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Message from
the Director

In 2024, WS NWRC marked the 25th anniversary As we continue to grow our expertise, we

of the opening of its Wildlife Science Building at are also focusing on the future—discovering,

its headquarters office in Fort Collins, Colorado. evaluating, and leveraging new technologies for

Prior to its opening, most employees were scat- use in wildlife disease and damage management,

tered across offices and facilities at the Denver working with new and nontraditional stakeholders, Lﬁ:’;;‘;"g‘z’r

Federal Center. The move to Fort Collins signified and thinking about potential opportunities and Photo by USDA Wildiife Services,
a commitment to WS’ continued growth in challenges. Gail Keirn

research. Situated on 43 acres at Colorado State
University’s (CSU) Foothills Campus, the NWRC
is a national hub for wildlife damage research. Its

The WS program overall is using strategic
foresight to integrate future-thinking principles
into its culture and planning. Strategic foresight is
a method for exploring plausible future scenarios,
identifying the opportunities and challenges they
present, and leveraging that information to make

unique laboratories and animal holding facilities
support diverse partnerships and collaborations
with universities; other Federal, State, and local
agencies; and private institutions.
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strategic decisions now that will better position us
forthe future.

WS’ parent agency—the Animal and Plant

Health Inspection Service— identified ten future
trends most likely to impact the way the agency
does business. Many of those trends, such as a
changing and unpredictable climate, scientific
and technological advances, evolving perceptions
of animal welfare and wildlife, global health
threats, and a changing workforce, speak directly
to issues WS currently recognizes and is planning
forin the years ahead. For example, we've
invested in disease and diagnostics laboratories
to research and address new and emerging zoo-
notic disease risks. NWRC’s new Wildlife Disease
Diagnostics Laboratory is designated a National
Animal Health Laboratory Network (NAHLN)
Affiliate Laboratory, allowing us to provide surge
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capacity for NAHLN laboratory testing during
disease outbreaks. The establishment of NWRC’s
Human Dimensions Unit in 2022 helps to inform
wildlife policy and management by studying how
people value wildlife and their wildlife manage-
ment preferences. These and other advances
ensure WS remains a leader in wildlife damage
management and research, while positioning us
to better address the challenges and opportuni-
ties of the future.

Itis with pleasure that | present to you WS
NWRC’s 2024 research accomplishments.

Jason Suckow
Director
National Wildlife Research Center
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Research Spotlights



NWRC can trace its roots back to 1885 and
USDA’s Division of Economic Ornithology.

NWRC researchers are dedicated to finding
biologically sound, practical, and effective solutions
for resolving wildlife disease and damage manage-
mentissues. The following spotlights showcase

our expertise and holistic approach to addressing
today’s wildlife-related challenges.

Celebrating 25 Years of
Research in Fort Collins

In June 2024, the NWRC celebrated the 25th
anniversary of the opening of its Wildlife Science
Building in Fort Collins, Colorado. The facility
serves as the main office and laboratory building
for the Center and is one of several buildings on
its 43-acre headquarters campus.

“The start of what was to become today’s NWRC
began much, much earlier than just 25 years ago,”
states NWRC Director Jason Suckow. “NWRC can
trace its roots back to 1885 and USDA's Division of
Economic Ornithology. This pioneering research
group focused on methods to control wildlife
damage to agriculture. Over time, names and
departments changed, groups merged, and
NWRC’s mission expanded.”

In 1959, the Center was called the Denver Wildlife
Research Center (DWRC), a name it kept until
1990. By the late 1980s, the DWRC had outgrown
its facilities at the Denver Federal Center and
needed a new home. In 1990, APHIS and CSU
signed a Memorandum of Understanding to
develop a new research facility on the CSU
Foothills Campus. Due to the expanding

national and international scope of its research,

anew name was chosen—the National Wildlife
Research Center. In 1995, NWRC’s first building
on campus—the Animal Research Building—was
completed and the first few employees from
offices at the Denver Federal Center started
moving to Fort Collins. In 1999, the 82,000 ft2
Wildlife Science Building opened for business.

“Many changes have occurred since 1999. Our
staff and mission have evolved and expanded. We
started with approximately 135 employees and
now have close to 200 employees. Our research
focusin 1999 centered on bird damage to
agriculture, predation damage management, and
product development. It now encompasses these
areas and more, such as wildlife disease, aviation
safety, economics, wildlife genetics, and invasive
species,” continues Suckow. “Now, the Center
houses staff for two WS national programs—the
National Wildlife Disease Program and the
National Feral Swine Damage Management
Program. Both support crucial, mission-critical
areas of expertise and operations within APHIS
and WS. I am excited to see what the next 25 years
holds.”

During the recent celebration, NWRC and col-
located national program employees were joined
by USDA APHIS Administrator Dr. Mike Watson,
Associate Administrator Dr. Donna Lalli, Associate
Administrator Michelle Wenberg, and WS Deputy
Administrator Janet Bucknall. The day’s activities
included a tour of the Center’s unique laborato-
ries and animal holding facilities, an employee
town hall, a picnic lunch, the placement of a time
capsule celebrating NWRC’s first 25 years in Fort
Collins, and a ribbon cutting ceremony for WS’
new Bio-Archive Storage facility.
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APHIS Administrator Dr. Mike
Watson does the honors of
cutting the ribbon at NWRC’s
grand opening of the new
WS Bio-Archive Storage
Facility. At capacity, the
facility will maintain over

5 million blood, tissue, and
other biological samples for
wildlife research. Photo by
USDA Wildlife Services, Gail Keirn

Supporting Future Research Through
Sample Archives

In addition to celebrating the Wildlife Science
Building’s 25th anniversary, NWRC employees
hosted a ribbon cutting ceremony for its newest
building, the WS Bio-Archive Storage (BAS)
facility. The BAS will likely become one of the
largest wildlife tissue archives of its kind in the
United States. It will include more than 100 ultra-
low temperature (-80°F) freezers with the capacity
to maintain over 5 million archived blood, tissue,
and other biological samples. Many of the
samples to be archived in the BAS were originally
part of other WS collections and were collected
from wildlife species throughout the United
States, Puerto Rico, Guam, and the U.S. Virgin
Islands. Most were collected by WS employees
and Federal and State partners for research or
disease monitoring efforts and surveillance of
severe acute respiratory syndrome coronavirus
2 (SARS-CoV-2), rabies, chronic wasting disease,
plague, tularemia, and avian influenza in wildlife
populations. The BAS will continue to expand its
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collection as new samples are taken and other
collections are incorporated.

“The samples stored in the BAS have great
historical and scientific value to WS, as well

as to conservationists, epidemiologists, and
researchers around the world,” concludes
Suckow. “They are an important source of
specimens for retrospective studies related to
wildlife disease, genetics, and populations. We're
looking forward to seeing what new discoveries
WS and our collaborators will make with the help
of this new facility.”

NWRC Employees Prepare for the
Future While Commemorating
Current Research

As part of the 25th anniversary celebration, NWRC
employees commemorated the Center’s recent
accomplishments by burying a time capsule

to be opened again in 2049. The time capsule
included summary cards highlighting NWRC’s
current research projects and units, as well as
collocated WS national programs. It also included



SARS-CoV-2 sample collection kit

“Squeal on Pigs” baseball cap and “Do Not
Move Feral Swine” signage

Vulture wing tags used to monitor black
vulture and turkey vulture movements

Solar-powered, flashing light-emitting diode
(LED) ear tag for livestock (called a flashtag)
used to prevent livestock depredation

Oral contraceptive bait (pellets) called
Ovocontrol-G used to contracept Canada
geese and Muscovy ducks; a factsheet,
registrations, and labeled syringe for GonaCon,
an injectable contraceptive vaccine registered
for deer, feral horses and burros, and prairie
dogs

Radio telemetry equipment for tracking
raccoons (LOTEK unit and antenna)

Goodnature A24 Rat + Stoat Trap

NWRC Accomplishments Reports from the
years 1999 and 2023

artifacts representing current wildlife damage
management tools and research equipment.

“Though no one really knows what the future
holds, | am confident NWRC employees will meet
future challenges with the same energy, determi-
nation, adaptability, and thoughtfulness as they
have in the past,” states NWRC Director Jason
Suckow. “They have already proven how valuable
their research is by bettering our understanding
and management of costly zoonotic diseases,
such as rabies, highly pathogenic avian influenza,
and SARS-CoV-2. They have harnessed new tech-
nologies, such as genome sequencing and other
genetic approaches, unmanned aircraft systems,
and nanoparticles, to develop new methods for
use in wildlife damage management.”

Recently, APHIS leaders used a technique called
“strategic foresight” to explore plausible future
scenarios and identify associated opportunities
and challenges. They identified ten trends and
key drivers that have the potential to impact
APHIS in the next 20 to 30 years. These included
a future where change is the only constant,

WS National Wildlife Disease Program

WS National Feral Swine Damage Management Program

NWRC Florida Field Station

NWRC Utah Field Station

NWRC Population Management Project

NWRC Rabies Project

NWRC Rodent Project

Director’s Office

where technology and science advance quickly,
and stakeholder networks expand and shift. As
challenging as this future may sound, NWRC’s
expertise and skills as a research organization
make APHIS better prepared to address it.

WS employees located at the
NWRC review summaries and
artifacts collected for a time
capsule. The time capsule
commemorates NWRC’s
recent accomplishments and
will be opened again in 2049.
Photo by USDA Wildlife Services,

Gail Keirn
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Collaborations

Conflicts between people and wildlife are
inherently difficult to resolve. They require a
strong understanding of animal behavior and
ecology, creativity to adapt and explore new
tools and techniques, and a sensitivity to social
values and concerns. To successfully address these
complex problems, institutions need to establish
collaborative partnerships involving experts from
awide range of scientific disciplines, management
organizations, and interested stakeholder groups.

As an organization, the NWRC exemplifies this
core collaborative strategy. Last year, 83 percent
of all NWRC studies included at least one outside
partner. In all, NWRC worked with hundreds of
State and Federal government agencies, non-
governmental organizations, universities, foreign
institutions, and private sector companies or
other groups. Each collaboration leveraged
assets, which together helped to improve the
success of our research and development efforts.

“Our most important collaborative relationship
is with our own WS Operational program,” states
NWRC Director Jason Suckow. “Each year, over

45 percent of NWRC’s studies are conducted in
cooperation with WS’ State and national programs.”

These collaborations are valuable for several
reasons. First, they draw on the diverse and
practical experience of WS’ knowledgeable field
biologists and specialists. Second, WS is well
connected to its regional stakeholders, and as

a result, offers important recommendations
about field study locations and local contacts
to enhance the success of our research efforts.
Third, these collaborations allow researchers to
test theirideas under practical wildlife manage-
ment scenarios, thus tying the research and
development process to its ultimate goal—to
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produce practical, economical, feasible, and
effective information, methods, and tools for use
in wildlife damage management.

WS Research and Operations Team
Collaboration Award

In 2024, WS announced the winners of its first WS
Research and Operations Team Collaboration
Award. Two winning teams were selected. Both
used advanced genetic approaches to gain
knowledge about wildlife populations and
inform operational activities. The collaborations
included WS professionals at multiple levels
from WS NWRC’s Wildlife Genetics and Rabies
Projects, multiple WS Operations State offices,
the WS National Rabies Management Program
(NRMP), and WS National Feral Swine Damage
Management Program (NFSDMP).

The first collaboration—comprised of the NWRC
Rabies Project, NRMP, and WS Operations in 23
States—established a raccoon (Procyon lotor)
genetic archive and rapid genotyping method as
part of enhanced rabies surveillance activities.
Since the 1990s, the NRMP has worked to
prevent the spread of the raccoon variant of
rabies virus (RV) in the Eastern United States.
Understanding the spatial movement of raccoon
RV and target reservoir populations is important
for monitoring and refining strategies supporting
the landscape-level control and local elimination
of this lethal pathogen. In partnership with the
NRMP, NWRC researchers established a raccoon
genetic archive to assist in identifying regional
raccoon populations in the Eastern United
States. NRMP wildlife biologists collected over
4,000 tissue samples across and in proximity

to oral rabies vaccination (ORV) zones, while
partners in Quebec and Ontario also contributed
samples to the raccoon genetic archive along the
northern edges of shared international borders,
to extend the identification and assignment



Resolving wildlife conflicts requires collaborative
partnerships with diverse experts.

of raccoon populations and movements and
inform raccoon RV management without borders
in the Eastern United States.

“We use these samples to identify management
units and migration corridors, as well as to infer
the geographic origin of rabid animals associated
with NRMP contingency actions,” states NWRC
supervisory research biologist and project leader
Dr. Amy Gilbert.

Researchers developed a rapid, high-throughput,
and cost-effective method for genotyping

the archive samples and created a database
representing 1,300 raccoons from across North
America. The method supports the NRMP’s
contingency planning and management actions
by identifying the geographic origins of rabid
animals that breach ORV zones, saving valuable
time and resources. For instance, a rabid raccoon
collected on Cape Cod, Massachusetts, in

2021 was associated with a NRMP contingency
action and NWRC researchers used the newly
established raccoon genetic archive to identify
the animal as a translocation from mainland
Massachusetts. The ability to efficiently assess
the genetic origin of this and other high priority
rabid animals can inform real-time management
decisions and reduce emergency response
operations and costs.

The second collaboration included experts with
NWRC’s Wildlife Genetics Project, NFSDMP, and
WS Operations in Missouri and lowa. In 2016,
NWRC initiated the development of a nationwide
feral swine genetic archive to determine the
origin of feral swine (Sus scrofa) located in
Missouri. Analysis showed that feral swine popu-
lations within Missouri were being supplemented

by the translocation of individuals from other
States. This knowledge informed legislation,
direct management actions, and prioritizations
of regional action in Missouri intended to curtail
feral swine movements into and within the
State. Since then, the WS Missouri/lowa program
has removed feral swine from two-thirds of the
watersheds that were once invaded by feral
swine. Removal efforts continue aided by the
development of Missouri-specific environmental
DNA (eDNA) criteria for determining the presence
or absence of feral swine on the landscape.

The NFSDMP continues to prioritize investing in
genetic research and the development of such
operational tools to help verify feral swine pres-
ence/absence and combat illegal translocation
of feral swine.

Collaborating with University Experts

NWRC often collaborates with university partners
to develop orimprove upon existing wildlife
damage and disease management tools.

In 2024, WS announced

the winners of its first WS
Research and Operations
Team Collaboration

Award. Two winning teams
were selected. Pictured:
Representatives from one of
the winning teams including
the National Feral Swine
Damage Management
Program and NWRC Wildlife
Genetics Project.

Photo by USDA Wildlife Services,
Gail Keirn
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NWRC partnered with
Purdue University
researchers to study how
Canada geese respond
to LED lights of different
wavelengths and pulse
frequencies. Findings could
help modify onboard
lighting systems to help
birds detect and avoid
approaching aircraft.
Photo by USDA Wildlife Services

For 18 years, researchers with NWRC’s Aviation
Safety Project have partnered with visual and
behavioral ecologists at Purdue University to
better understand how birds and other wildlife
detect and respond to aircraft and provide
insights into the development and use of visual
deterrents. Their primary goal is to develop new
tools and strategies for preventing collisions
between wildlife and aircraft. Using their
knowledge of bird visual systems, the team has
conducted a variety of experiments to determine
how the Canada goose (Branta canadensis) and
other bird species see various wavelengths of
light or respond to the approach of an aircraft.
Modifications to onboard lighting systems might
help to increase the distance at which birds detect
and move away from an approaching aircraft,
ultimately reducing the likelihood of collision.

“Birds see so much differently than humans do,”

states NWRC project leader Dr. Bradley Blackwell.

“So, we can’t translate our own perceptual
understanding to the problem of birds avoiding
aircraft. Instead, we think about birds’ anti-
predatory behavior and how we might apply
the visual and behavioral information to better
understand how birds respond to approaching
aircraft and different lighting treatments.”

In their most recent study, NWRC and Purdue
University researchers partnered with Rensselaer
Polytechnic Institute to develop a light stimulus
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of high chromatic contrast to the eyes of Canada
geese. Researchers then evaluated the birds’
avoidance or attraction responses to specific
LED lights of different wavelengths or pulse
frequencies (blue 483 nanometers (nm) versus
red 631 nm and steady versus pulsing at 2 Hertz
(Hz), respectively). Overall, Canada geese tended
to avoid the blue light and move towards the
red light; however, these responses depended
heavily on the number of light exposures.

“At the beginning of the experiment, geese
tended to avoid the red light. However, after
further exposure, the birds developed an attrac-
tion to the red light,” explains Blackwell. “The
response to the blue light generally followed a
U-shape relationship of avoidance, then attrac-
tion, then avoidance again as the number of
exposures increased.”

Lights pulsing at 2 Hz enhanced avoidance
responses under high natural light conditions,
whereas steady lights enhanced avoidance
responses under dim natural light conditions.

Researchers conclude that LED lights with
specific wavelengths of blue light might be
good candidates for deterring Canada geese.
Additionally, deterrent systems that automati-
cally modify the pulsing of the LED lights based
on the intensity of the natural light might also
increase bird avoidance behavior.

Sharing Knowledge and Expertise
Internationally

WS is known worldwide for its wildlife damage
management knowledge and expertise. Its
experts are often invited to speak internationally
on topics related to wildlife disease and One
Health, and rodent, feral swine, and predator
management. The NWRC also cooperates with
international organizations to develop, test,

and implement various tools and techniques

to reduce wildlife damage around the world.



Detecting and preventing wildlife disease,
increasing agricultural production, protecting
native ecosystems, and eradicating invasive
species are a few of the many challenges facing
scientists and natural resource managers across
the globe. NWRC researchers share their exper-
tise with international colleagues by providing
technical assistance and training. Past efforts
have included:

e Avianinfluenza surveillance training in Asia
e Canine distemper and rabies studies in Africa

e Beaver (Castor canadensis) damage mitigation
efforts in South America

More recent collaborations with a variety of insti-
tutions and colleagues in Australia have focused
on the development of a sodium nitrite toxic
bait for use on feral swine and the evaluation of
an oral bait vaccine to prevent a transmissible
cancer, known as devil facial tumor disease,

in endangered Tasmanian devils (Sarcophilus

harrisii)

Sodium Nitrite Toxicant

Since 2009, NWRC has been working with
Australian scientists and a private company to
evaluate the use of a microencapsulated form of
sodium nitrite to control invasive feral swine in
Australia, the United States, and other countries.
Sodium nitrite is a meat preservative commonly
used to cure meats, such as sausage and bacon.
When eaten in high doses over a short period of
time, it is toxic to feral swine.

Initial research focused on studies with captive
feral swine to determine the toxicant’s effective-
ness and humaneness. Scientists were also inter-
ested in the toxicant’s potential impact to other
species that could be accidentally exposed to the
bait. Tests showed that sodium nitrite degrades
quickly when exposed to environmental ele-
ments, such as microorganisms, sunlight, heat,

and moisture. Furthermore, most sodium nitrite
is broken down within the animal’s body before it
dies, making their carcasses safe for scavengers,
such as coyotes and vultures.

In 2018, the U.S. Environmental Protection
Agency (EPA) granted an Experimental Use
Permit for a field trial of the sodium nitrite bait
called HOGGONE®. Feral swine are messy eaters,
and during the field trial they spilled toxic bait

on the ground near bait stations. Researchers
noticed that bait crumbs left outside bait stations
by feral swine posed a risk to nontarget species,
mainly seed-eating birds.

“We worked with our Australian colleagues to
reformulate the bait to reduce nontarget risks
by increasing its palatability to feral swine and
reducing spillage,” explains NWRC supervisory
research wildlife biologist and project leader

Dr. Kurt VerCauteren. “We also reassessed our
baiting strategies and designed a durable, light-
weight, and reusable bait station that reduced
spills and prevented access to bait by nontarget
species.”

Although sodium nitrite is registered for use in
Australia and approved under permitin Canada
foremergency disease suppression, NWRC
research on methods to reduce secondary
hazards from sodium nitrite to nontarget species
in the United States continues.

“It's been rewarding to work with our Australian
counterparts on this challenging invasive species
issue,” concludes VerCauteren. “Their expertise
and unique perspectives helped us to improve
the product for use in our unique habitats and
wildlife communities in the United States.”

Rabies-style Oral Bait Vaccine

The Tasmanian devil is the largest carnivorous
marsupial. Since 1996, its population has
declined by about 80 percent, mainly dueto a

RESEARCH SPOTLIGHTS



NWRC researchers are
leveraging their knowledge
about rabies oral bait
vaccines to help Australian
colleagues develop an oral
bait vaccine for devil facial
tumor disease in Tasmanian
devils. Photo by Adobe Stock

transmissible cancer known as devil facial tumor
(DFT1) disease. In 2014, a second transmissible
devil facial tumor (DFT2) was discovered. DFT1
and DFT2 are nearly 100-percent fatal. Australian
scientists partnered with NWRC to evaluate a
potential rabies-style oral bait vaccine (OBV)
program for DFTSs.

Rabies OBVs have a long safety record. The
WS NRMP, which works closely with NWRC
researchers and other Federal, State, and local
partners, has been using an OBV approach to
control the spread of rabies virus in terrestrial
wildlife in the United States since 1997.

After evaluating the benefits and limitations of
various management options, the international
team recommended the development and
regional distribution of an OBV to limit the impact
of DFT1 and prevent DFT2 from spreading.

“An oral vaccine to combat DFT1 and DFT2in
Tasmanian devils is currently under development
in Australia,” states NWRC Rabies Project Leader
Dr. Amy Gilbert. “However, the success of an

OBV program to reduce or eliminate DFT in

devil populations will depend not only on the
effectiveness of the vaccine, but also the oral

NWRC ACCOMPLISHMENTS, 2024

bait formulation, field distribution and delivery
strategies, and continuous monitoring of DFT
prevalence in target populations and regions.”

Since 2021, NWRC and Australian collaborators
have been collecting preliminary data on bait
palatability, biomarkers, and bait uptake among
Tasmanian wildlife, including pilot testing an
automated bait station for devils.

The team tested placebo versions of com-
mercially available oral baits used for controlling
wild canids and invasive feral swine on mainland
Australia. They first offered baits to captive devils
to determine if devils would eat the bait and learn
more about their feeding behaviors. Researchers
then conducted limited field trials in select
habitats in southern Tasmania to assess bait
uptake by wild devils and nontarget species, such
as brushtailed possums (Trichosurus vulpecula).

Results showed that captive devils ate all types

of placebo baits but ate more of the ruminant
meat- and fish-based baits than cereal-based
baits. Captive devils also ate inert vaccine
capsules inserted into placebo baits. Field trials
showed that 53 percent of baits were removed
from bait stations, with 76 percent of the removals
occurring on the first night.

“Unfortunately, devils were suspected or
confirmed via trail cameras of removing only
about 7 percent of the baits, compared with 93
percent being removed by nontarget species,”
states Gilbert.

To improve upon these numbers, the team con-
ducted additional trials with an automated bait
dispenser designed to limit access by nontarget
species. This resulted in over 50 percent of the
baits being removed by devils.

“The outcomes of this study are promising and
lay the foundation for an OBV delivery system
for Tasmanian devils if an effective vaccine can
be developed. It’s rewarding to leverage our



OBV expertise to help this critically endangered
species,” concludes Gilbert.

Next Steps—With funding from the Australian
Research Council and Ceva Wildlife Foundation,
NWRC continues to partner with the University of

Tasmania, government scientists, and industry . L
WS’ Attending Veterinarian

to advance studies on the captive experimental encourages a white-
immunogenicity and safety testing of oral vaccine tailed deer fawn into a
weighing chute at NWRC’s

baits for Tasmanian devils and limited field trial Outdoor Animal Research
Facility. Researchers are
investigating the potential
for CWD transmission

via natural exposure to a
previously contaminated

environment. Photo by USDA

evaluations in Tasmania for control of DFT disease.

Update on Chronic Wasting
Disease Research

Chronic wasting disease (CWD) is a fatal, transmis-
sible neurological disease of cervids, including
deer, elk, moose, and reindeer. It presents a
significant challenge to wildlife managers and
conservationists in the United States and Canada,
as well as Norway, Sweden, and Finland. It also
has ecological, economic, and cultural impacts,
affecting numerous stakeholders and costing

the U.S. economy tens of millions of dollars

each year. Concerns about these impacts drive
research that aims to reduce the spread of CWD
and facilitate the management of healthy cervid
populations.

From 2002 to 2019, NWRC was active in CWD
research, conducting more than 100 basic and
applied studies on deer and elk to help mitigate
CWD transmission. Results from this research
helped to inform management and guide addi-
tional studies, such as those underway today.

NWRC’s CWD efforts were renewed in 2023 with
the creation of a new CWD research project and
the establishment of a state-of-the-art prion
laboratory. This spotlight describes the Center’s
ongoing efforts to develop new tools and
techniques to aid in CWD management.

Wildlife Services, Gail Keirn

Investigating Prion Persistence

CWD is caused by prions, which are misfolded,
infectious forms of normal proteins. In infected
animals, these prions accumulate in the central
nervous system overtime, leading to progressive
neurodegeneration, loss of coordination and
body condition, and eventually death. CWD is not
known to infect people.

“CWD prions can remain infectious in the environ-
ment for many years, though the exact period

of persistence is unknown,” states NWRC CWD
Project Leader Dr. Jennifer Malmberg.

NWRC’s headquarters campus in Fort Collins

is located within the CWD endemic region

of northeastern Colorado and includes a
double-fenced enclosure from which cervids
have been excluded for approximately 20 years.
Malmberg and her team obtained four newborn
CWD-negative white-tailed deer (Odocoileus
virginianus) fawns for a study in the outdoor
enclosure that investigates the duration of prion
persistence and the potential for transmission
through environmental exposure.

Over the next several years, the deer will be
sampled and tested for CWD every 6 months via
rectal biopsy. Animals will also be tested at the
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Researchers collect tissue
and blood samples and place
GPS collars on mule deer as
part of a multi-year CWD
study in Nebraska.

Photo by USDA Wildlife Services,
Jennifer Malmberg

onset of observable clinical signs consistent with
CWD. The goalis to assess the risk of environ-
mental transmission after roughly two decades
of cervid exclusion. Findings from this study will
address a critical knowledge gap pertaining to
CWD transmission and prion persistence.

“Multiple factors influence the probability of
environmental transmission, including clay
content of the soil and level of exposure over
time. This study will help characterize the risk of
transmission through natural routes of exposure
in CWD endemic regions,” states Malmberg.

Tracking CWD in Wild Deer Populations

As of December 2024, CWD has been detected
in free-ranging cervids in 35 U.S. States and 4
Canadian provinces and continues to spread
in North America, Europe, and Asia. Tracking
and understanding the spread of the disease
in America’s elk and deer is critical for effective
management.

The NWRC CWD Project conducts both field and
laboratory studies focused on the development
of new tools and techniques to aid in CWD detec-
tion and management. As part of a multi-year
study, NWRC researchers are partnering with the
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Nebraska Game and Parks Commission and CSU
to investigate the causes of mule deer (Odocoileus
hemionus) mortality in Nebraska, as well as mule
deer movement, behavior, and resource selection
to optimize CWD detection tools.

“Nebraska is home to an estimated 100,000 to
140,000 mule deer that are highly valued as a
natural resource and as a vital source of State
revenue,” states NWRC CWD Project Leader Dr.
Jennifer Malmberg. “This study will help us to
better understand mule deer survival in the State
and determine the impact of CWD on mule deer
populations. We also hope to learn more about
CWD’s impact on other sources of mule deer
mortality, such as predation, vehicle collisions,
and winterkill. Forinstance, research in Colorado
has shown that mountain lions (Puma concolor)
selectively prey on CWD infected deer””

Starting in 2024, researchers live-captured 60
mule deer in the Nebraska Panhandle where CWD
prevalence rates in mule deer are approximately
16 to 30 percent. This year, they hope to capture
an additional 80 deer for the study. Global
positioning system (GPS) collars were placed

on the deer and tissues were collected for CWD
testing. Over the next couple of years, data from
the collars, as well as direct observations and

trail cameras, will be analyzed to assess how deer
movement and behavior impact the risk of CWD
transmission among deer. Deer mortalities will
be investigated to determine cause of death and
carcasses will be tested for CWD.

“We hope to unravel some of the mystery around
the disease and its impact on deer populations.
Are infected deer more susceptible to other forms
of mortality? Are there mortality “hotspots” on

the landscape? Do infected deer select resources,
such as habitats, differently? Do they behave dif-
ferently?” states Malmberg. “Knowing the answers
to these questions can help wildlife managers
optimize CWD monitoring and surveillance.”



NWRC’s CWD research focuses on the development of new
tools for detecting infectious prions and identifying the
underlying mechanisms influencing CWD transmission.

Improving Early Detection of CWD
in Deer

In 2023, NWRC opened a new state-of-the-art
prion laboratory. The lab is equipped with
specialized instruments that facilitate research
and development of prion detection methods.

“We can run CWD tissues, such as brain and
lymph nodes,” states NWRC research biologist
and lab manager Dr. Lindsay Parrie. “But we are
really interested in developing more sensitive live
tests that can detect prions as early as possible

in other deer tissues, blood, or nasal swabs. CWD
monitoring efforts would also benefit from new
tools and techniques that identify and measure
CWD prions in the environment, such as in soil
and plants.”

Current CWD surveillance techniques are
limited to diagnostic immunoassays, such

as the enzyme-linked immunosorbent assay
(ELISA) and immunochistochemistry, that
require samples collected from a deer’s obex
(brainstem), medial retropharyngeal lymph
node, and in limited instances the recto-anal
mucosa-associated lymphoid tissue (rectum).

Parrie and othersin NWRC’s prion lab are
exploring ways to optimize prion amplification
assays, such as the real-time quaking-induced
(RT-QuIC) assay which is amenable to a variety of
biological and environmental samples. RT-QuIC
allows for the massive amplification of the prion
protein in a sample making the test approximately
10,000 to 10 million times more sensitive than the
ELISA. RT-QuIC s also much faster (1-2 days) than
immunohistochemistry, which can take weeks,
making RT-QuIC more practical for research.

NWRC researchers have used RT-QuIC to detect
CWD prions in mule deer ear tissues, nasal swabs,
rectal biopsies, and fecal samples. Ongoing work is
focused on further optimizing each sample type for
maximum sensitivity and specificity.

Next Steps—The CWD Project will build on
existing studies and continue to investigate CWD
across different scales, from the protein level

to population and landscape levels. An influx

of tissue samples from deer and elk harvested
by hunters in late 2024 will add to the team’s
tissue archive and support current and future
research. In early 2025, researchers plan to

live-capture, sample, and collar additional mule In NWRC’s new prion
laboratory, researchers are

exploring ways to optimize
population study. Researchers are also planning ~ methods for amplifying

btai . l ; . and detecting CWD prions
to optain a transgenic mouse colony for use in in various biological and

bioa ssays. environmental samples.
Photo by USDA Wildlife Services

deerin Nebraska as part of their long-term deer
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2024 Accomplishments
in Brief

A WS disease biologist prepares

to collect samples from captured
mallards (Anas platyrhynchos) in
Alaska as part of WS’ annual avian
influenza surveillance effort.

Photo by USDA Wildlife Services, Kelsey Weir



Resolving wildlife conflicts requires collaborative
partnerships with diverse experts.

NWRC employs about 200 scientists, technicians,
and support staff who are currently devoted to
16 research projects and 6 support units (see
Appendix 1). Below are additional summaries of
select findings and accomplishments from 2024.

Devices

* Mongoose Bait Station. Small Indian
mongooses (Urva auropunctata) are an
invasive predator impacting native species in
Hawaii and other parts of the world. To aid in
mongoose control efforts, NWRC researchers
at the Hawaii Field Station developed and
evaluated three prototype bait stations for
use with mongooses that encourage bait
consumption in place and restrict bait access
by nontarget species. The bait station protypes

T

were constructed with polyvinyl chloride (PVC)
drainage pipes to keep costs low and improve
their durability in tropical environments. A
commercially available tamper-resistant
rodenticide bait station was also evaluated

for comparison. Researchers used a nontoxic
formulation of an experimental fish-based
toxicant bait and monitored bait station use,
visitation rates, bait uptake, and spillage by

captive and free-ranging mongooses in Hawaii.

All four bait station prototypes were used by
captive mongooses in the laboratory. One PVC
bait station prototype and the commercial
bait station were used by multiple free-ranging
mongooses with minimal bait spillage in the
field. Nontarget species captured on camera
at bait station sites during the field trials were
all nonnative species. Only one individual,

Wing Nut Fasteners

9 inches

16 inches

Threaded PVC Top

Threaded Rod

Bait Pieces

Washers

PVC Tubing (4 inches)

ﬂ_i PVC Elbow Joint

\/ Plastic Barrier

14 inches

A new PVC bait station

has been approved for use
during field efficacy trials of
a toxicant bait for invasive
small Indian mongooses

on Hawaii. The bait station
design restricts access by
nontarget animals.

Photo by USDA Wildlife Services
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In 2024, NWRC researchers
published a comprehensive
review of chemical bird
repellents used for crop and
resource protection.

Photo by USDA Wildlife Services,
Scott Werner

a Polynesian rat, accessed the bait station.
The PVC bait station design and commercial
bait station have been approved for bait
delivery during field efficacy trials of the toxic
fish-based bait for mongooses under an EPA
Experimental Use Permit.

Contact: Steve Hess

Pesticides and Repellents

* New Publication Summarizes Chemical

Bird Repellents. More than 1,400 chemicals
have been evaluated for use as bird repellents
since 1948. Today, there are 17 registered bird
repellent products in the United States for five
active ingredients: anthraquinone, capsaicin,
methiocarb, methyl anthranilate, and polybu-
tene. To help aid in the future discovery and
development of active ingredients and repel-
lent products, NWRC researchers conducted
a comprehensive review of chemical bird
repellents used for crop and resource protec-
tion. The publication titled Applications of
chemical bird repellents for crop and resource
protection: a review and synthesis, includes
results for all bird repellent tests published

in English, current U.S. patents, and current
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U.S. registrations. Researchers also rated each
repellent’s relative effectiveness to allow for
comparison among repellent chemicals.
Future research and development of chemical
bird repellents will likely include biopesticides
(i.e., pesticides derived from natural materials)
and pesticides that are already registered for
human food use.

Contact: Scott Werner

Other Chemical and
Biological Methods

¢ Measuring the Distribution of

Nanoparticles in Tissues and Organs. A
nanoparticle or ultrafine particle is a particle of
matter that is 1 to 100 nanometers in diameter
(a strand of human hair is approximately
80,000 to 100,000 nanometers wide).
Nanoparticles occur widely in nature and are
objects of study in many sciences, such as
chemistry, physics, geology, and biology. They
are used in medicine to encase therapeutic
agents and can deliver and release drugs or
other compounds to specific tissues. NWRC
and Kansas State University researchers
recently developed a method for measuring



the distribution of magnetic iron nanopar-
ticles in the tissues and organs of mice. The
nanoparticles were injected intravenously or
intraperitoneally (within the abdomen) or fed
orally to mice. The magnetic nanoparticles
allowed collection of branched amphiphilic
peptide-coated magnetic nanobeads (BAPc-
MNBs) from multiple organs by magnetic
bead sorting, followed by a high-throughput
screening for iron content. When injected
intravenously, nanoparticles were distributed
widely to various organs before they were
eliminated from the system via the intestines
in feces. The spleen accumulated the highest
amount of BAPc-MNBs in mice when admin-
istered intravenously and intraperitoneally
using nanoparticles. Long-term goals of this
and similar research are to develop methods
for using nanoparticles in wildlife damage
management, such as to deliver toxicants or
fertility control agents. Because toxicants and
fertility control agents are often delivered in
an oral bait, they need to be protected from
the harsh environment of the digestive tract.
Nanoparticles can achieve this by physically
encasing the compounds or chemically
making them resistant to breakdown.

Contact: Katherine Horak

Using Genetics to Combat Illegal
Movement of Feral Swine. The illegal move-
ment of feral swine (also known as wild pigs)
for hunting purposes has contributed to their
rapid expansion across the United States over
the past 40 years. Feral swine are now reported
in at least 35 States. To help curb the spread of
these invasive animals, multiple States have
passed laws prohibiting their possession or
transport. However, the similarities between
domestic pigs and invasive feral swine pose

a challenge to the enforcement of these
regulations. It can be difficult to distinguish

a domestic pig from an invasive feral swine
just by looking at them. Genetic analysis has
shown that most invasive feral swine (about
97 percent) in the United States are wild boar-
domestic pig hybrids. NWRC researchers and
partners are exploiting the wild boar ancestry
found in most invasive feral swine to differen-
tiate them from domestic pigs. Approximately
1,400 samples from 33 domestic breeds and
16 wild boar populations were genotyped and
sorted into five genetically cohesive reference
groups: mixed-commercial breeds, Durocs,
heritage breeds, primitive breeds, and wild
boar. Then, researchers used well-established
genetic clustering techniques to evaluate the
likelihood that any given genotype descended
strictly from one of the domestic pig reference
groups. The technique allows wildlife man-
agers and law enforcement officials to collect a
genetic sample from a captured pig, genotype
it, and determine how likely it is that the pig
descended from one of the domestic breed
lineages, a pure wild boar lineage, or a hybrid
of the two. Researchers evaluated the discrimi-
natory power of this approach using simulated
genotypes and real data from an additional 29
breeds of domestic pigs and more than 6,500
invasive feral swine samples. All the simulated
and real data from domestic pigs fell within
the statistical distribution of the domestic pig
reference groups, while 74 percent of the feral
swine data exceeded the maximum threshold
for the domestic pig reference groups and
could be statistically classified as having wild
boar ancestry. This new genetic and statistical
approach will help curtail illegal translocations
of invasive feral swine which is an important
part of reducing their spread and damage to
the economy and the environment.

Contact: Tim Smyser
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NWRC and Colorado State
University researchers found
that although snail tissues
can contain avian influenza
Aviruses, the probability

of the viruses being
transmitted to waterfowl
when they eat infected snails
is short-lived.

Photo by Adobe Stock

¢ Genetic Tracking of a Rabid Coyote. In May

2022, a coyote (Canis latrans) infected with
the raccoon rabies virus variant (RRV) was col-
lected in Lewis County, West Virginia, an area
free from RRV. To help the NRMP to determine
where the coyote contracted rabies and inform
emergency response management decisions,
NWRC collaborated with Princeton University
researchers to apply coyote population
genomics, and independently with the U.S.
Centers for Disease Control and Prevention on
the RRV phylogenetic analyses to determine
the most likely geographic origin of the rabies
virus infecting the coyote. When responding to
outbreaks of RRV in naive areas, it isimportant
to determine if the rabid animal was locally
infected or if it recently immigrated to the area
because of natural movements or human
translocation. The coyote genomic analyses
leveraged information collected by Princeton
University from populations across multiple
eastern States bordering West Virginia, with
the probable origin of the rabid coyote

being the local county of collection. The RRV
phylogenetic analyses included cases detected
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from West Virginia and neighboring States,
with most similar RRV sequences collected

in a county 80 kilometers (50 miles) to the
northeast, within the ORV zone. The combined
results suggested that the coyote was infected
with RRVin a management area and may

have naturally dispersed to Lewis County,
consistent with coyote ecology. Cross-species
transmission and movement of RRV to a naive
area generally presents a low risk for onward
transmission in local raccoon populations. The
host and virus source tracking and estimation
from this event helped with emergency
response decision making, thereby saving the
NRMP time and resources given the low risk
for spread in raccoon populations within Lewis
County.

Contact: Matt Hopken

Disease Diagnostics,
Surveillance, Risk
Assessment, and
Management

¢ Influenza A Virus in Freshwater Snails—
Risks to Waterfowl? Waterfowl infected with
avian influenza A viruses (IAVs) shed infectious
virus into ponds, lakes, and other water bodies,
exposing not only waterfowl to the virus but
also other aquatic creatures. For example,
aquatic invertebrates, such as freshwater
snails, likely encounter IAVs in the water and
sediment. Because snails are prey for many
waterfowl species, NWRC and CSU researchers
conducted a series of captive studies to deter-
mine if snails accumulate IAVs in their tissues
and potentially spread them to waterfowl. In
laboratory experiments, tadpole snails (Physa
spp.) were exposed to a low pathogenic H3N8
virus to determine whether snails accumulate
the virus and, if so, how long the virus persists



in their tissues. Results showed that tadpole
snails accumulate IAV ribonucleic acid (RNA)
in their tissues for at least 4 days. The level of
IAV RNA detected in snail tissues declined over
time. Researchers conclude that although
snail tissues can contain AV, the probability of
the virus being transmitted to waterfowl when
they eat infected snails is short-lived. Direct
exposure to infectious IAV through water is
more likely. In habitats with flowing water, such
as rivers and streams, researchers hypothesize
that IAV concentrations may be higherin
aquatic invertebrates and sediment versus the
surrounding water.

Contact: Jeff Root

Environmental Transmission of IAVs to
Mallards. Wild birds are the natural reservoir
hosts of IAV. Highly pathogenic strains of IAVs
pose risks to wild birds, poultry, and human
health. Understanding how these viruses are
transmitted between birds is critical. NWRC
researchers experimentally infected mallards
with IAV then exposed several naive mallard
contact ducks to the experimentally infected
ducks. The goal was to estimate the probability
that a contact duck would become infected
from either exposure to the virus shed directly
from an infected duck or via shared water
contaminated with the virus from an infected
duck. Findings showed that environmental
transmission from contaminated water best
predicted the probability of transmission to
naive contact ducks. Relatively low levels of
virus in the water were sufficient to cause
infection and the probability of a naive duck
becoming infected varied over time. These
results highlight the need to consider environ-
mental sampling in IAV surveillance.

Contact: Kim Pepin

® SARS-CoV-2 in White-tailed Deer. The
emergence of SARS-CoV-2 (the virus that
causes COVID-19) in free-ranging white-tailed
deer poses a unique public health risk due to
the potential for the virus to persist, evolve,
and spillback to humans. Starting in 2020,
SARS-CoV-2 was found in white-tailed deer.
By 2021, there was evidence of regional
transmission in deer through a combination
of ongoing deer-to-deer and human-to-deer
transmissions. The WS National Wildlife
Disease Program (NWDP) and its State partners
continue to conduct SARS-CoV-2 surveillance
in white-tailed deer across the species’ range
and examine the virus’ evolutionary patterns.
To aid in the development of future pathogen
prevention and response plans, NWRC and
university researchers partnered with NWDP
experts to identify factors that influenced
local and regional SARS-CoV-2 outbreak sizes
and timing in white-tailed deer populations
between October 2021 and March 2022 in the
United States. Researchers discovered that
deer SARS-CoV-2 outbreaks were characterized
by a single epidemic peak followed by fade
out. Outbreaks peaked early in the northeast
and mid-Atlantic. The expected number of
subsequent deer infection cases directly

The WS National Wildlife
Disease Program and its
state partners continue

to conduct SARS-CoV-2
surveillance in white-tailed
deer across the species’
range and examine the virus’
evolutionary patterns.

Photo by USDA Wildlife Services
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generated by one infected deer (also known
as reproduction ratio) was between 1 and

2.5, and infection trends in humans may have
contributed to about 10 percent of infections
in deer. This, together with the similar peak
infection prevalence times across many
counties and single-peak outbreak dynamics
followed by fade out, suggest that widespread
transmission via human-to-deer spillover may
have been an important driver of the patterns
and persistence. This research provides a
framework for inferring population-level
disease processes from landscape-scale sur-
veillance data comprised of sparsely observed
local outbreaks.

Contact: Kim Pepin

Experimental Infection of SARS-CoV-2 in
Elk and Mule Deer. Natural infections and
experimental studies by researchers across the
country have shown that a variety of mammal
species can be infected with SARS-CoV-2. The
implications to human and animal health
could be substantial if these species are able
to serve as maintenance hosts for the virus.
Research by NWRC and partnering agencies
has already shown white-tailed deer to be sus-
ceptible to the virus (see SARS-CoV-2 in White-
Tailed Deer above). Evaluating the suscepti-
bility of other cervid species to SARS-CoV-2 will
help inform wildlife surveillance efforts which
are key to understanding the epidemiology

of SARS-CoV-2 and implementing control
measures. NWRC and CSU researchers per-
formed experimental infections to assess the
susceptibility of elk (Cervus canadensis) and
mule deer to the Delta variant of SARS-CoV-2.
Nasal, oral, and rectal swabs, and blood and
tissue samples were collected from animals
for up to 21 days following inoculation. Elk

did not shed infectious virus and showed low
levels of antibodies in blood samples. Mule
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deer, however, shed and transmitted the virus
and showed high levels of antibodies in blood
samples. These studies revealed that although
elk are minimally susceptible to infection,
mule deer become infected, shed infectious
virus, and can infect naive contacts. Mule deer
are less widely distributed than white-tailed
deer but still represent a population of cervids
thatis frequently in contact with humans and
domestic animals. Therefore, susceptibility

of mule deer provides yet another potential
source for SARS-CoV-2 spillover or spillback.
At this time, there is no evidence that wildlife
is a significant source of SARS-CoV-2 exposure
for humans, but the potential for this virus

to become established in novel host species
could lead to virus evolution in which novel
variants may arise. Therefore, continued
surveillance of species at risk, such as white-
tailed and mule deer, is needed to detect any
variants quickly and prevent transmission.

Contact: Jeff Root

CWD Surveillance Using Deer Scrapes.
White-tailed deer have a unique breeding
season behavior called scraping, where

they deposit urine and saliva at shared sites.
Since both these fluids can contain CWD
prions (infectious misfolded proteins), scrape
sites could be targeted for environmental
surveillance of CWD. To examine this potential,
NWRC and university researchers monitored
deer behavior and collected environmental
samples from 105 scrape sites at the center
of the CWD zone in southwestern Tennessee,
where CWD prevalence is approximately

50 percent. They also sampled scrapes in
northern Mississippi at the leading edge of
the same CWD distribution zone to test the
potential for early CWD detection. Findings
showed 218 unique buck visits to 105 scrape
sites with individual bucks visiting an average



of approximately 6 scrapes each. Analysis of
environmental samples collected at scrape
sites showed prion seeding activity in 20
percent of the soil and 41 percent of the licking
branches at the sites within the CWD study
area. Twenty-five percent of the soil and 11
percent of the licking branches at scrape sites
sampled at the edge of the known CWD range
were positive for prion seeding. Researchers
concluded that white-tailed deer scrapes
could serve as early warning sentinel sites for
CWD surveillance by testing soil and licking
branches for prion seeding activity, especially
in areas with limited access to harvested deer
samples.

Contact: Kurt VerCauteren

Vaccination Strategies for Eliminating
Bovine Tuberculosis in Deer. Globally,
varying wildlife species serve as reservoirs for
bovine tuberculosis (bTB) and can transmit the
disease to cattle and humans. In the United
States, bTB is endemic in white-tailed deerin
northeastern lower Michigan and occasionally
spills over to cattle. Using a disease transmis-
sion model, NWRC researchers worked

with Michigan State University, Michigan
Department of Natural Resources, and WS
Michigan Operations experts to evaluate the
effects of varying vaccination and harvest strat-
egies to reduce and eliminate bTB from deer
populationsin Michigan. The model showed
that vaccination using an oral bTB vaccine

bait effectively reduced disease prevalence,
especially when combined with increased
harvest. Vaccination was effective even with
low (30 percent) to moderate (60 percent)
vaccine coverage of the susceptible and
exposed deer population. Key vaccine proper-
ties for reducing and eliminating disease in the
local deer population were vaccine coverage
and efficacy. While complete elimination

is challenging, sustained vaccination and
improved vaccine effectiveness are crucial for
long-term disease management.

Contact: Kurt VerCauteren

Breaking the Brucellosis Cycle Through
Contraception. Every winter when snow
levels are deep, hundreds of bison (Bison
bison) migrate out of Yellowstone National
Park in search of milder conditions and food.
Their movement out of the park, and subse-
quent efforts to manage it, are controversial.
Livestock producers and landowners near
Yellowstone National Park are concerned
about the spread of brucellosis and property
damage. Bison, elk, and cattle can carry and
spread Bison brucellosis, a bacterial disease
cause by Brucella abortus. It is primarily
spread through contact with tissues and fluids
associated with abortions and infectious
calving events. The disease can decrease
milk production and animal weight and
cause spontaneous abortion or infertility. The
National Park Service, APHIS, and other State,
Tribal and non-profit groups have historically
limited bison expansion outside of the park
and subjected animals to capture-and-
quarantine, hazing, or lethal removal. To find
new ways to reduce the spread of brucellosis
in bison, NWRC researchers partnered with
APHIS Veterinary Services and CSU to assess
whether reducing pregnancy using GonaCon,
a gonadotropin-releasing hormone (GnRH)-
based immunocontraceptive, could reduce B.
abortus shedding in treated bison herds. In a
multi-year study, researchers discovered that
naturally infected B. abortus-positive female
bison that were treated with a single dose of
the immunoncontraceptive produced fewer
offspring than nontreated female bison over 5
reproductive years. Successful contraception
of these bison also prevented the shedding
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Bison brucellosis is primarily
spread among bison, elk,
and cattle through contact
with tissues and fluids
associated with

abortions and infectious
calving events.

Photo by Adobe Stock

of B. abortus by individual animals. However,

it was also found that a single breakthrough
pregnancy could result in shedding events with
the potential to transmit B. abortus to many
other susceptible individuals. This means that
to significantly reduce disease prevalence,
managers will need a longer-lasting contracep-
tive with high efficacy. Researchers note the
results were promising and indicate that
contraception could potentially be used to
manage brucellosis in affected herds.

Contact: Doug Eckery

Management of Raccoon Rabies in Rural
Versus Urban Environments. ORVY programs
have successfully controlled and eliminated
RRV in rural areas but remain challenging in
urban areas likely due to higher raccoon densi-
ties, smaller home ranges, and fragmented
habitats. NWRC researchers partnered with
the WS NRMP and the University of Vermont
to study the proportion of raccoons in the
population that have rabies virus neutralizing
antibodies (RVNA) during a 3-year ORV field
trial across low, medium, and high develop-
ment intensity areas of Burlington, Vermont.
During the study, more than 2,200 animals,
including 902 raccoons and 275 nontarget
opossums (Didelphis virginiana), were trapped
and sampled. Raccoon population RYNA
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seroprevalence decreased with increasing
raccoon abundance but increased as the
average age of the raccoon population
increased. In the low development areas,
raccoon RVNA seroprevalence decreased as
the number of nontarget opossum captures
increased, suggesting that opossums may be
competing with raccoons for ORV baits in these
areas. The target bait density across the entire
study area was 150 baits/km?, which is com-
monly used in urban areas with higher raccoon
densities. Bait distribution was planned across
a 219 km? area within six grids (each averaging
approximately 37 km?) and concentrated
along roadway access, which resulted in spa-
tially uneven baiting densities across the study
area. Researchers conclude thatincreasing
the ORV bait density and using smaller grids
for hand distribution in developed areas may
resultin greater bait uptake by raccoons and
population immunity.

In a simulation modeling study, NWRC

worked with university and agency partners

to evaluate the effectiveness of different

rabies vaccination strategies (i.e., ORV hand
baiting, helicopter bait drops, and bait stations
compared to trap-vaccinate-release (TVR)) for
raccoons in urban environments in Canada.
NWRC and Southern lllinois University
researchers simulated 560 vaccination strategy



designs that combined different ORV and TVR
approaches based on the RRV control program
of the Ontario Ministry of Natural Resources
and Forestry. They also explored how varying
levels of intervention impacted the success of
the different approaches. Baiting data were
overlaid with simulated raccoon population
movements to estimate the proportions of the
raccoon population immunized through the
various vaccination strategy designs. Efficiency
and costs were also calculated for the different
designs. Estimated raccoon seroprevalence
across different vaccination strategies varied
widely, ranging from less than 5 percent to
more than 70 percent. Increasing ORV bait
densities led to a negligible increase in raccoon
seroprevalence. Helicopter ORV was the

most efficient and TVR was the least efficient
strategy. However, helicopter-only based

ORV resulted in lower seroprevalence (6 to 12
percent) than strategies which included some
TVR effort (17 to 70 percent). The simulations
and cost comparisons indicated that a mixed
strategy operation including TVR may be the
most efficient approach for raccoon rabies
control and elimination in developed areas of
eastern North America.

Contact: Amy Gilbert

Natural Exposure to Rabies and
Population Densities of Small Indian
Mongooses. In the continental United States,
ORVis used to control and eliminate specific
rabies virus variants naturally maintained

by small to medium-sized carnivores (e.g.,
raccoons, skunks, foxes). ORV is also being
considered as a potential tool to mitigate and
control rabies virus circulation and spillover
exposures associated with small Indian
mongooses in Puerto Rico. NWRC researchers
worked with the WS NRMP and WS Operations
staffin Puerto Rico to live-trap free-ranging

mongooses to estimate population densities
across different habitats and sample for RVNA.

RVNA can be used to measure natural
exposure to rabies virus or post-vaccination
seroconversion rates in targeted wildlife popu-
lations. Researchers collected blood samples
from 464 mongooses across six habitat types:
dry grasslands and pastures, mangrove forest
and shrubland, mature primary Tabonuco

and secondary montane wet non-calcareous
evergreen forest, hay and row crops, season-
ally flooded herbaceous non-saline wetlands,
lowland dry limestone shrubland, and moist
grasslands and pastures. Overall, 17 percent of
the mongooses tested seropositive for RVYNA,
with the greatest proportion of those collected
from moist grasslands and pastures, season-
ally flooded herbaceous non-saline wetlands,
and mature primary Tabonuco and secondary
montane wet noncalcareous evergreen forests.
Interestingly, the grassland and pasture habitat
comprised 68 percent of the total samples, but

Seventeen percent of the
invasive small Indian
mongooses captured and
tested for rabies virus-
neutralizing antibodies on
Puerto Rico were positive.
Photo by USDA Wildlife Services,
Mel Rivera-Rodriguez
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mongoose RVNA seroprevalence in this habitat
was among the lowest estimated. Sixty-eight
percent of RVNA seropositive mongooses were
male. This may be influenced by the larger
home range sizes of male mongooses, which
likely impacts contact rates and the potential
for rabies virus transmission and exposures.
The results shed light on natural rabies virus
exposures in mongoose populations across
habitats and furthers our understanding of
the spatial variability of mongoose rabies virus
transmission.

For population density estimates, mongoose
habitats were grouped into four categories:
broad-leaved evergreen forest, flooded shrub/
herbaceous cover, grassland, and agriculture.
Mean mongoose population densities were
greater in broad-leaved evergreen forest
habitat (205 mongooses/mi? 79 mongooses/
km?) compared to the other categories. No
seasonal variation in mongoose population
densities was documented between the wet
(May-November) and dry (December-April)
seasons. Findings suggest that mongoose
population densities may vary across habitats
and multiple ORV applications may be needed
every year to reach population immunity
thresholds for control, particularly in forested
habitats with high population densities and
rapid population turnover.

Contact: Are Berentsen

Home Range Overlap between Small
Indian Mongooses and Free Roaming
Domestic Dogs in Puerto Rico. The first
laboratory confirmed case of rabies in
mongooses in the Western Hemisphere was in
Puerto Rico in 1950. Following this initial mon-
goose case, several cases of rabies in domestic
animals, including dogs, were reported across
theisland. In 2021, mongooses accounted for
more than 70 percent of the reported animal
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rabies cases in Puerto Rico, whereas domestic
dogs represented 18 percent of positive cases.
To gain insights about the potential for rabies
virus transmission between the two species,
NWRC collaborated with University of Montreal
researchers to estimate home range sizes

and space-use overlap from GPS-collared
mongooses and free roaming domestic dogs
(FRDD) in Puerto Rico. Home range estimates
for male and female mongooses were 1.45
+0.21 km?and 0.60 + 0.14 km?, respectively.
Mongooses favored dry forests and shrub-
lands, and tended to avoid brackish water
vegetation, salt marshes, barren lands, and
developed areas. FRDD home ranges varied
widely from 0.13 to 2.85 km? and were likely
impacted by the availability of human pro-
vided food and other resources. Home ranges
among mongooses overlapped extensively,
whereas overlap between the mongoose

and FRDD home ranges varied. Researchers
observed more limited movements of FRDD
near human residences, which may lessen the
chance for interactions with mongooses and
potential exposures to rabies virus. Feral FRDD
may have greater home ranges and risks of
exposure to mongoose rabies, yet these dogs
also avoided areas near human residences.
Responsible dog ownership, including
restricting the movements and maintaining up
to date rabies vaccination of owned animals,
remains the best ways to mitigate human risks
of exposure to mongoose rabies from dogs in
Puerto Rico.

Contact: Are Berentsen

African Swine Fever and Feral Swine.
African swine fever (ASF) causes significant
illness and death in both domestic and feral
swine, and disease outbreaks resultin high
economic costs to impacted industries due to
loss of animals, the cost of culling exposed/



infected animals, and trade restrictions. The
co-occurrence of domestic and feral swine
significantly complicates ASF management
given the potential for wild populations to
serve as persistent sources for disease spillover
into domestic herds. The introduction of ASF
into domestic swine herds in the United States
would require a response focused on contain-
ment, culling, and contact tracing. However,
detection of ASF among invasive feral swine
would require a far more complex and inten-
sive response given the challenges of detec-
tion, containment, and ultimately elimination
among wild populations. NWRC researchers
partnered with NFSDMP and APHIS Veterinary
Services experts to describe the state of the
science available to inform preparations for
an ASF response among invasive feral swine,
describe knowledge gaps and the associated
studies needed to fill those gaps, and call for
an integrated approach for preparedness that
incorporates the best available science and
acknowledges the importance of public educa-
tion and outreach and policy solutions.

Contact: Kim Pepin

University of Montreal (left)
and NWRC researchers
prepare to place a GPS
collar on an anaesthetized
free roaming domestic dog
in Puerto Rico as part of a
rabies study. Photo by USDA
Wildlife Services, Steven Llanos

Wildlife Damage Assessments

* Cost of Feral Swine Damage to Crops.

Invasive feral swine damage agricultural crops
by eating them or by their rooting, trampling,
and wallowing behaviors. In their most recent
assessment, NWRC economists found that

the annual economic burden of feral swine
damage to producers of 6 key cropsin 11
States was close to $700 million. Economists
surveyed more than 11,000 producers of corn,
soybeans, wheat, rice, peanuts, and sorghum
from Alabama, Arkansas, California, Florida,
Georgia, Louisiana, Mississippi, Missouri, North
Carolina, South Carolina, and Texas. This study
builds on the growing body of literature about
feral swine damage to agricultural commodi-
ties and property, as well as opportunity costs,
replanting, harvest, and control costs.

Contact: Stephanie Shwiff

Do the Benefits of Feral Swine Hunting
Outweigh the Costs of Damage? Feral swine
hunting is a culturally significant recreational
and commercial activity in Texas, but do the
benefits of hunting outweigh the costs of their
damage? Recent studies have documented the
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NWRC economists found
that the annual economic
burden of feral swine
damage to producers

of 6 key crops in

11 states was close to
$700 million (damage to
corn pictured).

Photo by USDA Wildlife Services

Using data from State
Farm®, NWRC economists
and partners estimated
the number and cost of
vehicle collisions with
feral swine by state
during 2015 to 2022.
Photo by USDA Wildlife Services,
Gail Keirn

annual value of damage inflicted by feral swine
to the Texas economy as $204.7 million to pro-
ducers of corn, soybeans, wheat, rice, peanuts,
and sorghum; $135.2 million in production
loss of hay, pecans, melons, sugarcane, sweet
potatoes, and cotton; and $477.2 million in
predation, disease, and other livestock deaths,
as well as veterinary and medical treatment
costs, property damage and the rooting of
pasture. NWRC researchers analyzed a survey
of resident and non-resident hunting license
holders in Texas about various topics related
to their feral swine hunting activities, including
expenditures. From the 37,317 responses
received, researchers estimated that the
marginal annual direct benefit of feral swine
hunting to the Texas economy ranged between
$68.5 million and $188.0 million. Although
hunting is an important consideration in the
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discussion of feral swine management, this
estimate is dwarfed by the estimated total feral
swine damage costs to agricultural producers
and others in Texas.

Contact: Stephanie Shwiff

Feral Swine-Vehicle Collisions. Most
people are familiar with the dangers and costs
associated with deer-vehicle collisions. In
fact, a recent analysis of more than 1 million
animal-vehicle collisions by University of
Washington researchers showed that deer
were responsible for more than 90 percent of
the collisions in the United States between
1994 and 2021. But what about other large
animals, such as feral swine? To better
understand the frequency and cost of feral
swine-vehicle collisions in the United States,
NWRC economists partnered with experts in
the NFSDMP and the Savannah River National
Laboratory. Using data from State Farm®, the
researchers estimated the number of vehicle
collisions with feral swine by State from 2015
t02022.1n 2022 alone, they estimated that a
total of 16,714 feral swine-vehicle collisions
occurred, resulting in $103.8 million in vehicle
repair costs. Texas bore the highest burden
with $56.2 million in damages, followed

by Florida at $12.4 million. Furthermore,



researchers found that the ratio of collisions
with feral swine to vehicle miles traveled
increased with feral swine density. Surprisingly,
this ratio was more than seven times higher

in Hawaii and Texas than would be expected
based on the States’ feral swine densities.
Researchers discovered that the frequency of
feral swine-vehicle collisions was much less
than that for deer in the 30 States surveyed.
However, feral swine-vehicle collisions were
still very costly and represented the second
most common type of wildlife-vehicle collision
in the study.

Contact: Stephanie Shwiff

e Alabama Farmers’ Experiences and
Management Preferences for Feral Swine.
Government agencies and landowners
use a variety of lethal methods to reduce
invasive feral swine populations and resulting
agricultural damages. To provide decision
makers with information about Alabama
farmers’ experiences with feral swine and
their preferences for management actions,
NWRC, CSU, and Auburn University researchers
surveyed members of the Alabama Farmers
Federation. Survey responses showed that
feral swine were often present on livestock,
timber, and crop production acreage, but their
damage was more common on crop acreage.
Respondents had a low acceptance of feral
swine, and all lethal control methods, particu-
larly those performed by landowners, were
considered acceptable. While most Alabama
farmers agree that feral swine numbers need
to be reduced, State managers should con-
tinue to build support by working closely with
crop producers and by addressing potential
concerns regarding the use of methods by
government agencies in future initiatives and
outreach.

Contact: Keith Carlisle

¢ Feral Swine Impacts to Amphibians. Feral
swine are known nest predators of ground-
nesting birds and reptiles and likely pose a
threat to amphibians given their extensive
use of wetland habitats and generalist diet.
NWRC researchers used DNA metabarcoding

Diet analyses of invasive
feral swine in South Carolina
show they eat barking

tree frogs (Dryophytes
gratiosus; shown) and other
amphibians as part of their
diverse diet.

. . . Photo by Adobe Stock
to determine the diet of 222 adult feral swine

in South Carolina using fecal samples. Results
showed a diverse diet dominated by plant
material (166 plant genera from 56 families)
and 18 vertebrate species. Diet composition
varied seasonally with plant availability and
was consistent between male and female
feral swine. Amphibians, such as barking tree
frogs (Dryophytes gratiosus), were the most
frequently eaten vertebrate group, occurring
in 71 percent of samples with vertebrate DNA.
This suggests that amphibians are potentially
vulnerable to predation by feral swine in South
Carolina. Mammal, reptile, and bird species
were also detected infrequently in feral swine
diets. Results highlight the need for research
on feral swine impacts to the management
and conservation of amphibians.

Contact: Toni Piaggio

¢ Bird Use of Industrial Hemp Crops.
Industrial hemp (Cannabis sativa L.; hemp)
is an emerging crop in the United States but
little is known about bird use or damage to
hemp. Depending upon the type of crop (i.e.,
oilseed versus cannabinoid (CBD)), hemp
fields may be attractive to birds as a food
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Industrial hemp (Cannabis
sativa L.) is an emerging
crop in the US but little is
known about bird use or
damage to it. Photo by USDA
Wildlife Services, Page Klug

resource, or as roosting habitat or shelter. In an
observational study, NWRC and North Dakota
State University researchers conducted bird
surveys in seven oilseed fields and four CBD
fields in North Dakota and Florida. Researchers
observed 10 bird species in hemp, 12 species
flying over hemp, and 11 species both foraging
in and flying over hemp fields in North Dakota.
In Florida, researchers observed four bird
species in hemp, five species flying over hemp,
and four species exhibiting both behaviors.
Birds observed in hemp were either perched in
the canopy or foraging on the ground. Counts
were highest in oilseed and lowest in CBD
varieties. The Florida sites were mainly CBD
varieties, which explains lower species diver-
sity and raw counts of birds given the lack of
seeds produced. Maximum raw counts of the
most common birds included 116 mourning
doves (Zenaida macroura), 53 house finches
(Haemorhous mexicanus), and 40 American
goldfinches (Spinus tristis) using very small
fields (139-388 yard?/116-324 meter?) in North
Dakota suggest oilseed hemp could suffer
depredation losses but potentially benefit bird
conservation and act as a decoy crop to protect
other commaodities, such as sunflower crops.

Contact: Page Klug
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¢ Possible Wildlife Attractant Implications
of Growing Industrial Hemp Near Airports.
When planning possible land uses on and
near airports, airport managers consider
revenue from land covers, associated
maintenance costs, and the potential for
various land covers to attract wildlife species
recognized as hazardous to aviation safety.
The U.S. Federal Aviation Administration has
expressed an interest in better understanding
the potential impacts of cultivating industrial
hemp as a revenue-producing land cover on
or near airports. NWRC, WS Operations, and
University of Florida researchers and experts
conducted aninitial literature review to
understand the potential production value of
hemp as well as its possible role in affecting
aviation safety if cultivated on or near airports.
Findings showed that hemp cultivation offers
potential revenue opportunities in the areas
of animal feed as well as medicinal and
industrial products. Thus, hemp production
on and near airports for purposes of revenue
remains a possibility. However, much of what
was learned in the review relates to U.S. land
covers and wildlife populations from decades
past, and little pertained to the use of hemp
by species known to directly pose hazards to



aviation safety or those that might serve as
prey resources for species frequently struck by
aircraft. Therefore, researchers note that prior
to cultivation on or near airport properties,
wildlife use of hemp should be quantified
relative to species aviation hazard scores. Also,
researchers recommend a holistic approach
that considers not only how hemp contributes
to revenue and wildlife strike risk, but also land
cover maintenance requirements (e.g., irriga-
tion, pest control), harvest regimens, and the
ecology of local wildlife populations relative to
use of crops.

Contact: Brad Blackwell

Identifying Key Mitigation Areas for
Human-Osprey Conflicts. Raptor nests on
structures, such as powerlines, can resultin
bird deaths, fires, and/or power outages due
to falling nest materials or animals touching
energized conductors. Power companies
typically try to lessen these conflicts to avoid
service disruptions. Performing mitigation
measures across all potentially problematic
power infrastructure is often not practical
given logistical, time, or budgetary constraints.

Power companies need tools to help identify
risks and prioritize mitigation. Researchers
with the NWRC, Mississippi State University,
and Kentucky Department of Fish and Wildlife
Resources examined the influence of habitat
and infrastructure distribution on the potential
risk of osprey (Pandion haliaetus) nesting
conflicts on the Tennessee Valley Authority’s
power infrastructure in Tennessee, Alabama,
Georgia, Kentucky, Mississippi, North Carolina,
and Virginia. Data from 1990 to 2020 on osprey
nesting and conflict records were used to
model risk. Osprey preferred habitats on or
near open water and closer to developed
areas. Transmission line density was
determined to be low (0.14 + 0.29 lines/km?
or0.05+0.11 lines/miles?) and mixed across
the service area with more lines within urban
centers and near power facilities. By combining
osprey habitat preferences with transmission
infrastructure information, researchers
revealed that areas of very low to low osprey-
power infrastructure conflict risk comprised 99
percent of the service area. Less than 1 percent
of the service area was considered moderate,
high, or very high risk, and these sections were

NWRC researchers and
partners are working on
new approaches to mitigate
damage to and from nesting
osprey on transmission
towers and powerlines.
Photo by Adobe Stock
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mostly concentrated along major rivers and
lakes, and around urban centers. Risk was
more prevalent in the northeastern portion
of the service area. This work presents a

Wildlife Management
Methods and Evaluations

* Measuring the Impacts of Feral Swine

new approach for mitigating osprey-power
infrastructure conflicts by helping to prioritize
areas for mitigation and facilitating coexistence
with this protected species.

Contact: Brian Dorr

Scavenging Behaviors of Vultures and
Implications for Livestock Depredation.
Little is known about the early stage scav-
enging signatures of vultures on livestock. The
ability to distinguish between scavenging and
predatory feeding signs on carcasses eaten

by vultures is crucial to identifying criteria

for evaluating livestock depredation. NWRC
researchers partnered with WS Operations
and university experts to monitor turkey and
black vulture consumption and scavenging
effort on neonatal calf carcasses. Twenty
carcasses were placed periodically in a pasture
at Purdue University’s Southern Indiana
Purdue Agricultural Center between February
and May, consistent with local spring calving
season. The carcasses were monitored using a
live-feed game camera. After vulture exposure,
carcasses were collected and necropsied to
document and measure scavenging effort.
Scavenging black vultures targeted the
perineum and tongue, while turkey vultures
targeted the eyes, perineum, and tongue.
These findings indicate that criteria commonly
used to identify livestock depredation by
vultures only document vulture presence and
not predation. Researchers conclude that

new and more definitive criteria are needed to
distinguish between scavenging and predatory
feeding signs by vultures.

Contact: Bryan Kluever

NWRC ACCOMPLISHMENTS, 2024

Removal. Feral swine are managed
throughout their invasive range in the United
States. In many States, recreational hunting

of feral swine is popular and assumed to help
control their populations. But there is little
evidence to support recreational hunting

as a long-term management tool, and, in
many cases, it may be counterproductive.
Recreational hunting typically removes about
23 percent of a population, on average. This

is far below the number needed to reduce
populations. Recreational hunting also pro-
vides financial incentives for keeping pigs on
the landscape, which is counter to the goal of
control efforts. Instead, successful feral swine
population control is more likely achieved
through coordinated and adaptive strategies
by wildlife professionals. NWRC and University
of Georgia researchers aimed to measure the
effects of a 3-year coordinated feral swine
trapping removal effort. Researchers measured
changes in feral swine relative abundance
and their associated damages using data
combined from feral swine population surveys,
damage assessments, and environmental
rooting surveys before and after feral swine
removal across 19 privately owned properties
in South Carolina. Following control efforts by
WS, both the number of feral swine detections
and estimated abundances decreased signifi-
cantly. Within 24 months, relative abundance
was reduced by an average of 70 percent.
This resulted in a corresponding decline in
environmental rooting damage by about

99 percent. Within fragmented agricultural
landscapes, feral swine home ranges often
spread across multiple properties. Thus, sur-
rounding landowners who did not participate



in the study may also have benefited from

the removal efforts. The key is coordination.
While individual landowners may not have
the resources to continually support intensive
removal efforts, groups of landowners who
cooperate may be able to reduce feral swine
damage across more extensive areas.

Contact: Kurt VerCauteren

Reducing Nontarget Hazards Associated
with Feral Swine Toxicant Baiting. In 2018,
an experimental sodium nitrite-based toxic
bait for invasive feral swine was evaluated

to determine its effectiveness in reducing
local feral swine populations in Texas. Local
populations were reduced by more than 70
percent, but spillage of bait outside of feral
swine-specific feeders (bait stations) caused
by feeding feral swine resulted in the death

of some nontarget animals. To evaluate risks
to nontarget animals, NWRC researchers and
partners recently tested whether bait presenta-
tion (i.e., crumbled, extruded, or compacted
in trays) influenced the total amount of bait

spilled by feral swine. They also estimated the
associated risk to nontarget species through
a series of experimental baiting trials with
wild caught feral swine. Results showed that
bait spilled outside of bait stations could be
reduced by more than 90 percent when it

is compacted in trays, as opposed to being
manually crumbled into pieces or extruded.
Researchers documented a mean spill rate

of 0.913 grams of bait per feral swine. Using
this spill rate estimate, researchers conducted
risk assessments for nine nontarget species
for which sodium nitrite toxicity data exist.
Findings indicate that there is a relatively low
risk of lethal exposure to these nontarget
species except for nonnative zebra finches and
laboratory white mice. Researchers estimate
there may be enough spilled bait per feeding
feral swine to kill 9.5 zebra finches or 3.5 white
mice. Other species assessed range from
0.002 to 0.406 potential mortalities per feral
swine. Researchers recommend that baits be
tightly compacted and secured in bait stations

To help reduce non-target
species hazards, NWRC
researchers and partners
recently tested whether bait
presentation (i.e., crumbled,
extruded, or compacted
(shown) in trays) influenced
the total amount of toxic
bait spilled by feral swine.
Photo by USDA Wildlife Services,
Nathan Snow
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A bait station and trail
camera hang from trees

on Cocos Island off the
south coast of Guam. NWRC
researchers evaluated the
use of toxic baiting and cage
traps to reduce a newly
discovered population of
invasive brown treesnakes
on the island. Photo by USDA
Wildlife Services, Shane Siers

to minimize risks to nontarget animals from
spilled bait by feral swine.

Contact: Nathan Snow

Limitations of Brown Treesnake Baiting.
In October 2020, a new population of invasive
brown treesnakes (Boiga irreqularis) was
discovered on Cocos Island, a 33-hectare (82
acre) island located about 2.5 kilometers (1.5
miles) off the south coast of Guam. Cocos
Island is a refuge for many lizards and birds,
including endangered species, which were
extirpated from mainland Guam by invasive
predators including brown treesnakes. Several
tools and techniques, including baiting and
trapping, have been developed and continue
to be improved for managing invasive brown
treesnakes on mainland Guam. NWRC
researchers worked with WS Guam and other
partners to evaluate the usefulness of toxic
baiting with acetaminophen-treated carrion
baits and cage trapping on Cocos Island.
Multiple bait types and bait presentations (i.e,
on the ground, suspended in the canopy, and
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in four plastic-tube bait station configurations)
were evaluated over thousands of nights. All
baits were monitored with time-lapse cameras.
None of the baits were taken by brown
treesnakes. Only one brown treesnake was
captured using a trap with a live mouse lure.
This low level of effectiveness is not a result of
low snake density. Ongoing visual searching
and hand capturing efforts have resulted in
snake captures and sightings. Researchers
hypothesize that the low success rates are due
to an extremely high abundance of preferred
live prey, primarily large geckos, and birds.
Findings do not bode well for managing
future island invasions by brown treesnakes.

If snakes were to become established in other
prey-rich environments, current baiting and
trapping methods may be similarly ineffective.
Future work on Cocos Island will include the
continuation of visual searching and manual
removal of snakes, the only method that has
been effective. Researchers plan to evaluate
whether the use of live bird lures is more effec-
tive than carrion or live rodents. Preventing the




accidental translocation of snakes from Guam
remains a critical management strategy.

Contact: Shane Siers

Reducing Cormorant Use of Oyster
Cages. In 2023, the United States produced
approximately 45 million pounds of oysters
worth about $221 million. Oysters are
produced either naturally or farmed. Oyster
farmers often use floating cages to facilitate the
management of the shellfish. Oysters grown
in floating cages grow faster and have higher
survival rates than those cultured in bottom
cages. When birds, such as double-crested
cormorants (Nannopterum auratus), gather
on floating oyster cages to loaf or roost,

their feces can impact water quality and
spread pathogens. Researchers from NWRC’s
Mississippi Field Station and Mississippi State
University evaluated the effectiveness of six
commercial nonlethal deterrents (Gullsweep
Bird and Seagull Deterrent® Bird B Gone;

Bird B Gone Spinning Bird Deterrent®; Bird
Spikes TANGTEA; Hypertough™ Zip ties,
11-inch black; a float-mounted triangle
Ketcham Supply; and Scarem Kite® Flyonte)
to prevent cormorant use of floating oyster
cages. All deterrents except the Scarem Kite
significantly reduced or halted cormorant use
of oyster floats. The Scarem Kite was the only
deterrent that required consistent wind to

Researchers from NWRC’s
Mississippi Field Station
and Mississippi State
University evaluated the
effectiveness of six commercial
nonlethal deterrents,
including Hypertough™ Zip
ties (pictured), to prevent
cormorant use of floating
oyster cages.

Photo by USDA Wildlife Services

operate effectively, and the study location did
not experience consistent wind. Itis possible
thatin the right location the kite would have
produced significant reductions in bird use.
Overall, the results show that these simple
nonlethal deterrent applications to oyster cage
floats can help to reduce impacts to water
quality and the potential spread of pathogens
by cormorants.

Contact: Fred Cunningham

Modern-day “Scarecrows” for Bird
Damage. Two modern-day “scarecrows”—
the University of Rhode Island (URI) Laser
Scarecrow and an inflatable scarecrow— were
evaluated by NWRC researchers to help reduce
damage from European starlings (Sturnus
vulgaris) and vultures, respectively. Lasers are a
promising deterrent to reduce bird damage to
agricultural crops and property. Visible lasers
emit a focused, steady beam of light at a single
wavelength. They appear to frighten birds and
elicit escape responses like other frightening
devices. In a controlled pen study, NWRC
researchers from the Florida and North Dakota
field stations tested the effectiveness of the UR
Laser Scarecrow to reduce European starling
damage to milk-stage corn. Sweet corn is espe-
cially suitable for laser deterrent use because it
has a narrow, 2-week window of susceptibility
to damage during its milk stage (i.e., when the
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An inflatable scarecrow called
the Scare Dancer® was used by
NWRC researchers to reduce
vulture abundance by as much
as 82 percent in some areas.
Photo by USDA Wildlife Services

kernels are mostly yellow with a white milky
fluid inside that is rich in sugars and protein).
This shorter time window could limit a bird’s
ability to habituate to the laser. Researchers
presented 18 captive flocks of free-ranging
starlings with fresh sweet corn ears in plots
with and without laser treatments. Damage

to corn was reduced by at least 20 percent

in areas protected by URI Laser Scarecrows,
particularly those plots that mimicked natural
crop situations. Damage increased over time
and as the distance from lasers increased.
This was the first controlled pen study where
free-flying birds had access to fresh sweet corn
and could choose to feed in either laser-treated
or untreated plots, allowing researchers to see
how birds respond to repeated laser exposure
and document how bird damage increases

as the distance from a laser increases. These
insights will help guide how best to use lasers
as bird deterrents.

Visual frightening devices that mimic the
presence of humans, predators, or a novel
object are used to cause fear responses

in birds. One visual frightening device in
particular—the inflatable scarecrow—has
been used to reduce songbirds at feral
swine feeders, but little is known about its
effectiveness with other species and at other
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locations. NWRC researchers at the Florida
Field Station tested the effectiveness of Scare
Dancer®, an inflatable scarecrow, to disperse
black vultures (Coragyps atratus) and turkey
vultures (Cathartes aura) from areas, such

as parking lots, hydroelectric dams, baseball
fields, small-scaled farms, and waste manage-
ment sites, in five States. The devices reduced
vulture abundance by as much as 82 percent.
Researchers also observed an increase in
vulture abundance as distance to the device
increased (> 50 meters/164 feet). This finding
suggests that inflatable deterrents may not

be as effective at larger sites with widespread
vulture damage issues. More information

is needed to determine if the use of more
inflatable scarecrows or the combined use of
the devices with other management strategies
(i.e., pyrotechnics) may be more effective at
discouraging widespread vulture damage at
these sites. Researchers recommend inflatable
scarecrows as a tool to reduce vulture-human
conflicts at sites where the conflicts are spa-
tially restricted (e.g., parking lots or recreation
areas), conducive to scarecrow use (e.g., flat
stable surfaces), and where human tolerance
forvultures is limited.

Contact: Bryan Kluever



¢ Fertility Control for Free-Ranging Prairie
Dogs. In 2022, GonaCon-Prairie Dogs, an
injectable contraceptive vaccine, was regis-
tered by the EPA (EPA Reg. No. 56228-64) for
managing fertility in sub-adult or adult female
black-tailed, white-tailed, and Gunnison’s
prairie dogs (Cynomys spp.). Prior to this
registration, NWRC and CSU researchers tested
the field efficacy of the vaccine in black-tailed
prairie dogs in six urban and suburban areas
of Colorado under an EPA Experimental Use
Permit. Female prairie dogs were live trapped
and treated with 0.4 milliliters of either
GonaCon or a sham vaccine. Juveniles and
adults were counted at each field site to esti-
mate the juvenile-to-adult ratio and juvenile
density. Researchers determined the juvenile-
to-adult ratio was significantly reduced in the
first year following treatment. Juvenile density
was also lower in the GonaCon-treated sites
versus the sham sites. However, both the
GonaCon and sham sites produced similar
numbers of offspring during the second year
following treatment. Researchers concluded
that GonaCon is highly effective during the

first year but not in the second yearifonly a
small area (0.6-2.8 ha/1.5-7 acres) or small
proportion of females in a colony is treated.
Afollow up study is underway involving
NWRC’s Rodents Project and Population
Management Project, as well as WS Colorado,
to test GonaCon over whole colonies, males
and females, and in the presence and absence
of pre-treatment prairie dog removals from
colonies.

Contact: Aaron Shiels

Using Prescribed Fires and Biosolids
Applications to Manage Wildlife. Birds

and other wildlife can pose significant threats
to both human safety and property when
they appear near airports. Biologists with

WS Airport Wildlife Hazards Program (AWHP)
provide airport operators across the Nation
with advice and recommendations on how

to keep runways and flight paths clear of
wildlife. NWRC and AWHP experts investigated
whether the application of prescribed burning
and/or long-term biosolid applications

alter plant communities and wildlife use in

Prescribed burns and
biosolid applications, used
alone and in combination,
might be viable grassland
management tools for
altering wildlife use of
grassland areas on and
near airports.

Photo by USDA Wildlife Services
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A Mexican wolf is released
back into its territory
following a capture during
the 2019 helicopter count
and capture operation with
a new radio tracking collar.
Photo by Arizona Game

and Fish Department

grassland areas at the Marine Corps Air Station
Cherry Point in North Carolina. Researchers
monitored vegetation growth, plant species
diversity, and wildlife activity over 3 years in
plots with and without annual prescribed
burns and/or the application of a biosolid

(i.e., treated and stabilized sewage sludge).
Prescribed burning reduced the amount of
litter, increased bare ground during spring,
and altered the plant community composition
relative to areas that were not burned. Overall,
prescribed burning did not alter bird use of the
airfield grasslands, while the long-term appli-
cation of biosolids resulted in higher bird use.
Few species-specific differences in bird use of
prescribed burned and unburned grasslands
were found. In contrast, white-tailed deer use
of areas that were burned in winter, as well as
the adjacent unburned areas, was drastically
reduced. Winter prescribed burning appeared
to remove forage plants at the time of year
deerwould use them the most. Findings
suggest that prescribed burning and biosolid
applications, used alone and in combination,
might be viable grassland management tools
for altering wildlife use of grassland areas,
specifically white-tailed deer; however, similar
research at additional locations should be
conducted.

Contact: Brian Washburn
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Wildlife Population
Monitoring Methods and
Evaluations

* Factors Affecting Endangered Mexican
Wolf Recovery. The Mexican wolf (Canis lupus
baileyi) is an endangered wolf subspecies
being recovered in the Southwest United
States and Mexico on shared landscapes
where people occupy and use the land. When
human-carnivore conflict occurs, one manage-
ment option is to remove individual carnivores
(i.e, management removal) involved in the
conflict. However, some studies have found
that when too many individuals are removed,
it can negatively affect the carnivore popula-
tion. To gain a better understanding of these
impacts, NWRC, U.S. Fish and Wildlife Service,
and Arizona Department of Game and Fish
researchers investigated the growth of Mexican
wolf populations in response to management
removals, illegal killings, and several other
factors, such as natural mortalities, natural
reproduction, translocations, and releases.
From 1998 to 2019, the wolf population grew
about 12 percent per year. Removal of wolves
for conflict management was higher from 1998
to 2007 than for 2008 to 2019, with rates of
25 percent and 5 percent, respectively. lllegal
killing was a consistent source of Mexican wolf



mortality, accounting for 28 percent of deaths
from 1998 to 2007 and 50 percent of deaths
from 2008 to 2019. Wolves released from cap-
tivity and translocated into new territories are
more susceptible to purposeful and accidental
illegal killing. Captive-reared animals could

be more vulnerable because they have been
influenced by human presence (e.g., feeding

in captivity) on a regular basis and thus do not
have the flight response to humans often seen
in wild wolves. Translocated wolves could be
more vulnerable because they initially travel
more without extensive knowledge of the land-
scape, thus creating more opportunity to cross
paths with humans. The relationship between
illegal killings and release/translocations was
significant, with the highest illegal killing rates
doubling during periods with high numbers

of reintroductions and translocations. If the
growth rate remains at 12 percent in the future,
modeling predicts the Mexican wolf popula-
tion will reach a minimum of 320 wolves in
2026. Researchers conclude that management
removal to reduce human-carnivore conflict
can have negative population impacts if not
used carefully.

Contact: Stewart Breck

Coyote Response to Removal of Human-
provided Water Sources in the Desert.

The spread of coyotes into desert ecosystems
has led some scientists and land managers

to question whether human-provided water
sources contributed to their expansion. NWRC
and Utah State University researchers gathered
and analyzed movement data from 31
radio-collared coyotes in the Dugway Proving
Ground, a U.S. Army installation in Tooele
County, Utah, before and after the removal

of artificial water sources (guzzlers) on the
landscape. Following the removal of guzzlers,
coyotes in treated areas did not shift their

movement patterns to remain closer to water.
In fact, coyotes in treated areas spent more
time in areas further away from water than
those whose artificial water sources remained
in place. Vegetation was an important factor in
habitat selection, with coyotes selecting more
riparian and agricultural areas. Coyotes also
selected areas where hunting and trapping
was prohibited. Researchers hypothesize that
the cause of increased coyote abundance

in the Dugway Proving Ground was not due
to the introduction of human-provided

water sources but rather the end of regional
lethal predator control programs. These two
management decisions both occurred in the
1970s and their influences on the subsequent
increase of coyote abundance may be
conflated. These results, in combination

with previous studies, provide evidence that
coyotes are desert-adapted carnivores that do
not rely on human-provided water sources.

Contact: Dustin Ranglack

® Ancestry of U.S. Feral Swine Led to

Increased Invasiveness. Feral swine are one
of the most destructive invasive species in the
world, with populations established on all con-
tinents except Antarctica. Ancestry analyses

of feral swine throughout invaded regions
within the contiguous United States show that
current populations are hybrids of domestic
pigs and wild boar. NWRC and international
researchers hypothesize that such hybridiza-
tion enriches genetic diversity and increases
the adaptive potential of U.S. feral swine popu-
lations. To test this hypothesis, researchers
genotyped 881 feral swine captured within the
Great Smoky Mountains National Park, which
represent a hybrid population that descended
from one of the first European wild boar
introductions in the United States. Researchers
discovered that several of the genes of these
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hybrid swine related to traits, such as skull and
nerve cell formation and skin pigmentation,
that affect feralization. Researchers note that
the unique combination of wild and domestic
swine genes within the U.S. feral swine popula-
tion, plus natural selection, have shaped feral
swine adaptability and made them a more
destructive invasive species.

Contact: Tim Smyser

Human-mediated Movement of Feral
Swine. Purposeful movement (i.e., transloca-
tion) of feral swine by people for hunting or
other purposes has contributed to the species’
rapid range expansion in the United States
over the past 30 years. NWRC geneticists used
machine learning and network analyses to
leverage genomic data from thousands of
feral swine captured across the United States
to describe feral swine movement patterns.
Machine learning uses algorithms to analyze
large amounts of data, identify patterns, and
create predication models. Researchers were
able to differentiate between natural range
expansion and human-mediated movement
of feral swine that has contributed to the
species’ expansion. Findings showed extensive
movement of feral swine well beyond their
dispersal capabilities, including individuals
with predicted origins greater than 620 miles
(1,000 km) away from their sampling locations.
Researchers found that feral swine were
translocated across the United States, with
many States receiving animals from just a few
States while other States received feral swine
from more than 10 States. Areas in Georgia,
southern Oklahoma, central Texas, southern
Louisiana, and central Florida were hotspots
for the origination of translocations. For long-
distance translocations, the main sources of
feral swine were central and northern Texas, as
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well as Florida. Analyses showed Texas had a
disproportionate impact on the spread of feral
swine, serving as a source to 26 of the 38 States
investigated. This information will aid in feral
swine management, as well as legislation and
enforcement of human activities.

Contact: Tim Smyser

Feral Swine Establishment of Home
Ranges After Translocation. The rapid
expansion of feral swine in North America is
mainly attributed to the intentional and illegal
translocation of the animals to create hunting
opportunities. To learn more about feral swine
movement and establishment following
translocation, NWRC and University of Georgia
researchers conducted experimental trials
with 38 collared feral swine released eitherin
social groups or individually. Results showed
feral swine translocated with their social group
made less extensive movements away from
the release location and established a stable
home range about 5 days faster than those
translocated individually. Habitat quality also
impacted the home range sizes of translocated
animals. Animals released in lower-quality
habitats established larger home ranges.
Findings suggest that translocated feral swine
are more likely to establish a viable population
near their release site when the habitat quality
is high, and they are released with members
of their social group. However, all the animals
translocated in this study made extensive
movements from their release location, high-
lighting the potential for single translocation
events of either individuals or groups to have
far-reaching consequences within a much
broader landscape beyond the location where
they are released. This information will aid
mangers in developing appropriate response
strategies for containing and eliminating



new source populations following feral swine
translocations.

Contact: Kim Pepin

Potential Expansion of Feral Swine from
Canada to the Northern United States.
Understanding the connectiveness of habitats
across landscapes is an essential part of inva-
sive species management since habitat connec-
tivity can increase a species’ invasion potential.
Invasive feral swine were introduced to Canada
in the 1980s. NWRC, WS Operations, APHIS
Veterinary Services, and university experts
examined the potential for Canadian feral swine
to invade across the northern prairies from
western Canada into currently feral swine-free
northern U.S. States. Researchers used data
from 22 GPS-collared feral swine in Canada to
determine feral swine movements and habitat
preferences. Analysis showed feral swine in
Canada preferred deciduous forests, crops, and
wetlands. Using data from the Commission for
Environmental Cooperation North American
landcover map, researchers determined such
intermixed habitats are found throughout
southern Saskatchewan and Manitoba, north-
eastern Montana, North and South Dakota, and
western portions of Minnesota, making these
areas particularly vulnerable to feral swine inva-
sion. Researchers note that deciduous forest,
wetlands, water, and agricultural crops are

easier to traverse, given that they are relatively
flat, provide food, hiding, and thermoregulatory
cover, while reducing the risk to predation,
hunting, and human disturbance. Results show
the potential for rapid expansion of feral swine
in the northern prairies of North America and
help guide efforts to monitor the species as it
continues to expand its range.

Contact: Kurt VerCauteren

Raccoon Movement in the Southeastern
United States and Impacts of Sex, Season,
and Habitat. The movement behavior of
raccoons varies widely across habitats with
important implications for the management
of zoonotic diseases, such as rabies. To better
understand the movement behavior of rac-
coons in the southeastern United States, WS
NRMP personnel and NWRC and University of
Georgia researchers investigated the roles of
sex, season, and habitat on monthly raccoon
home range and core area sizes across three
representative rural habitats (bottomland
hardwood, upland pine, and riparian forest) in
South Carolina. Forty-six raccoons captured
during 2018 and 2022 were collared with GPS
telemetry data-logging transmitters and moni-
tored. Males maintained home range and core
areas about 2 to 5 times larger than females in
upland pine and riparian habitats throughout
the year, but their home range and core areas

NWRC, WS Operations,
APHIS-Veterinary Services,
and university experts
examined the potential for
Canadian feral swine to
invade across the northern
prairies from western
Canada into currently feral
swine-free northern U.S.
States. Photo by Adobe Stock
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NWRC researchers and
partners found the overall
average survival rate for
turkey vultures in North

and South America is
greater than 75 percent, but
mortality risk increases with
road density.

Photo by Adobe Stock

in bottomland hardwood were only larger
than females during the breeding season. The
home range and core areas of females did not
vary across habitats. Male raccoons had larger
home range and core areas in upland pine and
riparian habitats compared to bottomland
hardwood throughout much of the year. The
home ranges for male raccoons in upland pine
and riparian habitats were among the largest
recorded for raccoons in the United States.
Such large and variable home ranges likely
contribute to the spread of zoonotic disease by
male raccoons in these habitats. Even though
upland pine and riparian habitats appeared

to offer more limited resources for raccoons in
this area, these populations remain important
to bait efficiently for landscape level raccoon
rabies control. These results can be used to
inform and design disease mitigation strategies
customized to rural areas of the southeastern
United States.

Contact: Amy Gilbert

Space Use and Resource Selection by Black
Vultures. Black vulture populations have
increased and expanded their distribution in
the Southern and Eastern United States. In con-
junction with these patterns has been a rise in
human-vulture conflicts. To better understand
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vulture space use patterns in Florida, Georgia,
and South Carolina, NWRC researchers
evaluated the movements of 23 black vultures
equipped with GPS transmitters between

2006 and 2020. Results showed that the size

of vulture home ranges did not differ between
breeding and non-breeding seasons. However,
there were differences across geographical
locations, with the largest home ranges located
in Florida. Overall, black vultures avoided
homogeneous landscapes regardless of season
or activity and exhibited a strong selection for
areas with a diversity of resources, such as food,
water, roosting and perch sites, and thermals
for energy-efficient flight. The importance of
factors such as percent urban cover and road
density varied by site. Researchers stress the
importance of using site-specific studies to
understand and manage local vulture popula-
tions and associated human-vulture conflicts.

Contact: Bryan Kluever

Turkey Vulture Survival and Road Density.
Turkey vultures are the most widely distributed
vulture in the Western Hemisphere, but little

is known about their survival rates. NWRC
researchers and partners combined turkey
vulture mortality and movement data with
updated geographic information layers to



model yearly and seasonal survival in relation
to several environmental factors (i.e., nighttime
light, human population density, road density,
and landcover types). Overall average survival
was greater than 75 percent, but mortality risk
increased with road density. Mortality risk was
also greater during the nonbreeding and return
migration seasons. Road networks across the
Americas appear to create ecological traps for
turkey vultures where road densities are high,
increasing the number of vulture-vehicle col-
lisions and potential human-wildlife conflicts.
In regions with high road density, researchers
suggest increasing the removal of roadkill that
likely attracts vultures and leads to vulture-
vehicle collisions.

Contact: Bryan Kluever

Registration Updates

¢ Alpha-chloralose. Immobilizing birds with
alpha-chloralose baits is an effective capture
method for bird removal projects when other
capture methods are impractical, dangerous for
personnel, or may be injurious to target birds.
In 2022, the U.S. Food and Drug Administration
(FDA) announced a new enforcement
discretion for certain compounded bulk drug
substances used as sedatives for free-ranging
wildlife species when prescribed by State-
licensed veterinarians (FDA Guidance #256).
In January 2024, FDA reviewed and accepted
nominations from WS and the International
Crane Foundation to allow alpha-chloralose
to be added to the List of Bulk Drug Substances
for Compounding Drugs for Use in Free-Ranging
Wildlite Species for the immobilization and
live capture of Canada geese, American coots,
mallards (including feral domestic and hybrid
ducks), and sandhill cranes (www.fda.gov/
animal-veterinary/animal-drug-compounding/
list-bulk-drug-substances-compounding-drugs-

use-food-producing-animals-or-free-ranging-
wildlife). In August 2024, WS submitted a
second nomination to FDA for alpha-chloralose
to add common ravens, pigeons, wild and

feral turkeys, nonnative and feral geese, ducks,
chickens, and swans. FDA listed them as “Under
Review” (www.fda.gov/animal-veterinary/
animal-drug-compounding/bulk-drug-sub-
stances-currently-under-review). WS personnel
can now use alpha-chloralose for these bird
species with the assistance of a State-licensed
consulting veterinarian and in accordance with
Guidance #256 and WS training requirements.

Contact: Emily Ruell

Bromethalin. In July 2024, EPA approved
label amendments for Bromethalin-100
Conservation Blocks (EPA Reg. No. 56228-65)
and Bromethalin-100 Conservation Place
Packs (EPA Reg. No. 56228-66) to allow these
products to be used on any island by Federal
agencies for conservation purposes as long as
the Federal agencies had met their Endangered
Species Act Section 7 consultation require-
ments beforehand. These bromethalin baits
are formulated as blocks and place packs
(chewable polyglassine sachets containing
pellets) and are identical in formulation to Bell
Laboratories’ Fastrac® products. Bromethalin
is an “acute” rodenticide with a different
mechanism of action from the anticoagulant
rodenticides registered for island conservation.
These new island product labels allow a variety
of hand-baiting methods and can potentially
be used as a primary bait forisland projects
conducted with hand-baiting methods only, in
rotation with other baits, or used as a “mop up”
bait for any survivors in an eradication project
for rodents that did not consume sufficient
quantities of the primary bait.

Contact: Emily Ruell
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In July 2024, EPA approved

a label amendment to allow
GonaCon-Prairie Dogs (EPA
Reg. No. 56228-64) to be used
on both male and female
prairie dogs.

Photo by Adobe Stock

* GonaCon-Prairie Dogs. In July 2024, EPA

approved a label amendment to allow
GonaCon-Prairie Dogs (EPA Reg. No. 56228-64)
to be used on both male and female prairie
dogs (sub-adult and adult black-tailed, white-
tailed, and Gunnison’s prairie dogs). GonaCon-
Prairie Dogs can be applied by WS employees or
State wildlife management agency personnel.

Contact: Emily Ruell

Technology Transfer

¢ Pocatello Supply Depot. In 2024, the adminis-

trative oversight of the Pocatello Supply Depot
(PSD) was transferred from the WS Deputy
Administrator’s Office to the NWRC. The PSD

is the manufacturing entity of the WS program
and has been in operation in Pocatello, Idaho,
since 1936. The PSD has laboratory, manufac-
turing, and storage facilities. PSD products are
available for sale to Federal and non-federal
agencies, organizations, commercial busi-
nesses, and individuals. The goal of the PSD is
to ensure WS employees and others engaged
in wildlife damage management have access
to specialized products and services that are
not available on the commercial market. This is
accomplished through:
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« Producing specialized wildlife damage
management equipment and supplies

« Coordinating and maintaining pesticide
registrations

« Formulating APHIS-registered vertebrate
pesticides

« Providing technical assistance and coordi-
nating testing and development of existing
control methods and other WS services

« Disseminating technical information
concerning production, shipment, storage,
and disposal of materials provided by the
depot

* New Inventions, Patents, and Licenses.
In fiscal year (FY) 2024, NWRC scientists were
awarded three patents (1 U.S., 2 foreign),
converted four provisional patents to full patent
applications, and filed five provisional patents.
See the following table for details on issued
patents. NWRC scientists also disclosed new
inventions to the NWRC Technology Transfer
Office. Patent licenses paid approximately
$119,000 in royalties in FY 2024.

An example of one of NWRC’s recently filed pro-
visional patents involves the development of a

new nonlethal predator damage management
tool called a flashtag. Researchers with NWRC’s



Predator Project partnered with WS Operations
and a private inventor to create the novel LED
light deterrent that protects cattle and sheep
from predation by large carnivores, such as
wolves. Producers can attach the flashtags to
the ears of their livestock using standard ear-tag
equipment. The device only activates when

itis dark, and the animalis in rapid motion.

The light emitted from these low cost, solar-
powered tags likely confuses predators when

Rotary manifold for paper-based

they pursue the tagged livestock. Researchers
are working with the USDA Agricultural
Research Service and multiple private ranching
operations across Arizona, Colorado, Idaho,
Montana, Nebraska, Oregon, Utah, Wisconsin,
Wyoming, and Chihuahua, Mexico, to further
test the effectiveness of the flashtags to protect
cattle and sheep from predation.

Contact: Sarah Hibbs-Shipp

immunoassays

Preventing birds from ingesting
pesticide-treated substances

Repellent and attractant
composition for dichromatic
animals

Ultraviolet strategy for avian
repellency

Franklin, A, Henry, C., United States US11291997B2

Feeny, R, Carrell, C.

(Colorado State University)

Werner, S., Ballinger, K. China CN113329625A

(Arkion Life Science) CN113329625B

Werner, S., Ballinger, K. Egypt 30898

(Arkion Life Science) Indonesia IDP000079290
United States US11252953B2
China CN1086013468B
United States US10638745B2

Werner, S. Canada CA2954333C
China CN106793770B
Australia AU2014400622B2
United States US9131678B1
Vietnam 37148

APHIS filed a provisional
patent with the U.S. Patent
and Trademark Office for

a new nonlethal predator
damage management

tool called a flashtag. The
device was created by NWRC
researchers with the help of
a private inventor and WS
Operations field specialists.
Photos by USDA Wildlife Services

List of NWRC-issued patents.
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https://gcc02.safelinks.protection.outlook.com/?url=https%3A%2F%2Fpatents.google.com%2Fpatent%2FCN106793770B%2Fen%3Fq%3D(Ultraviolet%2Bstrategy%2Bfor%2Bavian%2Brepellency)%26oq%3DUltraviolet%2Bstrategy%2Bfor%2Bavian%2Brepellency&data=05%7C01%7Cgail.m.keirn%40usda.gov%7C4909309c00574ded19bc08dbcb2f2d6d%7Ced5b36e701ee4ebc867ee03cfa0d4697%7C1%7C0%7C638327175711269168%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C3000%7C%7C%7C&sdata=n%2BK68Rm2LLWH6mjWibuZd3TjcKqmeFXt64dBo9D5O6Q%3D&reserved=0
https://gcc02.safelinks.protection.outlook.com/?url=https%3A%2F%2Fpatents.google.com%2Fpatent%2FAU2014400622B2%2Fen%3Fq%3D(Ultraviolet%2Bstrategy%2Bfor%2Bavian%2Brepellency)%26oq%3DUltraviolet%2Bstrategy%2Bfor%2Bavian%2Brepellency&data=05%7C01%7Cgail.m.keirn%40usda.gov%7C4909309c00574ded19bc08dbcb2f2d6d%7Ced5b36e701ee4ebc867ee03cfa0d4697%7C1%7C0%7C638327175711269168%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C3000%7C%7C%7C&sdata=qtzZ%2Bm%2Fp6K%2BGsPDKMY7v0Tr2f5UEDdWUlOMdYfVbsW8%3D&reserved=0
https://gcc02.safelinks.protection.outlook.com/?url=https%3A%2F%2Fpatents.google.com%2Fpatent%2FUS9131678B1%2Fen%3Fq%3D(Ultraviolet%2Bstrategy%2Bfor%2Bavian%2Brepellency)%26oq%3DUltraviolet%2Bstrategy%2Bfor%2Bavian%2Brepellency&data=05%7C01%7Cgail.m.keirn%40usda.gov%7C4909309c00574ded19bc08dbcb2f2d6d%7Ced5b36e701ee4ebc867ee03cfa0d4697%7C1%7C0%7C638327175711269168%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C3000%7C%7C%7C&sdata=tAGJkvOSgGy0oA9U5cy4MpUdhxiIXCxJMqTtk6wgLwM%3D&reserved=0

List of NWRC-issued patents
(continued.)

Method for repelling rodents

Use of visual cues to enhance
bird repellent compounds

System and method for collision
prevention

Microfluidized mycobacterium
avium fragments as an adjuvant
and carrier for mucosal vaccine
delivery

Container apparatus brown
treesnake

Adjuvanted rabies vaccine with
improved viscosity profile

Use of gonadotropin-releasing
hormone (GnRH) and analogs
in the prevention and treatment
of pet ferret adrenocortical
hyperplasia

Trapping method and apparatus

Vaccine compositions and
adjuvant

Selectively accessible feeder

Werner, S., Ballinger, K.
(Arkion Life Science)

Werner, S., Ballinger, K
(Arkion Life Science)

DeVault, T, Blackwell, B.,
and Seamans, T.

Mauldin, R., Eckery, D.,
Miller. D.

Pitt, W., Savarie, P.,

Messaros, M. (Applied Design

Corporation)

Miller, L., Fry, T., Hurley, J.,
Maki, J. (Merial Inc.)

Miller, L., Wagner, B.
(University of Pittsburgh)

Humphrey, J.

Miller, L., Rhyan, J.

Lavelle, M., Halseth, J.,

Snow, N. and Staples, L.,
Lake, B. (Animal Control
Technologies, Australia)

Canada CA2936508C
Australia AU2015204488B2
United States US9999220B2
Japan JP6641353B2
Australia AU2015294513C1
China CN106998674B
United States US11142173B2
United States US10434171B2
United States US9730438B2
United States US9216213B2
United States US8927495B1
United States US8407931B1
United States UST7731939B2
United States US20210204509A1

¢ Technology Transfer Agreements. \WS part-
ners with universities, private companies, and
others to promote research and development
for new products that help manage wildlife
damage. WS formalizes these partnerships
through a variety of intellectual property
agreements. In FY 2024, NWRC entered into
43 new technology transfer agreements: 7
confidentiality agreements, 3 data sharing

NWRC ACCOMPLISHMENTS, 2024

agreements, 16 material transfer agreements,
13 material transfer research agreements, and 6
cooperative research and development agree-
ments. Of the 43 agreements, 9 of them are with
international cooperators. Technology transfer
services were provided to the NWRC, several
WS national programs, and WS Operations.

Contact: Sarah Hibbs-Shipp


https://gcc02.safelinks.protection.outlook.com/?url=https%3A%2F%2Fpatents.google.com%2Fpatent%2FCA2936508C%2Fen%3Finventor%3DScott%2BJohn%2BWerner&data=05%7C01%7Cgail.m.keirn%40usda.gov%7C4909309c00574ded19bc08dbcb2f2d6d%7Ced5b36e701ee4ebc867ee03cfa0d4697%7C1%7C0%7C638327175711269168%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C3000%7C%7C%7C&sdata=ZBu2r%2FqGppB4WFPQ10A%2F61V%2FdAAUYWC4vUzHYDEuPUY%3D&reserved=0
https://gcc02.safelinks.protection.outlook.com/?url=https%3A%2F%2Fpatents.google.com%2Fpatent%2FAU2015204488B2%2Fen%3Finventor%3DScott%2BJohn%2BWerner&data=05%7C01%7Cgail.m.keirn%40usda.gov%7C4909309c00574ded19bc08dbcb2f2d6d%7Ced5b36e701ee4ebc867ee03cfa0d4697%7C1%7C0%7C638327175711269168%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C3000%7C%7C%7C&sdata=Inz1GfGKfR%2F76JQEc%2F4vAIilj56UO2AdBh6Q1wfxauQ%3D&reserved=0
https://gcc02.safelinks.protection.outlook.com/?url=https%3A%2F%2Fpatents.google.com%2Fpatent%2FUS9999220B2%2Fen%3Finventor%3DScott%2BJohn%2BWerner&data=05%7C01%7Cgail.m.keirn%40usda.gov%7C4909309c00574ded19bc08dbcb2f2d6d%7Ced5b36e701ee4ebc867ee03cfa0d4697%7C1%7C0%7C638327175711269168%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C3000%7C%7C%7C&sdata=jAdP7JIFvsK%2B53TMheHVip%2FvTOt%2BUgSC9k54rbAPLls%3D&reserved=0
https://gcc02.safelinks.protection.outlook.com/?url=https%3A%2F%2Fpatents.google.com%2Fpatent%2FJP6641353B2%2Fen%3Fq%3D(Use%2Bof%2Bvisual%2Bcues%2Bto%2Benhance%2Bbird%2Brepellent%2Bcompounds)%26oq%3DUse%2Bof%2Bvisual%2Bcues%2Bto%2Benhance%2Bbird%2Brepellent%2Bcompounds&data=05%7C01%7Cgail.m.keirn%40usda.gov%7C4909309c00574ded19bc08dbcb2f2d6d%7Ced5b36e701ee4ebc867ee03cfa0d4697%7C1%7C0%7C638327175711269168%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C3000%7C%7C%7C&sdata=Ll9Jaho9vnIXpVVqO25NlxQ7uFm2QeVTrSLYlpVO7%2Bg%3D&reserved=0
https://gcc02.safelinks.protection.outlook.com/?url=https%3A%2F%2Fpatents.google.com%2Fpatent%2FAU2015294513C1%2Fen%3Fq%3D(Use%2Bof%2Bvisual%2Bcues%2Bto%2Benhance%2Bbird%2Brepellent%2Bcompounds)%26oq%3DUse%2Bof%2Bvisual%2Bcues%2Bto%2Benhance%2Bbird%2Brepellent%2Bcompounds&data=05%7C01%7Cgail.m.keirn%40usda.gov%7C4909309c00574ded19bc08dbcb2f2d6d%7Ced5b36e701ee4ebc867ee03cfa0d4697%7C1%7C0%7C638327175711269168%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C3000%7C%7C%7C&sdata=YkDpL0viA6JKm4C%2FjCqkJ3GzdHGSrI7RvIK7rhM6ZB4%3D&reserved=0
https://patents.google.com/patent/CN106998674B/en?inventor=John+WERNER+Scott&peid=61f4443d3ef80%3A38e%3A4694da91
https://gcc02.safelinks.protection.outlook.com/?url=https%3A%2F%2Fpatents.google.com%2Fpatent%2FUS11142173B2%2Fen%3Foq%3DUS11142173&data=05%7C01%7Cgail.m.keirn%40usda.gov%7C4909309c00574ded19bc08dbcb2f2d6d%7Ced5b36e701ee4ebc867ee03cfa0d4697%7C1%7C0%7C638327175711269168%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C3000%7C%7C%7C&sdata=VZLGrQpCwHK7bu5Cd9LHmvmD4XAOpcSYKHfVh6PprO4%3D&reserved=0
https://gcc02.safelinks.protection.outlook.com/?url=https%3A%2F%2Fpatents.google.com%2Fpatent%2FUS10434171B2%2Fen%3Foq%3D10%252c434171&data=05%7C01%7Cgail.m.keirn%40usda.gov%7C4909309c00574ded19bc08dbcb2f2d6d%7Ced5b36e701ee4ebc867ee03cfa0d4697%7C1%7C0%7C638327175711269168%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C3000%7C%7C%7C&sdata=woylOsVd2A%2FQ5gur5eu%2FUxI2AFpcRj5VJZaXlz5FA9s%3D&reserved=0
https://gcc02.safelinks.protection.outlook.com/?url=https%3A%2F%2Fpatents.google.com%2Fpatent%2FUS9730438B2%2Fen%3Foq%3D9%252c730%252c438&data=05%7C01%7Cgail.m.keirn%40usda.gov%7C4909309c00574ded19bc08dbcb2f2d6d%7Ced5b36e701ee4ebc867ee03cfa0d4697%7C1%7C0%7C638327175711269168%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C3000%7C%7C%7C&sdata=HcDCyN4blofzDlJjd9ydxDHlNWVMFsWsJtBGCh22OfU%3D&reserved=0
https://gcc02.safelinks.protection.outlook.com/?url=https%3A%2F%2Fpatents.google.com%2Fpatent%2FUS9216213B2%2Fen%3Foq%3D9%252c216%252c213&data=05%7C01%7Cgail.m.keirn%40usda.gov%7C4909309c00574ded19bc08dbcb2f2d6d%7Ced5b36e701ee4ebc867ee03cfa0d4697%7C1%7C0%7C638327175711269168%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C3000%7C%7C%7C&sdata=d%2Bd3lQj%2BCUdyxwWyfbfkD3B789QWybqfkUz1Fqy5no8%3D&reserved=0
https://gcc02.safelinks.protection.outlook.com/?url=https%3A%2F%2Fpatents.google.com%2Fpatent%2FUS8927495B1%2Fen%3Foq%3D8%252c927%252c495&data=05%7C01%7Cgail.m.keirn%40usda.gov%7C4909309c00574ded19bc08dbcb2f2d6d%7Ced5b36e701ee4ebc867ee03cfa0d4697%7C1%7C0%7C638327175711269168%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C3000%7C%7C%7C&sdata=q0Mqg3DkfawTvrN3NcCOHf904ec8fVYydqk2EmqIobw%3D&reserved=0
https://gcc02.safelinks.protection.outlook.com/?url=https%3A%2F%2Fpatents.google.com%2Fpatent%2FUS8407931B1%2Fen%3Foq%3D8%252c407%252c931&data=05%7C01%7Cgail.m.keirn%40usda.gov%7C4909309c00574ded19bc08dbcb2f2d6d%7Ced5b36e701ee4ebc867ee03cfa0d4697%7C1%7C0%7C638327175711269168%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C3000%7C%7C%7C&sdata=yfzpLqOF8Q%2FsO%2FWrzOi2QRScrlwNKLT5wnxUiUn7Q7k%3D&reserved=0
https://gcc02.safelinks.protection.outlook.com/?url=https%3A%2F%2Fpatents.google.com%2Fpatent%2FUS7731939B2%2Fen%3Fq%3D(Vaccine%2Bcompositions%2Band%2Badjuvant)%26inventor%3Dmiller%252c%2BL%3B%26oq%3Dmiller%252c%2BL%3B%2BVaccine%2Bcompositions%2Band%2Badjuvant&data=05%7C01%7Cgail.m.keirn%40usda.gov%7C4909309c00574ded19bc08dbcb2f2d6d%7Ced5b36e701ee4ebc867ee03cfa0d4697%7C1%7C0%7C638327175711424822%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C3000%7C%7C%7C&sdata=1lZ9pVEfnc8Dw814lNOYIrnzn9VPbII6MaDf2OdheOs%3D&reserved=0
https://gcc02.safelinks.protection.outlook.com/?url=https%3A%2F%2Fpatents.google.com%2Fpatent%2FUS20210204509A1%2Fen%3Foq%3DUS17%252f270%252c855&data=05%7C01%7Cgail.m.keirn%40usda.gov%7C4909309c00574ded19bc08dbcb2f2d6d%7Ced5b36e701ee4ebc867ee03cfa0d4697%7C1%7C0%7C638327175711424822%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C3000%7C%7C%7C&sdata=Ivo3rY%2FLoYMSgO5xMGjPjiBnwkpfuApgeKs%2FO4KCMHw%3D&reserved=0

Awards

® 2023 NWRC Publication Award. Each year,
the NWRC Publication Awards Committee,
composed of NWRC scientists, reviews more
than 100 publications generated by NWRC
colleagues. The resulting peer-recognized
award honors outstanding contributions to
science and wildlife damage management. In
2024, the committee reviewed 119 publications
published in 2023 and presented the award to
Drs. Stewart Breck, Amy Davis, and Kim Pepin
fortheir paper evaluating factors affecting the
recovery of endangered Mexican wolves in the
United States. Co-authors included WS Arizona
State director Dave Bergman and experts from
the U.S. Fish and Wildlife Service and Arizona
Game and Fish Department.

Breck, SW., A.J. Davis, J.K. Oakleaf D.L.
Bergman, J. deVos, J.P. Greer, and K. Pepin.
2023. Factors affecting the recovery of Mexican

wolves in the Southwest United States. Journal
of Applied Ecology 60(10): 2199-2209. doi:
10.1111/1365-2664.14483

See summary of the study on page 38 of

this report. The NWRC Publication Awards
Committee selected this publication because
of its impactful research, reliable data analysis,
complexity, and innovative use of data.

°* NWRC Employee of the Year Awards.
The winners of this award are nominated by
their peers as employees who have clearly
exceeded expectations in their contributions to
the NWRC mission. The winners this year are:

+ Dr. Jennifer Malmberg
research grade scientist; Chronic Wasting
Disease Project; Fort Collins, CO

+ Dr. Hayden Hamby
support scientist; Laboratory Support
Services Unit; Fort Collins, CO

NWRC supervisory research
wildlife biologist Dr. Alan
Franklin was honored with
The Wildlife Society’s Fellows
Award for exceptional service
to the wildlife profession.
Photo by USDA Wildlife Services

« Caitlyn Clifford
biological science technician; Aquaculture
Project; Fort Collins, CO

+ Talia Bogaard
administrative support; Administration
Unit; Fort Collins, CO

* The Wildlife Society’s Fellows Award.

NWRC supervisory research wildlife biologist
Dr. Alan Franklin was honored with The Wildlife
Society’s (TWS) Fellows Award on October
20,2024, during TWS’ 2024 conference in
Baltimore, Maryland. This award recognizes
current TWS members who have distinguished
themselves through exceptional service to

the wildlife profession. TWS Fellows serve as
ambassadors of TWS and are encouraged to
engage in outreach and other activities that will
benefit and promote both TWS and the wildlife
profession. Fellows are appointed for life.

Dr. Franklin is Project Leader for the NWRC’s
Wildlife Pathogens, Agriculture, and One
Health Project. His expertise is primarily on the
ecology and dynamics of wildlife populations,
particularly in integrating quantitative analysis
of empirical data with ecological theory and
integrating wildlife population ecology with
wildlife disease ecology. He currently works on
avian influenza surveillance and monitoring in
wildlife, and ecology of pathogenic and antimi-
crobial resistant bacteria in wildlife populations
at the wildlife-agricultural interface.

2024 ACCOMPLISHMENTS IN BRIEF


https://nwrc.contentdm.oclc.org/digital/collection/NWRCPubs1/id/73417/rec/3
https://nwrc.contentdm.oclc.org/digital/collection/NWRCPubs1/id/73417/rec/3

2024 Publications



The transfer of scientific information is an
important part of the research process. NWRC
scientists and other WS experts publish in a variety
of peer-reviewed journals that cover a wide range
of disciplines, including wildlife management,
genetics, analytical chemistry, ornithology, and
ecology. (Note: 2023 publications that were not
included in the 2023 NWRC accomplishments
report are listed here.)

During FY24, NWRC had 185 active studies,
produced 100 publications, collaborated with
more than 155 entities, and had over 123,000
downloads from Digital Commons.

Ahlstrom, C.A., M.K. Torchetti, J.K. Lenoch,

K.B. Beckmen, M.B. Boldenow, E.J. Buck, B.D.
Daniels, K. Dilione, R. Gerlach, K. Lantz, A.

Matz, R.L. Poulson, L.C. Scott, G. Sheffield, D.
Sinnett, D.E. Stallknecht, R. Stimmelmayr, E.
Taylor, AR. Williams, and A.M. Ramey. Genomic

Antaky, C.C., RT. Sugihara, I.L. Leinbach,

S.R. Siers, EW. Ruell, and S.C. Hess. 2023.
Development and evaluation of prototype
toxicant-delivery bait stations for the control

of the small Indian mongoose. Management of
Biological Invasions 14(4): 775-791. doi: 10.3391/
mbi.2023.14.4.12

Arneson, J.R., D.A. Peloquin, T.G. Prestby,

and S.P. Saunders. 2024. Common Grackle
(Quiscalus quiscula) predation of a Great Lakes
Piping Plover (Charadrius melodus) nest and its
conservation implications. Waterbirds 47(1): 1-6.
doi: /10.1675/063.047.0111

Azeem, S., J. Baroch, D. Tewari, K.L. Pabilonia, M.
Killian, B. Bradel-Tretheway, D. Sun, S. Ghorbani-
Nezami, and K.-J. Yoon. 2024. Molecular
Characterization of Non-H5 and Non-H7 Avian

Influenza Viruses from Non-Mallard Migrator

Waterbirds of the North American Flyways,

characterization of highly pathogenic H5 avian

2006-2011. Pathogens 13(4): 333. doi: 10.3390/

influenza viruses from Alaska during 2022

provides evidence for genotype-specific trends of

spatiotemporal and interspecies dissemination.
Emerging Microbes & Infections 13(1), 2406291.
doi: 10.1080/22221751.2024.2406291

Ammar, S., T.J. Dawant, J. Kelly, G. Hickling, J.
Brown, K. Van Why, R. Poulson, C. Su, and R.
Gerhold. 2024. Toxoplasma gondii survey in
waterfowl and gulls from eight US states. Journal
of Wildlife Diseases 60(2): 542-545. doi: 10.7589/
JWD-D-22-00132

pathogens13040333

Baker, E., A. Jensen, D. Miller, K.B. Garrett, C.A.
Cleveland, J. Brown, K. Van Why, and R. Gerhold.
2023. Hepatozoon spp. infection in wild canids in

the eastern United States. Parasites & Vectors 16:
372.doi: 10.1186/s13071-023-05968-x

Barmentlo, NW.G., P.G. Meirmans, W.H. Stiver,
J.G. Yarkovich, B.E. McCann, A.J. Piaggio, D.
Wright, T.J. Smyser, and M. Bosse. 2024. Natural
selection on feralization genes contributed to

the invasive spread of wild pigs throughout the

United States. Molecular Ecology 33: €17383. doi:

10.1111/mec.17383

2024 PUBLICATIONS


https://eosfcweb01.eosfc-intl.net/cp4810_U95041_Documents/Text Collections/WS Publications/2022-2025/REP 2024-100.pdf
https://eosfcweb01.eosfc-intl.net/cp4810_U95041_Documents/Text Collections/WS Publications/2022-2025/REP 2024-100.pdf
https://eosfcweb01.eosfc-intl.net/cp4810_U95041_Documents/Text Collections/WS Publications/2022-2025/REP 2024-100.pdf
https://eosfcweb01.eosfc-intl.net/cp4810_U95041_Documents/Text Collections/WS Publications/2022-2025/REP 2024-100.pdf
https://eosfcweb01.eosfc-intl.net/cp4810_U95041_Documents/Text Collections/WS Publications/2022-2025/REP 2024-100.pdf
https://eosfcweb01.eosfc-intl.net/cp4810_U95041_Documents/Text Collections/WS Publications/2022-2025/REP 2024-037.pdf
https://eosfcweb01.eosfc-intl.net/cp4810_U95041_Documents/Text Collections/WS Publications/2022-2025/REP 2024-037.pdf
https://eosfcweb01.eosfc-intl.net/cp4810_U95041_Documents/Text Collections/WS Publications/2022-2025/REP 2023-093.pdf
https://eosfcweb01.eosfc-intl.net/cp4810_U95041_Documents/Text Collections/WS Publications/2022-2025/REP 2023-093.pdf
https://eosfcweb01.eosfc-intl.net/cp4810_U95041_Documents/Text Collections/WS Publications/2022-2025/REP 2023-093.pdf
https://eosfcweb01.eosfc-intl.net/cp4810_U95041_Documents/Text Collections/WS Publications/2022-2025/REP 2024-087.pdf
https://eosfcweb01.eosfc-intl.net/cp4810_U95041_Documents/Text Collections/WS Publications/2022-2025/REP 2024-087.pdf
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Appendix 1

List of 2024 NWRC Research Projects and Support Units

Developing and Evaluating Tools and Strategies
for CWD Detection and Management

Project Leader: Jennifer Malmberg

Defining Economic Impacts and Developing
Strategies for Reducing Avian Predation in
Aquaculture

Project Leader: Fred Cunningham

Developing Control Methods, Evaluating
Impacts, and Applying Ecology To Manage
Carnivores

Project Leader: Dustin Ranglack

Management of Ungulate Damage and Disease:
Emphasis Feral Swine

Project Leader: Kurt VerCauteren

Evaluation, Development, and Assessment of
Agents and Technologies Designed To Control
Wildlife Populations

Project Leader: Jason Bruemmer

Economics, Operations Research, and Social
Dimensions of Wildlife Management

Project Leader: Stephanie Shwiff

NWRC ACCOMPLISHMENTS, 2023

Evaluation and Development of Wildlife
Repellents and Repellent Application Strategies

Project Leader: Scott Werner

Methods Development and Implementation of
Genetic Approaches at the Livestock-Wildlife
Interface

Project Leader: Antoinette Piaggio

Methods and Strategies for Wildlife Rabies
Control and Elimination

Project Leader: Amy Gilbert

Methods and Strategies To Manage Invasive
Species Impacts to Agriculture, Natural
Resources, and Human Health and Safety in
Island Ecosystems

Project Leader: Steven Hess

Methods and Strategies To Manage Semi-
Aquatic and Terrestrial Rodent Damage to
Agriculture, Natural Resources, and Human
Health and Safety

Project Leader: Aaron Shiels



Methods Development and Damage
Management of Depredating Birds and
Invasive Wildlife

Project Leader: Bryan Kluever

Methods Development To Reduce Bird Damage
to Agriculture: Evaluating Methods at Multiple
Biological Levels and Landscape Scales

Project Leader: Page Klug

Understanding and Exploiting Wildlife Behavior
To Mitigate Wildlife Collisions With Aircraft,
Other Vehicles, and Structures

Project Leader: Brad Blackwell

Wildlife Pathogens, Agriculture, and One Health

Project Leader: Alan Franklin

Wildlife Disease Dynamics, Epidemiology,
and Response

Project Leader: Jeff Root

Human Dimensions

Unit Leader: Keith Carlisle

Regulatory Support Services
Unit Leader: Sarah Hibbs-Shipp

Laboratory Support Services

Unit Leader: Jeffrey Chandler

Information Services

Unit Leader: Mary Foley

Animal Care

Unit Leader: Elizabeth Falendysz

Administration

Unit Leader: Natalie Erhart

More information about these projects and units is available online: :

www.aphis.usda.gov/wildlifedamage/nwrc
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NWRC Research Contacts

Altringer, Levi

Blackwell, Bradley

Breck, Stewart

Bruemmer, Jason

Carlisle, Keith

Chandler, Jeffrey

Christiansen, Jeffrey

Claunch, Natalie

Cunningham, Fred

Davis, Amy

Dorr, Brian

Drabik-Hamshare

(Pfeiffer), Morgan

Erhart, Natalie

Falendysz, Elizabeth

(970) 266-6060
levi.altringer@usda.gov

(419) 625-0242 ext. 15
bradley.f.blackwell@usda.gov

(970) 559-8805
stewart.w.breck@usda.gov

(970) 266-6035
jason.bruemmer@usda.gov

(970) 266-6047
keith.m.carlisle@usda.gov

(970) 266-6090
jeffrey.c.chandler@usda.gov

(970) 266-6314
jeffrey.christiansen@usda.gov

(352) 448-2145
natalie.claunch@usda.gov

(662) 325-8612
fred.l.cunningham@usda.gov

(970) 266-6313
amy.j.davis@usda.gov

(662) 325-8216
brian.s.dorr@usda.gov

(419) 625-0242

morgan.b.drabik-hamshare@usda.gov

(970) 266-6033
natalie.erhart@usda.gov

(970) 266-6364

Economics

Project Leader: Aviation safety,
lighting systems

Predator-prey relationships
Project Leader: Population
management, fertility control
Unit Leader: Human dimensions
Unit Leader: Laboratory support
services

Chronic wasting disease
Invasive birds and reptiles
Project Leader: Aquaculture,
fish-eating birds

Rabies, modeling

Aquaculture, fish-eating birds
Aviation safety, drones, vultures
Unit Leader: Administration;

Administrative Officer

Unit Leader: Animal care;

elizabeth.falendysz@usda.gov Supervisory Attending Veterinarian

Foley, Mary (970) 266-6023 Unit Leader: Library, web, archives
mary.f.foley@usda.gov
Franklin, Alan (970) 266-6137 Project Leader: Emerging infectious

alan.b.franklin@usda.gov diseases, food safety
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Gilbert, Amy

Goetz, Scott

Haller, Kerry

Hamby, Hayden

Hess, Steven

Hibbs-Shipp, Sarah

Horak, Katherine

Kluever, Bryan

Klug, Page

Malmberg, Jennifer

Maybon, Larry

Milholland, Matthew

Nicholas, Kellie

Parrie, Lindsay

Pepin, Kim

Phillips, Aaron

(970) 266-6054
amy.t.gilbert@usda.gov

(970) 266-6008
scott.goetz@usda.gov

(970) 266-6134
kerry.l.haller@usda.gov

(970) 266-6230
hayden.hamby@usda.gov

(808) 932-4751
steven.hess@usda.gov

(970) 266-6048
sarah.hibbs-shipp@usda.gov

(970) 266-6168
katherine.e.horak@usda.gov

(352) 448-2130
bryan.kluever@usda.gov

(701) 231-5190
page.e klug@usda.gov

(970) 266-6286
jennifermalmberg@usda.gov

(970) 266-6029
larry.maybon@usda.gov

(662) 325-8314
matthew.milholland@usda.gov

(970) 266-6065
kellie.r.nicholas@usda.gov

(970) 266-6156
lindsay.parrie@usda.gov

(970) 266-6162
kim.m.pepin@usda.gov

(970) 266-5752
aaron.phillips@usda.gov

Project Leader: Rabies

Emerging infectious diseases, food

safety

Budget Supervisor

Formulation chemistry

Project Leader: Island invasives
Unit Leader: Regulatory Support
Services; Technology Transfer
Toxicology, pesticides

Project Leader: Invasive species,

birds, reptiles

Project Leader: Bird damage to
agriculture

Project Leader: Chronic wasting
disease

Facilities Supervisor
Aquaculture, fish-eating birds
Bioarchivist

Chronic wasting disease

Modeling, quantitative ecology

Wildlife Disease Diagnostic
Laboratory Manager
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Piaggio, Toni

Ranglack, Dustin

Robinson, Stacie

Root, Jeff

Ruell, Emily

Shiels, Aaron

Shwiff, Stephanie

Siers, Shane

Smith, Peter

Smyser, Timothy

Snow, Nathan

Sutliff, Aimee

Towner, Clint

VerCauteren, Kurt

Washburn, Brian

Werner, Scott
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(970) 266-6142
toni.j.piaggio@usda.gov

(435) 245-6091
dustin.ranglack@usda.gov

(970) 266-6134
stacie.robinson@usda.gov

(970) 266-6050
jeff.root@usda.gov

(970) 266-6161
emily.w.ruell@usda.gov

(970) 266-6374
aaron.b.shiels@usda.gov

(970) 266-6150
stephanie.a.shwiff@usda.gov

(671) 686-1334
shane.r.siers@usda.gov

(970) 266-6082
peter.smith?2@usda.gov

(970) 266-6365
timothy.j.smyser@usda.gov

(970) 266-6041
nathan.p.snow@usda.gov

(970) 266-6153
aimee.sutliff@usda.gov

(208) 236-6920
ws.psd@usda.gov

(970) 266-6093
kurt.c.vercauteren@usda.gov

(419) 625-0242 ext. 12
brian.e.washburn@usda.gov

(970) 266-6136
scott.j.werner@usda.gov

Project Leader: Genetics

Project Leader: Predators

Semi-aquatic rodents

Wildlife diseases

Registration Manager

Project Leader: Rodents

Project Leader: Economics

Island invasives, brown treesnakes,

Guam

Fertility control

Genetics

Feral swine

Toxicology

Pocatello Supply Depot Manager

Project Leader: Feral swine,

ungulates

Aviation safety, bird movements,
raptors

Project Leader: Repellents
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Appendix 3

Acronyms and Abbreviations

AlV

APHIS

ASF
AWHP

BAPs-MNBs

BAS
bTB

CBD

csu
cwD
DFTD
DNA
DWRC
eDNA

ELISA

EPA

FDA

FRDD
GnRH

GPS

avian influenza virus

Animal and Plant Health
Inspection Service

African swine fever
Airport Wildlife Hazards Program

branched amphiphilic peptide-
coated magnetic nanobeads

Bio-Archive Storage
bovine tuberculosis

cannabinoid

Colorado State University
chronic wasting disease

devil facial tumor disease
deoxyribonucleic acid

Denver Wildlife Research Center
environmental DNA

enzyme-linked immunosorbent
assay

U.S. Environmental Protection
Agency

U.S. Food and Drug
Administration

free roaming domestics dog
gonadotropin-releasing hormone

global positioning system

IAV
LED

NFSDMP

NRMP

NWDP
NWRC
oBV
ORV
PVC
RNA
RRV
RT-QuiIC
RV

RVNA

SARS-CoV-2

TV
TVR
TWS
URI
USDA

WS

influenza A virus
light-emitting diode

National Feral Swine Damage
Management Program

National Rabies Management
Program

National Wildlife Disease Program
National Wildlife Research Center
oral baitvaccine

oral rabies vaccine

polyvinyl chloride

ribonucleic acid

raccoon rabies virus variant
real-time quaking-induced assay
rabies virus

rabies virus neutralizing
antibodies

severe acute respiratory
syndrome coronavirus 2

transmissible vaccine
trap-vaccinate-release

The Wildlife Society

University of Rhode Island

U.S. Department of Agriculture

Wildlife Services
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In accordance with Federal civil rights law and U.S. Department of Agriculture (USDA) civil rights regulations and policies,
the USDA, its Agencies, offices, and employees, and institutions participating in or administering USDA programs are
prohibited from discriminating based on race, color, national origin, religion, sex, disability, age, marital status, family/
parental status, income derived from a public assistance program, political beliefs, or reprisal or retaliation for prior civil
rights activity, in any program or activity conducted or funded by USDA (not all bases apply to all programs). Remedies
and complaint filing deadlines vary by program or incident.

Persons with disabilities who require alternative means of communication for program information (e.g., Braille, large
print, audiotape, American Sign Language, etc.) should contact the responsible Agency or USDA's TARGET Center at (202)
720-2600 (voice and TTY) or contact USDA through the Federal Relay Service at (800) 877-8339. Additionally, program
information may be made available in languages other than English.

To file a program discrimination complaint, complete the USDA Program Discrimination Complaint Form, AD-3027,
found online at How to File a Program Discrimination Complaint and at any USDA office or write a letter addressed to
USDA and provide in the letter all of the information requested in the form. To request a copy of the complaint form, call
(866) 632-9992. Submit your completed form or letter to USDA by: (1) mail: U.S. Department of Agriculture, Office of the
Assistant Secretary for Civil Rights, 1400 Independence Avenue, SW, Washington, D.C. 20250-9410; (2) fax: (202) 690-7442;
or (3) email: program.intake@usda.gov.

USDA is an equal opportunity provider, employer, and lender.

Mention of companies or commercial products does not imply recommendation or endorsement by USDA over others not mentioned. USDA neither
guarantees nor warrants the standard of any product mentioned. Product names are mentioned solely to report factually on available data and to provide
specific information.

This publication reports research involving pesticides. All uses of pesticides must be registered by appropriate State and/or Federal agencies before they
can be recommended.

CAUTION: Pesticides can be injurious to humans, domestic animals, desirable plants, and fish or other wildlife if they are not handled or applied properly.
Use all pesticides selectively and carefully. Follow recommended practices for disposal of surplus pesticides and pesticide containers.
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