Persistence of highly pathogenic avian influenza H5N1 
virus defined by agro-ecological niche: EcoHealth, v. 7, 
no. 2, p. 213–225,  
https://doi.org/​10.1007/​s10393-​010-​0324-​z.

Hopkins, M.C., Haddock, G., Mason, J.R., and Ramey, A.M., 
2022, Proceedings of the Highly Pathogenic Avian Influenza 
and Wild Birds Webinar Series, August 2–5, 2021: U.S. 
Geological Survey Open-File Report 2022–1066, 23 p., 
https://doi.org/​10.3133/​ofr20221066.

Huang, H., Poulson, R.L., Sullivan, J.D., De La Cruz, S., 
Stallknecht, D.E., and Prosser, D.J., 2024, Antibodies to 
influenza A virus in Lesser (Aythya affinis) and Greater 
Scaup (Aythya marilia) in the United States: Journal of 
Wildlife Diseases, v. 60, no. 4, p. 940–949,  
https://doi.org/​10.7589/​JWD-​D-​24-​00021.

Hubbard, L.E., Givens, C.E., Stelzer, E., Killian, M.L., 
Kolpin, D.W., Szablewski, C.M., and Poulson, R.L., 2023, 
Environmental surveillance and detection of infectious 
highly pathogenic avian influenza virus in Iowa wetlands: 
Environmental Science & Technology Letters, v. 10, no. 12, 
p. 1181–1187, https://doi.org/​10.1021/​acs.estlett.3c00668.

Hubbard, L.E., Kolpin, D.W., Fields, C.L., Hladik, M.L., 
and Iwanowicz, L.R., 2017, Highlighting the complexities 
of a groundwater pilot study during an avian influenza 
outbreak—Methods, lessons learned, and select contaminant 
results: Environmental Research, v. 158, p. 212–224, 
https://doi.org/​10.1016/​j.envres.2017.06.010.

Hubbard, L.E., Stelzer, E.A., Poulson, R.L., Kolpin, D.W., 
Szablewski, C.M., and Givens, C.E., 2024, Development 
of a Large-Volume Concentration Method to Recover 
Infectious Avian Influenza Virus from the Aquatic 
Environment: Viruses, v. 16, no. 12, 14 p.,  
https://doi.org/​10.3390/​v16121898.

Humphreys, J.M., Douglas, D.C., Ramey, A.M., Mullinax, 
J.M., Soos, C., Link, P.T., Walther, P., and Prosser, D., 2021, 
The spatial-temporal relationship of blue-winged teal to 
domestic poultry—Movement state modeling of a highly 
mobile avian influenza host: Journal of Applied Ecology, 
v. 58, no. 10, p. 2040–2052,  
https://doi.org/​10.1111/​1365-​2664.13963.

Humphreys, J.M., Ramey, A., Douglas, D.C., Mullinax, J.M., 
Soos, C., Link, P.T., Walther, P., and Prosser, D.J., 2020, 
Waterfowl occurrence and residence time as indicators of 
H5 and H7 avian influenza in North American Poultry: 
Scientific Reports, v. 10, no. 1, 16 p.,  
https://doi.org/​10.1038/​s41598-​020-​59077-​1.

Hussein, I.T.M., Ma, E.J., Hill, N.J., Meixell, B.W., Lindberg, 
M.S., Albrecht, R.A., Bahl, J., and Runstadler, J.A., 2016, 
A point mutation in the polymerase protein PB2 allows a 
reassortant H9N2 influenza isolate of wild-bird origin to 
replicate in human cells: Infection, Genetics and Evolution, 
v. 41, p. 279–288,  
https://doi.org/​10.1016/​j.meegid.2016.04.011.

https://doi.org/10.1371/journal.ppat.1010062
https://doi.org/10.3201/eid2304.161668
https://doi.org/10.1111/ele.12629
https://doi.org/10.1093/ve/veaa093
https://doi.org/10.1111/j.1365-294X.2012.05735.x
https://doi.org/10.1089/vbz.2010.0246
https://doi.org/10.1007/s10393-010-0324-z
https://doi.org/10.3133/ofr20221066
https://doi.org/10.7589/JWD-D-24-00021
https://doi.org/10.1021/acs.estlett.3c00668
https://doi.org/10.1016/j.envres.2017.06.010
https://doi.org/10.3390/v16121898
https://doi.org/10.1111/1365-2664.13963
https://doi.org/10.1038/s41598-020-59077-1
https://doi.org/10.1016/j.meegid.2016.04.011


18    Science Strategy to Address HPAI and Its Effects on Wildlife Health 2025–29

Hwang, J., Lee, K., Kim, Y.-J., Sleeman, J.M., and Lee, 
H., 2017, Retrospective analysis of the epidemiologic 
literature, 1990–2015, on wildlife-associated diseases from 
the Republic of Korea: Journal of Wildlife Diseases, v. 53, 
no. 1, p. 5–18, https://doi.org/​10.7589/​2015-​12-​348.

Ip, H.S., Dusek, R.J., Bodenstein, B.L., Torchetti, M.K., 
DeBruyn, P., Mansfield, K.G., DeLiberto, T.J., and Sleeman, 
J.M., 2016, High rates of detection of Clade 2.3.4.4 Highly 
Pathogenic Avian Influenza H5 viruses in wild birds in the 
Pacific Northwest during the winter of 2014–2015: Avian 
Diseases, v. 60, 1s, p. 354–358,  
https://doi.org/​10.1637/​11137-​050815-​Reg.

Ip, H.S., Dusek, R.J., and Heisey, D.M., 2012, The effect of 
swab sample choice on the detection of avian influenza in 
apparently healthy wild ducks: Avian Diseases, v. 56, no. 1, 
p. 114–119, https://doi.org/​10.1637/​9832-​061311-​Reg.1.

Ip, H.S., Torchetti, M.K., Crespo, R., Kohrs, P., DeBruyn, P., 
Mansfield, K.G., Baszler, T., Badcoe, L., Bodenstein, B., 
Shearn-Bochsler, V., Killian, M.L., Pedersen, J.C., Hines, 
N., Gidlewski, T., DeLiberto, T., and Sleeman, J.M., 2015, 
Novel Eurasian highly pathogenic avian influenza A H5 
viruses in wild birds, Washington, USA, 2014: Emerging 
Infectious Diseases, v. 21, no. 5, p. 886–890,  
https://doi.org/​10.3201/​eid2105.142020.

Ip, H.S., Uhm, S., Killian, M.L., and Torchetti, M.K., 2023, 
A comparison of avian influenza virus whole genome 
sequencing approaches using nanopore  
technology: Microorganisms.

Iverson, S.A., Gavrilov, A., Katzner, T.E., Takekawa, 
J.Y., Miller, T.A., Hagemeijer, W., Mundkur, T., 
Sivananinthaperumal, B., DeMattos, C.C., Ahmed, L.S., and 
Newman, S.H., 2011, Migratory movements of waterfowl 
in Central Asia and avian influenza emergence—Sporadic 
transmission of H5N1 from east to west: The Ibis, v. 153, 
no. 2, p. 279–292,  
https://doi.org/​10.1111/​j.1474-​919X.2010.01095.x.

Iverson, S.A., Takekawa, J.Y., Schwarzbach, S., Cardona, 
C.J., Warnock, N., Bishop, M.A., Schirato, G.A., Paroulek, 
S., Ackerman, J.T., Ip, H.S., and Boyce, W.M., 2008, 
Low prevalence of avian influenza virus in shorebirds 
on the Pacific coast of North America: Waterbirds, v. 31, 
p. 602–610.

Jennelle, C.S., Carstensen, M., Hildebrand, E.C., Cornicelli, 
L., Wolf, P.C., Grear, D.A., Ip, H.S., VanDalen, K.K., and 
Minicucci, L.A., 2016, Surveillance for highly pathogenic 
avian influenza virus in wild birds during outbreaks in 
domestic poultry, Minnesota, 2015: Emerging Infectious 
Diseases, v. 22, no. 7, p. 1278–1282,  
https://doi.org/​10.3201/​eid2207.152032.

Jeong, J., Woo, C., Ip, H.S., An, I., Kim, Y., Lee, K., Jo, S.-D., 
Son, K., Lee, S., Oem, J.-K., Wang, S.-J., Kim, Y., Shin, 
J., Sleeman, J.M., and Jheong, W., 2017, Identification of 
two novel reassortant avian influenza a (H5N6) viruses in 
whooper swans in Korea, 2016: Virology Journal, v. 14, 
no. 1, 4 p., https://doi.org/​10.1186/​s12985-​017-​0731-​7.

Johnson, J.A., DeCicco, L.H., Ruthrauff, D.R., Krauss, S., and 
Hall, J.S., 2014, Avian influenza virus antibodies in Pacific 
Coast Red Knots (Calidris canutus rufa): Journal of Wildlife 
Diseases, v. 50, no. 3, p. 671–675,  
https://doi.org/​10.7589/​2013-​04-​016.

Karlsson, E.A., Ip, H.S., Hall, J.S., Yoon, S.W., Johnson, J., 
Beck, M.A., Webby, R.J., and Schultz-Cherry, S., 2014, 
Respiratory transmission of an avian H3N8 influenza virus 
isolated from a harbour seal: Nature Communications, v. 5, 
7 p., https://doi.org/​10.1038/​ncomms5791.

Kent, C.M., Bevins, S.N., Mullinax, J.M., Sullivan, J.D., and 
Prosser, D., 2023, Waterfowl show spatiotemporal trends 
in influenza A H5 and H7 infections but limited taxonomic 
variation: Ecological Applications, v. 33, no. 7, 11 p., 
https://doi.org/​10.1002/​eap.2906.

Kent, C.M., Ramey, A.M., Ackerman, J.T., Bahl, J., Bevins, 
S.N., Bowman, A.S., Boyce, W., Cardona, C., Casazza, 
M.L., Cline, T.D., De La Cruz, S.E.W., Hall, J.S., Hill, 
N.J., Ip, H.S., Krauss, S., Mullinax, J.M., Nolting, J.M., 
Plancarte, M., Poulson, R.L., Runstadler, J.A., Slemons, 
R.D., Stallknecht, D.E., Sullivan, J.D., Takekawa, J.Y., 
Webby, R.J., Webster, R.G., and Prosser, D.J., 2022, 
Spatiotemporal changes in influenza A virus prevalence 
among wild waterfowl inhabiting the continental United 
States throughout the annual cycle: Scientific Reports, 
https://doi.org/​10.1038/​s41598-​022-​17396-​5.

Lam, T.T.-Y., Ip, H.S., Ghedin, E., Wentworth, D.E., Halpin, 
R.A., Stockwell, T.B., Spiro, D.J., Dusek, R.J., Bortner, 
J.B., Hoskins, J., Bales, B.D., Yparraguirre, D.R., and 
Holmes, E.C., 2012, Migratory flyway and geographical 
distance are barriers to the gene flow of influenza virus 
among North American birds: Ecology Letters, v. 15, no. 1, 
p. 24–33, https://doi.org/​10.1111/​j.1461-​0248.2011.01703.x.

Lang, A.S., Lebarbenchon, C., Ramey, A.M., Robertson, G.J., 
Waldenström, J., and Wille, M., 2016, Assessing the role 
of seabirds in the ecology of influenza A viruses: Avian 
Diseases, v. 60, 1s, p. 378–386,  
https://doi.org/​10.1637/​11135-​050815-​RegR.

Latorre-Margalef, N., Ramey, A.M., Fojtik, A., and 
Stallknecht, D.E., 2015, Serologic evidence of influenza 
A (H14) virus introduction into North America: Emerging 
Infectious Diseases, v. 21, no. 12, p. 2257–2259, 
https://doi.org/​10.3201/​eid2112.150413.

https://doi.org/10.7589/2015-12-348
https://doi.org/10.1637/11137-050815-Reg
https://doi.org/10.1637/9832-061311-Reg.1
https://doi.org/10.3201/eid2105.142020
https://doi.org/10.1111/j.1474-919X.2010.01095.x
https://doi.org/10.3201/eid2207.152032
https://doi.org/10.1186/s12985-017-0731-7
https://doi.org/10.7589/2013-04-016
https://doi.org/10.1038/ncomms5791
https://doi.org/10.1002/eap.2906
https://doi.org/10.1038/s41598-022-17396-5
https://doi.org/10.1111/j.1461-0248.2011.01703.x
https://doi.org/10.1637/11135-050815-RegR
https://doi.org/10.3201/eid2112.150413


Appendix 2.  USGS Publications on Avian Influenza    19

Lebarbenchon, C., Pedersen, J.C., Sreevatsan, S., Ramey, 
A.M., Dugan, V.G., Halpin, R.A., Ferro, P.A., Lupiani, 
B., Enomoto, S., Poulson, R.L., Smeltzer, M., Cardona, 
C.J., Tompkins, S., Wentworth, D.E., Stallknecht, D.E., 
and Brown, J., 2015, H7N9 influenza A virus in turkeys in 
Minnesota: The Journal of General Virology, v. 96, no. 2, 
p. 269–276, https://doi.org/​10.1099/​vir.0.067504-​0.

Li, L., Bowman, A.S., DeLiberto, T.J., Killian, M.L., Krauss, 
S., Nolting, J.M., Torchetti, M.K., Ramey, A.M., Reeves, 
A.B., Stallknecht, D.E., Webby, R.J., and Wan, X.-F., 
2018, Genetic evidence supports sporadic and independent 
introductions of subtype H5 low pathogenic avian 
influenza A viruses from wild birds to domestic poultry in 
North America: Journal of Virology, v. 92, no. 19, 16 p, 
https://doi.org/​10.1128/​JVI.00913-​18.

Li, Z.-N., Ip, H.S., Trost, J.F., White, C.L., Murray, M.J., 
Carney, P.J., Sun, X.-J., Stevens, J., Levine, M.Z., and Katz, 
J.M., 2014, Serologic evidence of influenza A(H1N1)pdm09 
virus in northern sea otters: Emerging Infectious Diseases, 
v. 20, no. 5, p. 915–917,  
https://doi.org/​10.3201/​eid2005.131890.

Luczo, J.M., Prosser, D., Pantin-Jackwood, M.J., Berlin, 
A., and Spackman, E., 2020, The pathogenesis of a 
North American H5N2 clade 2.3.4.4 group A highly 
pathogenic avian influenza virus in surf scoters (Melanitta 
perspicillata): BMC Veterinary Research, v. 16, no. 351, 10 
p., https://doi.org/​10.1186/​s12917-​020-​02579-​x.

Lycett, S., Pohlmann, A., Staubach, C., Caliendo, V., 
Woolhouse, M., Beer, M., Kuiken, T., and Global 
Consortium for H5N8 and Related Influenza Viruses, 
2020, Genesis and spread of multiple reassortants during 
the 2016/2017 H5 avian influenza epidemic in Eurasia: 
Proceedings of the National Academy of Sciences of the 
United States of America, v. 117, no. 34, p. 20814–20825, 
https://doi.org/​10.1073/​pnas.2001813117.

Manlove, K.R., Sampson, L.M., Borremans, B., Cassirer, E.F., 
Miller, R.S., Pepin, K., Besser, T.E., and Cross, P., 2019, 
Epidemic growth rates and host movement patterns shape 
management performance for pathogen spillover at the 
wildlife-livestock interface: Philosophical Transactions—
Royal Society. Mathematical, Physical, and Engineering 
Sciences, v. 374, no. 1782,  
https://doi.org/​10.1098/​rstb.2018.0343.

Martin, V., Pfeiffer, D.U., Zhou, X., Xiao, X., Prosser, D.J., 
Guo, F., and Gilbert, M., 2011, Spatial distribution and risk 
factors of highly pathogenic avian influenza (HPAI) H5N1 
in China: PLoS Pathogens, v. 7, no. 3, 11 p.,  
https://doi.org/​10.1371/​journal.ppat.1001308.

McDuie, F., Matchett, E.L., Prosser, D., Takekawa, J.Y., 
Pitesky, M.E., Lorenz, A., McCuen, M.M., Overton, C.T., 
Ackerman, J.T., De La Cruz, S.E.W., and Casazza, M.L., 
2022, Pathways for avian influenza virus spread—GPS 
reveals wild waterfowl in commercial livestock facilities 
and connectivity with the natural wetland landscape: 
Transboundary and Emerging Diseases, v. 69, no. 5, 
p. 2898–2912, https://doi.org/​10.1111/​tbed.14445.

McDuie, F., Overton, C.T., Lorenz, A.A., Matchett, E.L., 
Mott, A.L., Mackell, D.A., Ackerman, J.T., De La Cruz, 
S.E., Patil, V.P., Prosser, D.J., and Takekawa, J.Y., 2024, 
Orthmeyer, D.L., Pitesky, M.E., Díaz-Muñoz, S.L., Riggs, 
B.M., Gendreau, J., Reed, E.T., Petrie, M.J., Williams, C.K., 
Buler, J.J., Hardy, M.J., Ladman, B.S., Legagneux, P., Bêty, 
J., Thomas, P.J., Rodrigue, J., Lefebvre, J., and Casazza, 
M.L., 2024, Mitigating Risk—Predicting H5N1 avian 
influenza spread with an empirical model of bird movement: 
Transboundary and Emerging Diseases, v. 2024, no. 1, 15 
p., https://doi.org/​10.1155/​2024/​5525298.

McEachran, M.C., Harvey, J.A., Mummah, R.O., Bletz, M.C., 
Teitelbaum, C.S., Rosenblatt, E., Rudolph, F.J., Arce, 
F., Yin, S., Prosser, D.J., Mosher, B.A., Mullinax, J.M., 
DiRenzo, G.V., Couret, J., Runge, M.C., Grant, E.H.C., and 
Cook, J.D., 2024, Reframing wildlife disease management 
problems with decision analysis: Conservation Biology, 
v. 38, no. 4, 11 p., https://doi.org/​10.1111/​cobi.14284.

Meixell, B.W., Arnold, T.W., Lindberg, M.S., Smith, M.M., 
Runstadler, J.A., and Ramey, A.M., 2016, Detection, 
prevalence, and transmission of avian hematozoa in 
waterfowl at the Arctic/sub-Arctic interface—Co-infections, 
viral interactions, and sources of variation: Parasites & 
Vectors, v. 9, no. 390, 18 p.,  
https://doi.org/​10.1186/​s13071-​016-​1666-​3.

Millen, H.T., Gonnering, J.C., Berg, R.K., Spencer, S.K., 
Jokela, W.E., Pearce, J.M., Borchardt, J.S., and Borchardt, 
M.A., 2012, Glass wool filters for concentrating waterborne 
viruses and agricultural zoonotic pathogens: Journal of 
Visualized Experiments, v. 61,  
https://doi.org/​10.3791/​3930.

Miller, M.P., Haig, S.M., Mullins, T.D., Ruan, L., Casler, 
B., Dondua, A., Gates, H.R., Johnson, J.M., Kendall, S.J., 
Tomkovich, P.S., Tracy, D., Valchuk, O.P., and Lanctot, 
R.B., 2015, Intercontinental genetic structure and gene 
flow in Dunlin (Calidris alpina), a potential vector of 
avian influenza: Evolutionary Applications, v. 8, no. 2, 
p. 149–171, https://doi.org/​10.1111/​eva.12239.

Moser, M.T., 2014, Microbial water quality during the 
northern migration of Sandhill Cranes (Grus canadensis) at 
the central Platte River, Nebraska: U.S. Geological Survey 
Fact Sheet 2014–3094, 4 p.,  
https://doi.org/​10.3133/​fs20143094.

https://doi.org/10.1099/vir.0.067504-0
https://doi.org/10.1128/JVI.00913-18
https://doi.org/10.3201/eid2005.131890
https://doi.org/10.1186/s12917-020-02579-x
https://doi.org/10.1073/pnas.2001813117
https://doi.org/10.1098/rstb.2018.0343
https://doi.org/10.1371/journal.ppat.1001308
https://doi.org/10.1111/tbed.14445
https://doi.org/10.1155/2024/5525298
https://doi.org/10.1111/cobi.14284
ttps://doi.org/10.1186/s13071-016-1666-3
https://doi.org/10.3791/3930
https://doi.org/10.1111/eva.12239
https://doi.org/10.3133/fs20143094


20    Science Strategy to Address HPAI and Its Effects on Wildlife Health 2025–29

Muzaffar, S.B., Hill, N.J., Takekawa, J.Y., Perry, W.M., Smith, 
L.M., and Boyce, W.M., 2012, Role of bird movements in 
the epidemiology of West Nile and avian influenza virus: 
Human-Wildlife Interactions, v. 6, p. 72–88.

Muzaffar, S.B., Takekawa, J.Y., Prosser, D.J., Newman, 
S.H., and Xiao, X., 2010, Rice production systems and 
avian influenza—Interactions between mixed-farming 
systems, poultry and wild birds: Waterbirds, v. 33, no. sp1, 
p. 219–230, https://doi.org/​10.1675/​063.033.s116.

Nallar, R., Papp, Z., Epp, T., Leighton, F.A., Swafford, S.R., 
DeLiberto, T.J., Dusek, R.J., Ip, H.S., Hall, J.S., Berhane, 
Y., Gibbs, S.E.J., and Soos, C., 2015, Demographic and 
spatiotemporal patterns of avian influenza infection 
at the continental scale, and in relation to annual life 
cycle of a migratory host: PLoS One, v. 10, no. 6, 14 p., 
https://doi.org/​10.1371/​journal.pone.0130662.

Newman, S.H., Hill, N.J., Spragens, K.A., Janies, D., 
Voronkin, I.O., Prosser, D.J., Yan, B., Lei, F., Batbayar, 
N., Natsagdorj, T., Bishop, C.M., Butler, P.J., Wikelski, 
M., Balachandran, S., Mundkur, T., Douglas, D.C., and 
Takekawa, J.Y., 2012, Eco-virological approach for 
assessing the role of wild birds in the spread of avian 
influenza H5N1 along the central Asian flyway: PLoS One, 
v. 7, no. 2, 12 p.,  
https://doi.org/​10.1371/​journal.pone.0030636.

Newman, S.H., Iverson, S.A., Takekawa, J.Y., Gilbert, M., 
Prosser, D.J., Batbayar, N., Natsagdorj, T., and Douglas, 
D.C., 2009, Migration of whooper swans and outbreaks of 
highly pathogenic avian influenza H5N1 virus in eastern 
Asia: PLoS One, v. 4, no. 5, 11 p.,  
https://doi.org/​10.1371/​journal.pone.0005729.

Olson, S.H., Parmley, J., Soos, C., Gilbert, M., 
Latorre-Margalef, N., Hall, J.S., Hansbro, P.M., Leighton, 
F., Munster, V., and Joly, D., 2014, Sampling strategies and 
biodiversity of influenza A subtypes in wild birds: PLoS 
One, v. 9, no. 3, 10 p.,  
https://doi.org/​10.1371/​journal.pone.0090826.

Ottinger, C.A., Iwanowicz, D.D., Iwanowicz, L.R., Adams, 
C.R., Sanders, L.R., and Densmore, C.L., 2018, A method 
for determining avian influenza virus hemagglutinin and 
neuraminidase subtype association: U.S. Geological Survey 
Open-File Report 2018–1102, 26 p.,  
https://doi.org/​10.3133/​ofr20181102.

Pearce, J.M., Ramey, A.M., Flint, P.L., Koehler, A.V., 
Fleskes, J.P., Franson, J.C., Hall, J.S., Derksen, D.V., and 
Ip, H.S., 2009, Avian influenza at both ends of a migratory 
flyway—Characterizing viral genomic diversity to optimize 
surveillance plans for North America: Evolutionary 
Applications, v. 2, no. 4, p. 457–468,  
https://doi.org/​10.1111/​j.1752-​4571.2009.00071.x.

Pearce, J.M., Ramey, A.M., Ip, H.S., and Gill, R.E., Jr., 2010, 
Limited evidence of trans-hemispheric movement of avian 
influenza viruses among contemporary North American 
shorebird isolates: Virus Research, v. 148, no. 1-2, p. 44–50, 
https://doi.org/​10.1016/​j.​virusres.2​009.12.002.

Pearce, J.M., Reeves, A.B., Ramey, A.M., Hupp, J.W., Ip, 
H.S., Bertram, M., Petrula, M.J., Scotton, B.D., Trust, K.A., 
Meixell, B.W., and Runstadler, J.A., 2011, Interspecific 
exchange of avian influenza virus genes in Alaska—The 
influence of trans‐hemispheric migratory tendency and 
breeding ground sympatry: Molecular Ecology, v. 20, no. 5, 
p. 1015–1025,  
https://doi.org/​10.1111/​j.1365-​294X.2010.04908.x.

Pearce, J.M., Ruthrauff, D.R., and Hall, J.S., 2012, Paired 
serologic and polymerase chain reaction analyses of avian 
influenza prevalence in Alaskan shorebirds: Journal of 
Wildlife Diseases, v. 48, no. 3, p. 812–814,  
https://doi.org/​10.7589/​0090-​3558-​48.3.812.

Pello, S.J., and Olsen, G.H., 2013, Emerging and reemerging 
diseases of avian wildlife: The Veterinary Clinics of North 
America. Exotic Animal Practice, v. 16, no. 2, p. 357–381, 
https://doi.org/​10.1016/​j.cvex.2013.02.001.

Pepin, K.M., Kay, S.L., Golas, B.D., Shriner, S.A., Gilbert, 
A.T., Miller, R.S., Graham, A.L., Riley, S., Cross, P.C., 
Samuel, M.D., Hooten, M., Hoeting, J.A., Lloyd-Smith, 
J.O., Webb, C.T., and Buhnerkempe, M.G., 2017, Inferring 
infection hazard in wildlife populations by linking data 
across individual and population scales: Ecology Letters, 
v. 20, no. 3, p. 275–292, https://doi.org/​10.1111/​ele.12732.

Poulson, R.L., Reeves, A.B., Ahlstrom, C.A., Scott, L.C., 
Hubbard, L.E., Fojtik, A., Carter, D.L., Stallknecht, D.E., 
and Ramey, A.M., 2024, Infectivity of Wild-Bird Origin 
Influenza A Viruses in Minnesota Wetlands across Seasons: 
Pathogens (Basel, Switzerland), v. 13, no. 5, p. 406, 
https://doi.org/​10.3390/​pathogens13050406.

Prosser, D., Chen, J., Ahlstrom, C., Reeves, A.B., Poulson, 
R.L., Sullivan, J.D., McAuley, D., Callahan, C.R., 
McGowan, P.C., Bahl, J., Stallknecht, D.E., and Ramey, 
A.M., 2022, Maintenance and dissemination of avian-origin 
influenza A virus within the northern Atlantic Flyway 
of North America: PLoS Pathogens, v. 18, no. 6, 25 p., 
https://doi.org/​10.1371/​journal.ppat.1010605.

Prosser, D., Schley, H., Simmons, N., Sullivan, J.D., 
Homyack, J., Weegman, M.M., Olsen, G.H., Berlin, A., 
Poulson, R.L., Stallknecht, D.E., and Williams, C.K., 2022, 
A lesser scaup (Aythya affinis) naturally infected with 
Eurasian 2.3.4.4 highly pathogenic H5N1 avian influenza 
virus – Movement ecology and host factors: Transboundary 
and Emerging Diseases, v. 69, no. 5,  
https://doi.org/​10.1111/​tbed.14614.

https://doi.org/10.1675/063.033.s116
https://doi.org/10.1371/journal.pone.0130662
https://doi.org/10.1371/journal.pone.0030636
https://doi.org/10.1371/journal.pone.0005729
https://doi.org/10.1371/journal.pone.0090826
https://doi.org/10.3133/ofr20181102
https://doi.org/10.1111/j.1752-4571.2009.00071.x
https://doi.org/10.1016/j.virusres.2009.12.002
https://doi.org/10.1111/j.1365-294X.2010.04908.x
https://doi.org/10.7589/0090-3558-48.3.812
https://doi.org/10.1016/j.cvex.2013.02.001
https://doi.org/10.1111/ele.12732
https://doi.org/10.3390/pathogens13050406
https://doi.org/10.1371/journal.ppat.1010605
https://doi.org/10.1111/tbed.14614


Appendix 2.  USGS Publications on Avian Influenza    21

Prosser, D., Teitelbaum, C.S., Yin, S., Hill, N.J., and Xiao, X., 
2023, Climate change impacts on bird migration and highly 
pathogenic avian influenza: Nature Microbiology, v. 8, 
no. 12, p. 2223–2225,  
https://doi.org/​10.1038/​s41564-​023-​01538-​0.

Prosser, D.J., Cui, P., Takekawa, J.Y., Tang, M., Hou, Y., 
Collins, B.M., Yan, B., Hill, N.J., Li, T., Li, Y., Lei, F., 
Guo, S., Xing, Z., He, Y., Zhou, Y., Douglas, D.C., Perry, 
W.M., and Newman, S.H., 2011, Wild bird migration 
across the Qinghai-Tibetan Plateau—A transmission route 
for highly pathogenic H5N1: PLoS One, v. 6, no. 3, 14 p., 
https://doi.org/​10.1371/​journal.pone.0017622.

Prosser, D.J., Densmore, C.L., Hindman, L.J., Iwanowicz, 
D.D., Ottinger, C.A., Iwanowicz, L.R., Driscoll, C.P., and 
Nagel, J.L., 2016, Low pathogenic avian influenza viruses 
in wild migratory waterfowl in a region of high poultry 
production, Delmarva, Maryland: Avian Diseases, v. 61, 
no. 1, p. 128–134,  
https://doi.org/​10.1637/​11476-​072616-​ResNote.

Prosser, D.J., Ding, C., Erwin, R.M., Mundkur, T., Sullivan, 
J.D., and Ellis, E.C., 2018, Species distribution modeling in 
regions of high need and limited data—Waterfowl of China: 
Avian Research, v. 9, no. 7, 14 p.,  
https://doi.org/​10.1186/​s40657-​018-​0099-​4.

Prosser, D.J., Hungerford, L.L., Erwin, R.M., Ottinger, M.A., 
Takekawa, J.Y., and Ellis, E.C., 2013, Mapping risk of 
avian influenza transmission at the interface of domestic 
poultry and wild birds: Frontiers in Public Health, v. 1,  
https://doi.org/​10.3389/​fpubh.2013.00028.

Prosser, D.J., Hungerford, L.L., Erwin, R.M., Ottinger, 
M.A., Takekawa, J.Y., Newman, S.H., Xiao, X., and Ellis, 
E.C., 2016, Spatial modeling of wild bird risk factors to 
investigate highly pathogenic A(H5N1) avian influenza 
virus transmission: Avian Diseases, v. 60, 1s, p. 329–336, 
https://doi.org/​10.1637/​11125-​050615-​Reg.

Prosser, D.J., Kent, C.M., Sullivan, J.D., Patyk, K.A., McCool, 
M.J., Torchetti, M.K., Lantz, K., and Mullinax, J.M., 2024, 
Using an adaptive modeling framework to identify avian 
influenza spillover risk at the wild-domestic interface: 
Scientific Reports, v. 14, 13 p.,  
https://doi.org/​10.1038/​s41598-​024-​64912-​w.

Prosser, D.J., Nagel, J., and Takekawa, J.Y., 2013, Animal 
migration and risk of spread of viral infections: Viral 
Infections and Global Change, 151–178.

Prosser, D.J., Palm, E.C., Takekawa, J.Y., Zhao, D., Xiao, 
X., Li, P., Liu, Y., and Newman, S.H., 2016, Movement 
analysis of free-grazing domestic ducks in Poyang Lake, 
China—A disease connection: International Journal of 
Geographical Information Science, v. 30, no. 5, p. 869–880, 
https://doi.org/​10.1080/​1​3658816.20​15.1065496.

Prosser, D.J., Takekawa, J.Y., Newman, S.H., Yan, B., 
Douglas, D.C., Hou, Y., Xing, Z., Zhang, D., Li, T., 
Li, Y., Zhao, D., Perry, W.M., and Palm, E.C., 2009, 
Satellite-marked waterfowl reveal migratory connection 
between H5N1 outbreak areas in China and Mongolia: The 
Ibis, v. 151, no. 3, p. 568–576,  
https://doi.org/​10.1111/​j.1474-​919X.2009.00932.x.

Prosser, D.J., Wu, J., Ellis, E.C., Gale, F., Van Boeckel, T.P., 
Wint, W., Robinson, T., Xiao, X., and Gilbert, M., 2011, 
Modelling the distribution of chickens, ducks, and geese 
in China: Agriculture, Ecosystems & Environment, v. 141, 
no. 3-4, p. 381–389,  
https://doi.org/​10.1016/​j.agee.2011.04.002.

Provencher, J.F., Wilcox, A.A.E., Gibbs, S.E.J., Howes, L.-A., 
Mallory, M.L., Pybus, M.J., Ramey, A.M., Reed, E.T., 
Sharp, C., Soos, C., Stasiak, I., and Leafloor, J.O., 2023, 
Baiting and banding—Expert opinion on how bait trapping 
may influence the occurrence of highly pathogenic avian 
influenza (HPAI) among dabbling ducks: Journal of Wildlife 
Diseases, v. 59, no. 4,  
https://doi.org/​10.7589/​JWD-​D-​22-​00163.

Ramey, A.M., 2023, Avian influenza in wild birds, chap. 
18 of Jessup, D., and Radcliffe, R., eds., Wildlife disease 
and health in conservation: Baltimore, Johns Hopkins 
University Press, p. 309–325.

Ramey, A.M., Beckmen, K.B., Saalfeld, D.T., Nicholson, 
K.L., Mangipane, B.A., Scott, L.C., Stallknecht, D.E. 
and Poulson, R.L., 2025, Exposure of Wild Mammals 
to Influenza A (H5N1) Virus, Alaska, USA, 2020–2023: 
Emerging Infectious Diseases, v. 31, no. 4, p.804.

Ramey, A.M., Cleveland, C.A., Hilderbrand, G.V., Joly, K., 
Gustine, D.D., Mangipane, B., Leacock, W.B., Crupi, A.P., 
Hill, D.E., Dubey, J.P., and Yabsley, M.J., 2019, Exposure 
of Alaska brown bears (Ursus arctos) to bacterial, viral, 
and parasitic agents varies spatiotemporally and may be 
influenced by age: Journal of Wildlife Diseases, v. 55, no. 3, 
p. 576–588, https://doi.org/​10.7589/​2018-​07-​173.

Ramey, A.M., DeLiberto, T.J., Berhane, Y., Swayne, D.E., 
and Stallknecht, D.E., 2018, Lessons learned from research 
and surveillance directed at highly pathogenic influenza A 
viruses in wild birds inhabiting North America: Virology, 
v. 518, p. 55–63,  
https://doi.org/​10.1016/​j.virol.2018.02.002.

https://doi.org/10.1038/s41564-023-01538-0
https://doi.org/10.1371/journal.pone.0017622
https://doi.org/10.1637/11476-072616-ResNote
https://doi.org/10.1186/s40657-018-0099-4
https://doi.org/10.3389/fpubh.2013.00028
https://doi.org/10.1637/11125-050615-Reg
https://doi.org/10.1038/s41598-024-64912-w
https://doi.org/10.1080/13658816.2015.1065496
https://doi.org/10.1111/j.1474-919X.2009.00932.x
https://doi.org/10.1016/j.agee.2011.04.002
https://doi.org/10.7589/JWD-D-22-00163
https://doi.org/10.7589/2018-07-173
https://doi.org/10.1016/j.virol.2018.02.002


22    Science Strategy to Address HPAI and Its Effects on Wildlife Health 2025–29

Ramey, A.M., Hill, N.J., Cline, T., Plancarte, M., De La Cruz, 
S., Casazza, M.L., Ackerman, J.T., Fleskes, J.P., Vickers, 
T.W., Reeves, A.B., Gulland, F., Fontaine, C., Prosser, 
D.J., Runstadler, J., and Boyce, W.M., 2017, Surveillance 
for highly pathogenic influenza A viruses in California 
during 2014–2015 provides insights into viral evolutionary 
pathways and the spatiotemporal extent of viruses in the 
Pacific Americas Flyway: Emerging Microbes & Infections, 
v. 6, no. 1, p. 1–10, https://doi.org/​10.1038/​emi.2017.66.

Ramey, A.M., Hill, N.J., DeLiberto, T.J., Gibbs, S.E.J., 
Camille Hopkins, M., Lang, A.S., Poulson, R.L., Prosser, 
D., Sleeman, J.M., Stallknecht, D.E., and Wan, X.-F., 2022, 
Highly pathogenic avian influenza is an emerging disease 
threat to wild birds in North America: The Journal of 
Wildlife Management, v. 86, no. 2, 21 p.,  
https://doi.org/​10.1002/​jwmg.22171.

Ramey, A.M., Torchetti, M.K., Poulson, R.L., Carter, D.L., 
Reeves, A.B., Link, P., Walther, P., Lebarbenchon, C., 
and Stallknecht, D.E., 2016, Evidence for wild waterfowl 
origin of H7N3 influenza A virus detected in captive-reared 
New Jersey pheasants: Archives of Virology, v. 161, no. 9, 
p. 2519–2526, https://doi.org/​10.1007/​s00705-​016-​2947-​z.

Ramey, A.M., Pearce, J.M., Ely, C.R., Guy, L.M.S., Irons, 
D.B., Derksen, D.V., and Ip, H.S., 2010, Transmission and 
reassortment of avian influenza viruses at the Asian–North 
American interface: Virology, v. 406, no. 2, p. 352–359, 
https://doi.org/​10.1016/​j.virol.2010.07.031.

Ramey, A.M., Pearce, J.M., Flint, P.L., Ip, H.S., Derksen, 
D.V., Franson, J.C., Petrula, M.J., Scotton, B.D., Sowl, 
K.M., Wege, M.L., and Trust, K.A., 2010, Intercontinental 
reassortment and genomic variation of low pathogenic 
avian influenza viruses isolated from northern pintails 
(Anas acuta) in Alaska—Examining the evidence through 
space and time: Virology, v. 401, no. 2, p. 179–189, 
https://doi.org/​10.1016/​j.virol.2010.02.006.

Ramey, A.M., Pearce, J.M., Reeves, A.B., Franson, J.C., 
Petersen, M.R., and Ip, H.S., 2011, Evidence for limited 
exchange of avian influenza viruses between seaducks 
and dabbling ducks at Alaska Peninsula coastal lagoons: 
Archives of Virology, v. 156, no. 10, p. 1813–1821, 
https://doi.org/​10.1007/​s00705-​011-​1059-​z.

Ramey, A.M., Pearce, J.M., Reeves, A.B., Poulson, R.L., 
Dobson, J., Lefferts, B., Spragens, K.A., and Stallknecht, 
D.E., 2016, Surveillance for Eurasian-origin and 
intercontinental reassortant highly pathogenic influenza 
A viruses in Alaska, spring and summer 2015: Virology 
Journal, v. 13, no. 55, 6 p.,  
https://doi.org/​10.1186/​s12985-​016-​0511-​9.

Ramey, A.M., Poulson, R.L., Gonzalez-Reiche, A.S., Perez, 
D.R., Stallknecht, D.E., and Brown, J.D., 2014, Genomic 
characterization of H14 subtype influenza A viruses in 
New World waterfowl and experimental infectivity in 
mallards (Anas platyrhynchos): PLoS One, v. 9, no. 5, 10 p., 
https://doi.org/​10.1371/​journal.pone.0095620.

Ramey, A.M., Poulson, R.L., González-Reiche, A.S., Wilcox, 
B.R., Walther, P., Link, P., Carter, D.L., Newsome, G.M., 
Müller, M.L., Berghaus, R.D., Perez, D.R., Hall, J.S., and 
Stallknecht, D.E., 2014, Evidence for seasonal patterns in 
the relative abundance of avian influenza virus subtypes 
in blue-winged teal (Anas discors): Journal of Wildlife 
Diseases, v. 50, no. 4, p. 916–922,  
https://doi.org/​10.7589/​2013-​09-​232.

Ramey, A.M., and Reeves, A.B., 2020, Ecology of influenza 
A viruses in wild birds and wetlands of Alaska: Avian 
Diseases, v. 64, no. 2, p. 109–122,  
https://doi.org/​10.1637/​0005-​2086-​64.2.109.

Ramey, A.M., Reeves, A.B., Donnelly, T.F., Poulson, R.L., 
and Stallknecht, D.E., 2018, Introduction of Eurasian-origin 
H8N4 influenza A virus into North America via migratory 
birds: Emerging Infectious Diseases, v. 24, no. 10, 
p. 1950–1953, https://doi.org/​10.3201/​eid2410.180447.

Ramey, A.M., Reeves, A.B., Drexler, J.Z., Ackerman, J.T., 
De La Cruz, S.E.W., Lang, A.S., Leyson, C., Link, P.T., 
Prosser, D., Robertson, G.J., Wight, J., Youk, S., Spackman, 
E., Pantin-Jackwood, M., Poulson, R.L., and Stallknecht, 
D.E., 2020, Influenza A viruses remain infectious for more 
than seven months in northern wetlands of North America. 
Proceedings of the Royal Society B: Biological Sciences 
287, https://doi.org/​10.1098/​rspb.2020.1680.

Ramey, A.M., Reeves, A.B., Lagassé, B.J., Patil, V.P., 
Hubbard, L.E., Kolpin, D.W., McCleskey, R.B., Repert, 
D.A., Stallknecht, D.E., and Poulson, R.L., 2022, Evidence 
for interannual persistence of infectious influenza A viruses 
in Alaska wetlands: Science of the Total Environment, 
v. 803, 9 p., https://doi.org/​10.1016/​j.s​citotenv.2​021.150078.

Ramey, A.M., Reeves, A.B., Poulson, R.L., Carter, D.L., 
Davis-Fields, N., and Stallknecht, D.E., 2016, Genome 
sequence of a novel H14N7 subtype influenza A virus 
isolated from a blue-winged teal (Anas discors) harvested 
in Texas, USA: Genome Announcements, v. 4, no. 3, 2 p., 
https://doi.org/​10.1128/​genomeA.00520-​16.

Ramey, A.M., Reeves, A.B., Poulson, R.L., Wasley, J., Esler, 
D.N., and Stallknecht, D.E., 2015, Sampling of sea ducks 
for influenza A viruses in Alaska during winter provides 
lack of evidence for epidemiological peak of infection: 
Journal of Wildlife Diseases, v. 51, no. 4, p. 938–941, 
https://doi.org/​10.7589/​2015-​03-​057.

https://doi.org/10.1038/emi.2017.66
https://doi.org/10.1002/jwmg.22171
https://doi.org/10.1007/s00705-016-2947-z
https://doi.org/10.1016/j.virol.2010.07.031
https://doi.org/10.1016/j.virol.2010.02.006
https://doi.org/10.1007/s00705-011-1059-z
https://doi.org/10.1186/s12985-016-0511-9
https://doi.org/10.1371/journal.pone.0095620
https://doi.org/10.7589/2013-09-232
https://doi.org/10.1637/0005-2086-64.2.109
https://doi.org/10.3201/eid2410.180447
https://doi.org/10.1098/rspb.2020.1680
https://doi.org/10.1016/j.scitotenv.2021.150078
https://doi.org/10.1128/genomeA.00520-16
https://doi.org/10.7589/2015-03-057


Appendix 2.  USGS Publications on Avian Influenza    23

Ramey, A.M., Reeves, A.B., Sonsthagen, S.A., Teslaa, J.L., 
Nashold, S.W., Donnelly, T.F., Casler, B., and Hall, J.S., 
2015, Dispersal of H9N2 influenza A viruses between East 
Asia and North America by wild birds: Virology, v. 482, 
p. 79–83, https://doi.org/​10.1016/​j.virol.2015.03.028.

Ramey, A.M., Reeves, A.B., Teslaa, J.L., Nashold, S.W., 
Donnelly, T.F., Bahl, J., and Hall, J.S., 2016, Evidence for 
common ancestry among viruses isolated from wild birds in 
Beringia and highly pathogenic intercontinental reassortant 
H5N1 and H5N2 influenza A viruses: Infection, Genetics 
and Evolution, v. 40, p. 176–185,  
https://doi.org/​10.1016/​j.meegid.2016.02.035.

Ramey, A.M., Scott, L.C., Ahlstrom, C., Buck, E.J., Williams, 
A., Torchetti, M.K., Stallknecht, D.E., and Poulson, R.L., 
2024, Molecular detection and characterization of highly 
pathogenic H5N1 clade 2.3.4.4b avian influenza viruses 
among hunter-harvested wild birds provides evidence for 
three independent introductions into Alaska: Virology, 
v. 589, 6 p., https://doi.org/​10.1016/​j.virol.2023.109938.

Ramey, A.M., Spackman, E., Torchetti, M.K., and DeLiberto, 
T.J., 2016, Weak support for disappearance and restricted 
emergence/persistence of highly pathogenic influenza A in 
North American waterfowl: Proceedings of the National 
Academy of Sciences of the United States of America, 
v. 113, no. 43, p. E6551–E6552,  
https://doi.org/​10.1073/​pnas.1614530113.

Ramey, A.M., Spackman, E., Yeh, J.-Y., Fujita, G., Konishi, 
K., Uchida, K., Reed, J.A., Wilcox, B.R., Brown, J.D., and 
Stallknecht, D.E., 2013, Antibodies to H5 subtype avian 
influenza virus and Japanese encephalitis virus in northern 
pintails (Anas acuta) sampled in Japan: The Japanese 
Journal of Veterinary Research, v. 61, p. 117–123.

Ramey, A.M., Uher-Koch, B.D., Reeves, A.B., Schmutz, J.A., 
Poulson, R.L., and Stallknecht, D.E., 2019, Emperor geese 
(Anser canagicus) are exposed to a diversity of influenza 
A viruses, are infected during the non-breeding period and 
contribute to intercontinental viral dispersal: Transboundary 
and Emerging Diseases, v. 66, no. 5, p. 1958–1970, 
https://doi.org/​10.1111/​tbed.13226.

Ramey, A.M., Walther, P., Link, P.K., Poulson, R.L., Wilcox, 
B.R., Newsome, G.M., Spackman, E., Brown, J., and 
Stallknecht, D.E., 2016, Optimizing surveillance for South 
American origin influenza A viruses along the United States 
Gulf Coast through genomic characterization of isolates 
from blue-winged teal (Anas discors): Transboundary and 
Emerging Diseases, v. 63, no. 2, p. 194–202,  
https://doi.org/​10.1111/​tbed.12244.

Reeves, A.B., Hall, J.S., Poulson, R.L., Donnelly, T.F., 
Stallknecht, D.E., and Ramey, A.M., 2018, Influenza A 
virus recovery, diversity, and intercontinental exchange—A 
multi-year assessment of wild bird sampling at Izembek 
National Wildlife Refuge, Alaska: PLoS One, v. 13, no. 4, 
26 p., https://doi.org/​10.1371/​journal.pone.0195327.

Reeves, A.B., and Ip, H.S., 2016, H9N2 influenza A virus 
isolated from a Greater White-fronted wild goose (Anser 
albifrons) in Alaska has a mutation in the PB2 gene, which 
is associated with pathogenicity in human pandemic 
2009 H1N1: Genome Announcements, v. 4, no. 5, 2 p., 
https://doi.org/​10.1128/​genomeA.00869-​16.

Reeves, A.B., Pearce, J.M., Ramey, A.M., Ely, C.R., Schmutz, 
J.A., Flint, P.L., Derksen, D.V., Ip, H.S., and Trust, K.A., 
2013, Genomic analysis of avian influenza viruses from 
waterfowl in Western Alaska, USA: Journal of Wildlife 
Diseases, v. 49, no. 3, p. 600–610,  
https://doi.org/​10.7589/​2012-​04-​108.

Reeves, A.B., Pearce, J.M., Ramey, A.M., Meixell, B.W., 
and Runstadler, J.A., 2011, Interspecies transmission and 
limited persistence of low pathogenic avian influenza 
genomes among Alaska dabbling ducks: Infection, Genetics 
and Evolution, v. 11, no. 8, p. 2004–2010,  
https://doi.org/​10.1016/​j.meegid.2011.09.011.

Reeves, A.B., Ramey, A.M., Koch, J.C., Poulson, R.L., 
and Stallknecht, D.E., 2020, Field-based method for 
assessing duration of infectivity for influenza A viruses in 
the environment: Journal of Virological Methods, v. 277, 
https://doi.org/​10.1016/​j.​jviromet.2​020.113818.

Reeves, A.B., Ramey, A.M., Poulson, R.L., and Stallknecht, 
D.E., 2020, The genome sequence of an H6N5 influenza a 
virus strain isolated from a Northern Pintail (Anas acuta) 
sampled in Alaska, USA, shares high identity with that of 
a South Korean wild bird strain: Microbiology Resource 
Announcements, v. 9, no. 33, 3 p.,  
https://doi.org/​10.1128/​MRA.00639-​20.

Ross, J.D., Bridge, E.S., Prosser, D.J., and Takekawa, J.Y., 
2018, The aerosphere as a network connector of organisms 
and their diseases, in Chilson, P.B., Frick, W.F., Kelly, 
J.F., and Liechti, eds., Aeroecology: Cham, Switzerland, 
Springer, p. 427–464,  
https://doi.org/​10.1007/​978-​3-​319-​68576-​2_​17.

Samuel, M.D., Hall, J.S., Brown, J.D., Goldberg, D.R., Ip, 
H.S., and Baranyuk, V.V., 2015, The dynamics of avian 
influenza in Lesser Snow Geese—Implications for annual 
and migratory infection patterns: Ecological Applications, 
v. 25, no. 7, p. 1851–1859,  
https://doi.org/​10.1890/​14-​1820.1.

https://doi.org/10.1016/j.virol.2015.03.028
https://doi.org/10.1016/j.meegid.2016.02.035
https://doi.org/10.1016/j.virol.2023.109938
https://doi.org/10.1073/pnas.1614530113
https://doi.org/10.1111/tbed.13226
https://doi.org/10.1111/tbed.12244
https://doi.org/10.1371/journal.pone.0195327
https://doi.org/10.1128/genomeA.00869-16
https://doi.org/10.7589/2012-04-108
https://doi.org/10.1016/j.meegid.2011.09.011
https://doi.org/10.1016/j.jviromet.2020.113818
https://doi.org/10.1128/MRA.00639-20
https://doi.org/10.1007/978-3-319-68576-2_17
https://doi.org/10.1890/14-1820.1


24    Science Strategy to Address HPAI and Its Effects on Wildlife Health 2025–29

Schwarzbach, S., Muzzafar, S., and Takekawa, J.Y., 2008, 
Avian influenza, in van Riper, C., III, ed., Book reviews: 
Journal of Wildlife Diseases, v. 44, no. 4, p. 1056–1058, 
https://doi.org/​10.7589/​0090-​3558-​44.4.1056.

Shearn-Bochsler, V.I., Knowles, S., and Ip, H.S., 2019, Lethal 
infection of wild raptors with highly pathogenic avian 
influenza H5N8 and H5N2 viruses in the USA, 2014–15: 
Journal of Wildlife Diseases, v. 55, no. 1, p. 164–168, 
https://doi.org/​10.7589/​2017-​11-​289.

Shimada, T., Yamaguchi, N.M., Hijikata, N., Hiraoka, 
E.N., Hupp, J.W., Flint, P.L., Tokita, K.-i., Fujita, G., 
Uchida, K., Sato, F., Kurechi, M., Pearce, J.M., Ramey, 
A.M., and Higuchi, H., 2014, Satellite tracking of the 
migration of Whooper Swans Cygnus cygnus wintering 
in Japan: Ornithological Science, v. 13, no. 2, p. 67–75, 
https://doi.org/​10.2326/​osj.13.67.

Spackman, E., Pantin-Jackwood, M.J., Lee, S.A., and Prosser, 
D., 2023, The pathogenesis of a 2022 North American 
highly pathogenic clade 2.3.4.4b H5N1 avian influenza 
virus in mallards (Anas platyrhynchos): Avian Pathology, 
v. 52, no. 3, p. 219–228,  
https://doi.org/​10.1080/​0​3079457.20​23.2196258.

Spackman, E., Prosser, D., Pantin-Jackwood, M., Stephens, 
C.B., and Berlin, A., 2019, Clade 2.3.4.4 H5 North 
American highly pathogenic avian influenza viruses infect, 
but do not cause clinical signs in American Black Ducks 
(Anas rubripes): Avian Diseases, v. 63, no. 2, p. 366–370, 
https://doi.org/​10.1637/​11950-​081418-​ResNote.1.

Spackman, E., Prosser, D.J., Pantin-Jackwood, M.J., Berlin, 
A., and Stephens, C.B., 2017, The pathogenesis of clade 
2.3.4.4 H5 highly pathogenic avian influenza viruses in 
Ruddy Duck (Oxyura jamaicensis) and Lesser Scaup 
(Aythya affinis): Journal of Wildlife Diseases, v. 53, no. 4, 
p. 832–842, https://doi.org/​10.7589/​2017-​01-​003.

Spivey, T.J., Lindberg, M.S., Meixell, B.W., Smith, K.R., 
Puryear, W.B., Davis, K.R., Runstadler, J.A., Stallknecht, 
D.E., and Ramey, A.M., 2017, Maintenance of influenza 
A viruses and antibody response in mallards (Anas 
platyrhynchos) sampled during the non-breeding season in 
Alaska: PLoS One, v. 12, no. 8, 18 p.,  
https://doi.org/​10.1371/​journal.pone.0183505.

Stallknecht, D.E., Kienzle-Dean, C., Davis-Fields, N., 
Jennelle, C.S., Bowman, A.S., Nolting, J.M., Boyce, 
W., Crum, J., Santos, J., Brown, J.D., Prosser, D., De La 
Cruz, S.E.W., Ackerman, J.T., Casazza, M.L., Krauss, 
S., Perez, D., Ramey, A.M., and Poulson, R.L., 2020, 
Limited detection of antibodies to clade 2.3.4.4 A/Goose/
Guangdong/1/1996 lineage highly pathogenic H5 avian 
influenza virus in North American waterfowl: Journal of 
Wildlife Diseases, v. 56, no. 1, p. 47–57,  
https://doi.org/​10.7589/​2019-​01-​003.

Stephens, C.B., Prosser, D., Pantin-Jackwood, M.J., Berlin, 
A., and Spackman, E., 2019, The pathogenesis of H7 
highly pathogenic avian influenza viruses in Lesser Scaup 
(Aythya affinis): Avian Diseases, v. 63, sp1, p. 230–234, 
https://doi.org/​10.1637/​11909-​060118-​ResNote.1.

Stokdyk, J.P., Bruce, J.L., Burch, T.R., Spencer, S.K., 
Firnstahl, A., and Borchardt, M.A., 2019, Laboratory for 
Infectious Disease and the Environment (LIDE), U.S. 
Geological Survey Fact Sheet, 4 p.,  
https://doi.org/​10.3133/​fs20183079.

Sullivan, J.D., McDonough, A.M., Lescure, L.M., and Prosser, 
D.J., 2024, Identifying an Understudied Interface—
Preliminary Evaluation of the Use of Retention Ponds 
on Commercial Poultry Farms by Wild Waterfowl: 
Transboundary and Emerging Diseases, v. 2024, 9 p., 
https://doi.org/​10.1155/​2024/​3022927.

Sullivan, J.D., Takekawa, J.Y., Spragens, K.A., Newman, 
S.H., Xiao, X., Leader, P.J., Smith, B., and Prosser, D.J., 
2018, Waterfowl spring migratory behavior and avian 
influenza transmission risk in the changing landscape of the 
East Asian-Australasian Flyway: Frontiers in Ecology and 
Evolution, v. 6, 14 p.,  
https://doi.org/​10.3389/​fevo.2018.00206.

Takekawa, J., Prosser, D., Sullivan, J.D., Yin, S., Wang, X., 
Zhang, G., and Xiao, X., 2023, Potential effects of habitat 
change on migratory bird movements and avian influenza 
transmission in the East Asian-Australasian Flyway: 
Diversity, v. 15, no. 5, https://doi.org/​10.3390/​d15050601.

Takekawa, J.Y., Newman, S.H., Xiao, X., Prosser, D.J., 
Spragens, K.A., Palm, E.C., Yan, B., Li, T., Lei, F., Zhao, 
D., Douglas, D.C., Muzaffar, S.B., and Ji, W., 2010, 
Migration of waterfowl in the East Asian flyway and spatial 
relationship to HPAI H5N1 outbreaks: Avian Diseases, 
v. 54, s1, p. 466–476,  
https://doi.org/​10.1637/​8914-​043009-​Reg.1.

Takekawa, J.Y., Prosser, D.J., Collins, B.M., Douglas, 
D.C., Perry, W.M., Yan, B., Ze, L., Hou, Y., Lei, F., Li, 
T., Li, Y., and Newman, S.H., 2013, Movements of wild 
ruddy shelducks in the Central Asian Flyway and their 
spatial relationship to outbreaks of highly pathogenic 
avian influenza H5N1: Viruses, v. 5, no. 9, p. 2129–2152, 
https://doi.org/​10.3390/​v5092129.

Takekawa, J.Y., Prosser, D.J., Newman, S.H., Muzaffar, S.B., 
Hill, N.J., Yan, B., Xiao, X., Lei, F., Li, T., Schwarzbach, 
S.E., and Howell, J.A., 2010, Victims and vectors—Highly 
pathogenic avian influenza H5N1 and the ecology of 
wild birds: Avian Biology Research, v. 3, no. 2, p. 51–73, 
https://doi.org/​10.3184/​1758​15510X1273​7339356701.

https://doi.org/10.7589/0090-3558-44.4.1056
https://doi.org/10.7589/2017-11-289
https://doi.org/10.2326/osj.13.67
https://doi.org/10.1080/03079457.2023.2196258
https://doi.org/10.1637/11950-081418-ResNote.1
https://doi.org/10.7589/2017-01-003
https://doi.org/10.1371/journal.pone.0183505
https://doi.org/10.7589/2019-01-003
https://doi.org/10.1637/11909-060118-ResNote.1
https://doi.org/10.3133/fs20183079
https://doi.org/10.1155/2024/3022927
https://doi.org/10.3389/fevo.2018.00206
https://doi.org/10.3390/d15050601
https://doi.org/10.1637/8914-043009-Reg.1
https://doi.org/10.3390/v5092129
https://doi.org/10.3184/175815510X12737339356701


Appendix 2.  USGS Publications on Avian Influenza    25

Teitelbaum, C.S., Ackerman, J.T., Hill, M.A., Satter, J.M., 
Casazza, M.L., De La Cruz, S.E.W., Boyce, W.M., Buck, 
E.J., Eadie, J.M., Herzog, M.P., Matchett, E., Overton, C.T., 
Peterson, S.H., Plancarte, M., Ramey, A.M., Sullivan, J.D., 
and Prosser, D., 2022, Avian influenza antibody prevalence 
increases with mercury contamination in wild waterfowl. 
Proceedings of the Royal Society B,  
https://doi.org/​10.1098/​rspb.2022.1312.

Teitelbaum, C.S., Casazza, M.L., McDuie, F., De La Cruz, 
S.E.W., Overton, C.T., Hall, L.A., Matchett, E., Ackerman, 
J.T., Sullivan, J.D., Ramey, A.M., and Prosser, D., 2023, 
Waterfowl recently infected with low pathogenic avian 
influenza exhibit reduced local movement and delayed 
migration: Ecosphere, v. 14, no. 2, 16 p.,  
https://doi.org/​10.1002/​ecs2.4432.

Teitelbaum, C.S., Casazza, M.L., Overton, C.T., Sullivan, J.D., 
Matchett, E.L., McDuie, F., Lorenz, A.A., Ackerman, J.T., 
De La Cruz, S.E.W., and Prosser, D.J., 2024, Potential use 
of poultry farms by wild waterfowl in California’s Central 
Valley varies across space, times of day, and species—
Implications for influenza transmission risk: Ecography, 
v. 2024, no. 10, 13 p., https://doi.org/​10.1111/​ecog.06939.

Teitelbaum, C.S., Masto, N., Sullivan, J.D., Keever, A., 
Poulson, R.L., Carter, D., Blake-Bradshaw, A., Highway, 
C., Feddersen, J., Hagy, H.M., Gerhold, R.W., Cohen, B.S., 
and Prosser, D., 2023, North American wintering mallards 
infected with highly pathogenic avian influenza show few 
signs of altered local or migratory movements: Scientific 
Reports, v. 13, 11 p., https://doi.org/​10.1038/​s41598-​
023-​40921-​z.

Tian, H., Zhou, S., Dong, L., Van Boeckel, T.P., Cui, Y., 
Newman, S.H., Takekawa, J.Y., Prosser, D.J., Xiao, X., 
Wu, Y., Cazelles, B., Huang, S., Yang, R., Grenfell, B.T., 
and Xu, B., 2015, Avian influenza H5N1 viral and bird 
migration networks in Asia: Proceedings of the National 
Academy of Sciences of the United States of America, 
v. 112, no. 1, p. 172–177,  
https://doi.org/​10.1073/​pnas.1405216112.

Torchetti, M.K., Killian, M.-L., Dusek, R.J., Pedersen, J.C., 
Hines, N., Bodenstein, B.L., White, C.L., and Ip, H.S., 
2015, Novel H5 clade 2.3.4.4 reassortant (H5N1) virus 
from a green-winged teal in Washington, USA: Genome 
Announcements, v. 3, no. 2,  
https://doi.org/​10.1128/​genomeA.00195-​15.

Tsukamoto, K., Javier, P.C., Shishido, M., Noguchi, D., 
Pearce, J.M., Kang, H.M., Jeong, O.M., Lee, Y.J., 
Nakanishi, K., and Ashizawa, T., 2012, SYBR green-based 
real-time reverse transcription-PCR for typing and 
subtyping of all hemagglutinin and neuraminidase 
genes of avian influenza viruses and comparison to 
standard serological subtyping tests: Journal of Clinical 
Microbiology, v. 50, no. 1, p. 37–45,  
https://doi.org/​10.1128/​JCM.01195-​11.

Tyson-Pello, S.J., and Olsen, G.H., 2020, Emerging diseases 
of avian wildlife: The Veterinary Clinics of North 
America. Exotic Animal Practice, v. 23, no. 2, p. 383–395, 
https://doi.org/​10.1016/​j.cvex.2020.01.002.

Uher-Koch, B.D., Spivey, T.J., Van Hemert, C.R., Schmutz, 
J.A., Jiang, K., Wan, X.-F., and Ramey, A.M., 2019, 
Serologic evidence for influenza A virus exposure in three 
loon species (Gavia spp.) breeding in Alaska: Journal of 
Wildlife Diseases, v. 55, no. 4, p. 862–867,  
https://doi.org/​10.7589/​2018-​06-​165.

Van Boeckel, T.P., Prosser, D., Franceschini, G., Biradar, C., 
Wint, W., Robinson, T., and Gilbert, M., 2011, Modelling 
the distribution of domestic ducks in Monsoon Asia: 
Agriculture, Ecosystems & Environment, v. 141, no. 3–4, 
p. 373–380, https://doi.org/​10.1016/​j.agee.2011.04.013.

Van Hemert, C.R., Spivey, T.J., Uher-Koch, B.D., Atwood, 
T.C., Sinnett, D.R., Meixell, B.W., Hupp, J.W., Jiang, K., 
Adams, L.G., Gustine, D.D., Ramey, A.M., and Wan, X.-F., 
2018, Survey of Arctic Alaskan wildlife for influenza A 
antibodies—Limited evidence for exposure of mammals: 
Journal of Wildlife Diseases, v. 55, p. 387–398.

Vanstreels, R.E.T., Uhart, M.M., and Work, T.M., 2023, Health 
and diseases, chap. 5 of Young, L., and VanderWerf, E., 
eds., Conservation of marine birds: Elsevier, p. 131–176, 
https://doi.org/​10.1016/​B978-​0-​323-​88539-​3.00003-​0.

Walsh, D.P., Ma, T.F., Ip, H.S., and Zhu, J., 2019, Artificial 
intelligence and avian influenza—Using machine learning 
to enhance active surveillance for avian influenza viruses: 
Transboundary and Emerging Diseases, v. 66, no. 6, 
p. 2537–2545, https://doi.org/​10.1111/​tbed.13318.

Will, A., Thiebot, J.-B., Ip, H.S., Shoogukwruk, P., 
Annogiyuk, M., Takahashi, A., Shearn-Bochsler, V.I., 
Killian, M.-L., Torchetti, M.K., and Kitaysky, A., 2020, 
Investigation of the 2018 thick-billed murre (Uria lomvia) 
die-off on St. Lawrence Island rules out food shortage as 
the cause: Deep-sea Research. Part II, Topical Studies in 
Oceanography, v. 181–182, p. 181–182,  
https://doi.org/​10.1016/​j.dsr2.2020.104879.

https://doi.org/10.1098/rspb.2022.1312
https://doi.org/10.1002/ecs2.4432
https://doi.org/10.1111/ecog.06939
https://doi.org/10.1038/s41598-023-40921-z
https://doi.org/10.1038/s41598-023-40921-z
https://doi.org/10.1073/pnas.1405216112
https://doi.org/10.1128/genomeA.00195-15
https://doi.org/10.1128/JCM.01195-11
https://doi.org/10.1016/j.cvex.2020.01.002
https://doi.org/10.7589/2018-06-165
https://doi.org/10.1016/j.agee.2011.04.013
https://doi.org/10.1016/B978-0-323-88539-3.00003-0
https://doi.org/10.1111/tbed.13318
https://doi.org/10.1016/j.dsr2.2020.104879


Wille, M., Avery-Gomm, S., Caliendo, V., Camphuysen, 
K., Humphreys, E., Lang, A., Philip, E., Ramey, A.M., 
Rijks, J.M., Robertson, G., and Roberts, L., 2023, 
High pathogenicity avian influenza represents an 
unprecedented conservation challenge for globally declining 
seabird populations. Science, v. 378, no. 6615, 5 p. 5, 
https://doi.org/​10.1126/​science.adf0956.

Wilson, H.M., Hall, J.S., Flint, P.L., Franson, J.C., Ely, 
C.R., Schmutz, J.A., and Samuel, M.D., 2013, High 
seroprevalence of antibodies to avian influenza viruses 
among wild waterfowl in Alaska—Implications for 
surveillance: PLoS One, v. 8, no. 3, 7 p.,  
https://doi.org/​10.1371/​journal.pone.0058308.

Worrest, R., and Dein, F.J., 2006, Highly pathogenic avian 
influenza early detection data system (HEDDS), U.S. 
Geological Survey Fact Sheet, 2 p.,  
https://doi.org/​10.3133/​70045364.

Xu, Y., Ramey, A.M., Bowman, A.S., DeLiberto, T.J., Killian, 
M.L., Krauss, S., Nolting, J.M., Torchetti, M.K., Reeves, 
A.B., Webby, R.J., Stallknecht, D.E., and Wan, X.-F., 2017, 
Low-pathogenic influenza A viruses in North American 
diving ducks contribute to the emergence of a novel highly 
pathogenic influenza A(H7N8) virus: Journal of Virology, 
v. 91, no. 9, 13 p., https://doi.org/​10.1128/​JVI.02208-​16.

Yamaguchi, N., Hupp, J.W., Higuchi, H., Flint, P.L., 
and Pearce, J.M., 2010, Satellite‐tracking of Northern 
Pintail Anas acuta during outbreaks of the H5N1 virus 
in Japan—Implications for virus spread: The Ibis, 
v. 152, no. 2, p. 262–271, https://doi.org/​10.1111/​j.1474-​
919X.2010.01010.x.

Yin, S., Li, N., Xu, W., Becker, D., de Boer, W.F., Xu, C., 
Mundkur, T., Fountain-Jones, N.M., Li, C., Han, G., Wu, 
Q., Prosser, D., Cui, L., and Huang, Z., 2023, Functional 
traits explain waterbirds’ host status, subtype richness, and 
community-level infection risk for avian influenza: Ecology 
Letters, v. 26, no. 10, p. 1780–1791,  
https://doi.org/​10.1111/​ele.14294.

Yin, S., Xu, Y., Batbayar, N., Takekawa, J.Y., Si, Y., Prosser, 
D., Newman, S.H., Prins, H.H.T., and de Boer, W.F., 2021, 
Do contrasting patterns of migration movements and 
disease outbreaks between congeneric waterfowl species 
reflect differing immunity?: Geospatial Health, v. 16, no. 1, 
p. 223–230, https://doi.org/​10.4081/​gh.2021.909.

Youk, S., Torchetti, M.K., Lantz, K., Lenoch, J.B., Killian, 
M.L., Leyson, C., Bevins, S.N., Dilione, K., Ip, H.S., 
Stallknecht, D.E., Poulson, R.L., Suarez, D.L., Swayne, 
D.E., and Pantin-Jackwood, M.J., 2023, H5N1 highly 
pathogenic avian influenza clade 2.3. 4.4 b in wild and 
domestic birds—Introductions into the United States and 
reassortments, December 2021–April 2022: Virology, 
v. 587, 14 p., https://doi.org/​10.1016/​j.virol.2023.109860.

Zheng, R., Smith, L.M., Prosser, D.J., Takekawa, J.Y., 
Newman, S.H., Sullivan, J.D., Luo, Z., and Yan, B., 2018, 
Investigating home range, movement pattern, and habitat 
selection of Bar-headed Geese during breeding season at 
Qinghai Lake, China: Animals (Basel), v. 8, no. 10, 13 p., 
https://doi.org/​10.3390/​ani8100182.

26    Science Strategy to Address HPAI and Its Effects on Wildlife Health 2025–29

https://doi.org/10.1126/science.adf0956
https://doi.org/10.1371/journal.pone.0058308
https://doi.org/10.3133/70045364
https://doi.org/10.1128/JVI.02208-16
https://doi.org/10.1111/j.1474-919X.2010.01010.x
https://doi.org/10.1111/j.1474-919X.2010.01010.x
https://doi.org/10.1111/ele.14294
https://doi.org/10.4081/gh.2021.909
https://doi.org/10.1016/j.virol.2023.109860
https://doi.org/10.3390/ani8100182


For more information about this report, contact:
Director, Alaska Science Center

4210 University Drive
Anchorage, Alaska 99508
or visit our website at
h​ttps://www​.usgs.gov/​centers/​alaska-​science-​center.

Manuscript approved on May 13, 2025

Publishing support provided by the U.S. Geological Survey
Science Publishing Network, Baltimore and 
Tacoma Publishing Service Centers

Edited by Mary Heinz
Layout and cover design by Teresa A. Lewis

https://www.usgs.gov/centers/alaska-science-center


Ram
ey and others—

Science Strategy to A
ddress H

PA
I and Its Effects on W

ildlife H
ealth 2025–29—

CIR 1558

ISSN 2330-5703 (online)
https://doi.org/​10.3133/​cir1558

https://doi.org/10.3133/cir1558

	Acknowledgments
	Executive Summary
	References Cited

	Introduction
	Congressional Mandates
	U.S. Department of Homeland Security’s Federal Emergency Management Agency National Response and Recovery Frameworks
	USGS Avian Influenza Science Strategy
	Goals and Objectives
	Science Goal 1: Develop and Refine Methods for Viral Detection and Characterization of Viruses in Wildlife and the Environment
	Science Goal 2: Assess Effects of HPAI on Wildlife
	Science Goal 3: Identify Spatiotemporal Patterns of Wildlife Host and HPAI Virus Dispersal 
	Science Goal 4: Refine Information on the Occurrence and Persistence of HPAI Viruses in the Environm
	Science Goal 5: Incorporate Human Dimensions of HPAI in Scientific Studies
	Science Goal 6: Develop New Tools and Scientific Methods to Inform Management Decisions Regarding HPAI in Wildlife, Particularly for Species of Conservation Concern
	Science Goal 7: Assess Potential Combined Effects of HPAI and Other Stressors on Ecosystem Health and Resiliency

	Performance Review of the Science Strategy
	References Cited
	Appendix 1. Names and Affiliations of USGS Avian Influenza Science Team Members (in Alphabetical Order by Last Name)
	Appendix 2. USGS Publications on Avian Influenza
	Table 1. Metrics of impact and relevance to partners (as of December 2024) for U.S. Geological Survey (USGS) data products about avian influenza that were published between October 2018 and September 2024



