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On behalf of the Botstiber Institute for Wildlife Fertility Control (BIWFC), welcome to Colorado Springs, Colorado
and the Cheyenne Mountain Resort, home of the 9th International Conference on Wildlife Fertility Control! This
conference is a continuation of an international conference series on the development of wildlife fertility control
methods and the role of fertility control in mitigating human-wildlife conflicts that began more than 34 years ago
in Philadelphia, Pennsylvania. Since then, subsequent conferences have been held in Melbourne, Australia (1989),
Denver, Colorado (1993), Great Krepple Island, Australia (1996), Kruger National Park, South Africa (2001), York,
United Kingdom (2007), Jackson, Wyoming (2012) and Washington, D.C. (2017). The 2017 conference was the
first time this series was hosted by the then newly established BIWFC, a partnership of the Dietrich W. Botstiber
Foundation and the Humane Society of the United States.
This year, we are thrilled to host speakers from around the world including the United States, United Kingdom,
Canada, Italy, Spain, Germany, India, Japan, South Africa, South America, and Australia. These noted speakers
will present in sessions on human dimensions, recent research, practical applications, identification and delivery,
modelling and data management, ethics and welfare, and social, economic, political and regulatory aspects of
the field.
Although significant progress has been made in this field since our last conference in 2017, two issues emerged
from that meeting that require our attention: 1. the need to raise public awareness, and the understanding of the
role that fertility control can play in mitigating human-wildlife conflict, and 2. cross disciplinary collaboration.
For this reason, the conference will include the participation of colleagues who work in the human dimensions
of wildlife field. For years, understanding public values and attitudes has taken a back seat to the development
and field testing of new agents, delivery methods, and procedures. Moving forward, implementation of practical
applications may need to be preceded by dynamic stakeholder engagement and outreach processes. We hope
to encourage collaboration with social scientists to develop guidelines to ensure that any wildlife management
action is justified and has broad public and stakeholder support prior to implementation.
The theme for this year’s conference is Creating Connections and, to that end, if you’ve attended this conference
series in the past and see some new faces, we strongly encourage you to introduce yourself and learn what led
them to attend the conference this year. By the same token, if you’re attending this conference series for the first
time, please introduce yourself to the BIWFC staff, our advisory board members and our conference committee.
We would love to get to know you and find out what motivated you to attend the conference. Also, a great way
to learn more about the field is to visit with our exhibitors throughout the conference.
A special thank you to our staff, conference committee, sponsors, and exhibitors for your hard work and support!

Monique Principi
Managing Director

Stephanie Boyles Griffin
Science and Policy Director
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Governor Jared Polis is an entrepreneur, educa on leader, public servant, and
Colorado na ve. A er launching several successful companies, including one out
of his college dorm room, Polis commi ed himself to making sure other Coloradans
had the opportunity to pursue their dreams. Polis founded schools for at-risk
students and new immigrants and started nonprofits to help veterans and
entrepreneurs.
Prior to serving as Governor, Polis served on the State Board of Educa on
where he worked to raise pay for teachers and reduce class size for students,
and represented Colorado's 2nd Congressional district, where he was rated the
most eﬀec ve member of the Colorado delega on.
As Governor, Polis has focused on saving Coloradans money, keeping their economy
strong, and preserving the Colorado way of life. Polis delivered universal free full-day
kindergarten, signed a number of bills to save families money on health care, and
made significant progress towards the goal of 100% renewable energy by 2040, all
while cu ng taxes for small businesses and inves ng in aﬀordable housing and transporta on. His eﬀorts to expand health
care access to medically underserved communi es and to ensure that equity and jus ce remain central to building a
Colorado for All have produced impac ul legisla on and made progress toward his administra on’s bold vision.

Mary Roach is the author of six New York Times bestsellers, including STIFF: The
Curious Lives of Human Cadavers; GULP: Adventures on the Alimentary Canal,
and PACKING FOR MARS: The Curious Science of Life in the Void. Her new book
FUZZ: When Nature Breaks the Law, debuted in September 2021. Mary's books
have been published in 21 languages, and her second book, SPOOK, was a New
York Times Notable Book.
Mary has wri en for Na onal Geographic, Wired, The New York Times Magazine,
and the Journal of Clinical Anatomy, among others. She was a guest editor of the
Best American Science and Nature Wri ng series and an Osher Fellow with the
San Francisco Exploratorium and serves as an advisor for Orion and Undark.
She has been a finalist for the Royal Society's Winton Prize and a winner of the
American Engineering Socie es' Engineering Journalism Award, in a category
for which, let's be honest, she was the sole entrant. Find out more about Mary
at www.maryroach.net.
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We would like to thank the following organizations for supporting
the 9th International Conference on Wildlife Fertility Control.
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At each interna onal conference, The Bots ber Ins tute for Wildlife Fer lity Control
recognizes and honors an individual who has had a profound impact on our field, one who
has an exemplary reputa on, and one who serves as a model, especially for emerging
prac oners and researchers. While the awards have had diﬀerent names, the intent has
been consistent.
For our 9th Interna onal Conference, The Bots ber Ins tute for Wildlife Fer lity Control
is pleased to present the Trailblazer Award to BIWFC Advisory Board and Conference
Commi ee member Cheryl Asa.
The name of this award is appropriate in both the figura ve and literal sense. Cheryl has
devoted 30+ years to research, wri ng, and teaching to advance an understanding of
reproduc ve strategies, their diﬀerences and adap ve value.
Cheryl established and served as director of the Associa on of Zoos and Aquariums (AZA)
Reproduc ve Management Center, formerly the AZA Wildlife Contracep on Center, for over 27 years. She concurrently
directed the Saint Louis Zoo’s Reproduc ve and Behavioral Sciences Department.
For more than 20 years, Cheryl supervised 27 graduate and post-doctoral students and taught courses in Animal Behavior
at Washington University and in Endocrinology and Behavioral Endocrinology at Saint Louis University.
Cheryl has published 180 scien fic ar cles, co-edited the book Wildlife Contracep on: Issues, Methods and Applica on,
and was lead author on the Fer lity Control chapter of the Na onal Academy of Sciences report on feral horse management.
Even in re rement, Cheryl con nues to blaze trails in wildlife fer lity control. In addi on to her service to The BIWFC, she
chairs the AZA Reproduc ve Management Center Advisory Board and is a Scien fic Advisory Board member of the Found
Animals Founda on and the Alliance for Contracep on in Cats and Dogs, as well as the IUCN Equid and Canid Specialist
Groups. She also con nues to run the gene banking program for the U.S. Fish & Wildlife Service Mexican wolf recovery
program.
Please join us in congratula ng our Trailblazer, Cheryl Asa!

This conference is intended to produce posi ve results to advance the use of wildlife fer lity control as a means to mi gate
human-wildlife conflicts. To that end, this conference promotes an environment that is inclusive, welcoming, suppor ve,
collabora ve and produc ve for all par cipants, including exhibitors, speakers, a endees, volunteers, vendors, and BIWFC staﬀ.
BIWFC (a neutral pla orm for advancing wildlife fer lity control) values the diversity of views, exper se, opinions, backgrounds,
and experiences reflected in our audience. To ensure a successful conference, all par cipants are expected to abide by the following
principles:

• Kindness and courtesy toward fellow par cipants
• Open and respec ul communica on
• Respect for diversity of opinions
• Professionalism
BIWFC, and its agents, may take any ac on deemed necessary, including the immediate removal from the event without warning or
refund, against any par cipant who engages in inappropriate behavior.
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Conference level

3:30 – 5:30 p.m.
White River II
Planning a project on wildlife fer lity control: what could possibly go wrong? Tips, ideas, and warnings from the field
Moderators:
Giovanna Massei, BIWFC Europe, UK
Jens Jacob, Julius Kühn-Ins tut, Germany
Douglas Eckery, United States Department of Agriculture Animal and Plant Health Inspec on Service,
Na onal Wildlife Research Center, Wildlife Services, USA

7:00 a.m. – 5:00 p.m.
Conference Level

7:00 – 8:15 a.m.
Mountain View Restaurant

8:00 a.m. - 5:00 p.m.
Conference Level

8:15 – 8:45 a.m.
Grand Rivers Ballroom
Terrance Kline, Trustee, Bots ber Founda on
Nicole Paque e, Chief Programs & Policy Oﬃcer,
Humane Society of the United States
President & Board Chair, Humane Society Wildlife Land Trust
Stephanie Boyles Griﬃn, Science and Policy Director, BIWFC
Giovanna Massei, Director, BIWFC Europe
Monique Principi, Managing Director, BIWFC

8:45 – 9:00 a.m.
Grand Rivers Ballroom
Wild equid fer lity control and stakeholder engagement
David Jenkins
Assistant Director, Resources and Planning
Bureau of Land Management,
U.S. Department of Interior, USA

9:00 – 9:15 a.m.
Crea ng connec ons to increase acceptance and use
of fer lity control for wildlife popula on management
Cheryl Asa
Advisory Board Chair
Associa on of Zoos and Aquariums
Reproduc ve Management Center, USA

9:15 - 9:30 a.m.
Engaging stakeholders and publics when biotechnology
goes "wild"
Jason Delborne
North Carolina State University, USA
9:30 - 9:45 a.m.
Stakeholder percep ons of fer lity management and
free-roaming equids: A gap analysis and guide to strategic
engagement
Terry Messmer
The Berryman Ins tute
Utah State University, USA
9:45 - 10:00 a.m.
Check your assump ons! The importance of human
dimensions research in wildlife management
Keith Carlisle
United States Department of Agriculture
Animal and Plant Health Inspec on Service
Na onal Wildlife Research Center, USA
(con nued)
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10:00 - 10:15 a.m.
Stakeholder views on grey squirrel popula on
control by gene drive technology
Sarah Hartley
University of Exeter, UK
10:15 - 10:30 a.m.
Q&A
10:30 - 10:40 a.m.

12:15 - 12:30 p.m.
Gene drive for controlling invasive vertebrates
and risk mi ga on approaches
Antoine e Piaggio
United States Department of Agriculture
Animal and Plant Health Inspec on Service
Na onal Wildlife Research Center, USA
12:30 - 12:50 p.m.
Q&A
12:50 - 2:15 p.m.
L
Mountain View Restaurant

10:40 - 11:00 a.m.
C
B

11:00 - 11:15 a.m.
Development of an appropriate adjuvant for a
novel immunocontracep ve for use in feral mares
Jason Bruemmer
United States Department of Agriculture
Animal and Plant Health Inspec on Service
Na onal Wildlife Research Center, USA
11:15 - 11:30 a.m.
Prospects for sustainable rodent pest control using
synthe c hormones levonorgestrel and quinestrol
Steven Belmain
University of Greenwich, UK
11:30 - 11:45 a.m.
Infer lity and beyond: the eﬀect of contracep on
on li er size
Rebecca Pinkham
Na onal Wildlife Management Centre
Animal and Plant Health Agency, UK
11:45 a.m. - 12:00 p.m.
Contracep ve eﬃcacy and safety profile of porcine and
recombinant zona pellucida vaccines formulated with a
non-freund’s adjuvant in Caribbean donkeys
Bri any Middlebrooks
Colorado State University, USA
12:00 - 12:15 p.m.
Viral vectors as a tool for the development of a
non-surgical sterilant
Thomas Conlon
Found Animals Founda on, USA
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2:15 - 2:30 p.m.
Long-term immunocontracep on to manage
feral ca le in Hong Kong
Giovanna Massei
BIWFC Europe, UK
Animal and Plant Health Agency, UK
2:30 - 2:45 p.m.
Two treatments of PZP-22 yield five or more years of
contracep on in white-tailed deer (Odocoileus virginianus)
Allen Rutberg
Cummings School of Veterinary Medicine
Tu s University, USA
2:45 - 3:00 p.m.
Hop to it! Advancing fer lity control for kangaroo
management in Australia
Catherine Herbert
University of Sydney, Australia
3:00 - 3:15 p.m.
Fer lity control of wild boar in northeastern Spain:
a pilot study in urban areas
Manel Lopez-Bejar
Universitat Autonoma de Barcelona, Spain
3:15 – 3:30 p.m.
C
B

3:30 – 3:45 p.m.
Popula on level eﬀects and behavior impacts on white-tailed
deer (Odocoileus virginianus) treated with PZP-22
in a suburban community in New York
Kali Pereira
The Humane Society of the United States, USA
Cummings School of Veterinary Medicine,
Tu s University, USA

3:45 – 4:00 p.m.
Controlling urban pigeon (Columba livia) popula on
humanely
Marco Pellizzari
ACME Srl, Italy
4:00 – 4:20 p.m.
Q&A

5:30 – 6:00 p.m.
Conference Level

6:00 – 7:00 p.m.
A Conversa on with Bestselling Author Mary Roach
Remington Rooms I and II

4:20 – 4:30 p.m.

7:00 – 8:30 p.m.
2022 Trailblazer Award Presenta on
Mountain View Restaurant

7:00 – 8:30 a.m.
Mountain View Restaurant

9:30 – 9:50 a.m.
Q&A

7:00 a.m. – 5:00 p.m.
Conference level

8:00 a.m. – 5:00 p.m.
Conference level

8:30 – 8:45 a.m.
Grey squirrel popula on control by gene drive technology
Bruce Whitelaw
University of Edinburgh, UK

9:50 – 10:15 a.m.
C
B

10:15 a.m. – 12:15 p.m.
White River Rooms I and II
(these sessions will run concurrently)
Scenario Delibera ons to Engage Stakeholders
Jason Delborne, Ka e Barnhill-Dilling
North Carolina State University, USA
Antoine e Piaggio
United States Department of Agriculture
Animal and Plant Health Inspec on Service
Na onal Wildlife Research Center, USA

8:45 – 9:00 a.m.
Remote delivery of contracep on, vaccines, and RFID chips
to wild/feral horses (Equus caballus) using a humane and
stress-free system
Roch Hart
Wildlife Protec on Management, USA

This breakout session will be an interac ve exercise to
showcase a methodology to engage stakeholders in
conversa ons and crea ve ways to express opinions,
communicate perspec ves, and wrestle with priori es
and tradeoﬀs when making diﬃcult decisions to test or
deploy emerging technologies for conserva on.

9:00 – 9:15 a.m.
Delivering oral contracep ves to grey squirrels
Sarah Beatham
Na onal Wildlife Management Centre
Animal and Plant Health Agency, UK

Discussion Mee ng on Human-Wildlife Interface:
The Indian Scenario
Polani Seshagiri, Raman Sukumar
Indian Ins tute of Science, India

9:15 – 9:30 a.m.
Developing a primate-specific bait delivery system for
crop-foraging primates in South Africa
Russell Hill
Durham University, UK

In this breakout session, Polani Seshagiri, Raman Sukumar,
Douglas Eckery, Sa sh Gupta, Andre Ganswindt and G.
Umapathy will be lead discussants. They will aim to:
(1) discuss and deliberate India-specific issues in the wild
fauna-human interface context in terms of the need to
consider key target Indian species that are frequently
confronted with humans in shared habitats; and, consider
the global scenario, (2) evolve poten al mi -

(con nued)
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ga ng measures with exper se in animal ecology and reproduc ve technology, (3) eﬀec vely connect interested internaonal group(s) to foster poten al collabora on and strategy
development and (4) take up poten al and prac cal fer lity
control-related projects to mi gate human-animal conflicts.
Following the interac ve session with par cipants,
lead-discussants will consolidate the mee ng outcome,
dra possible research ac on plans and develop poten al
future considera on or implementa on by stakeholders.
12:30 – 1:30 p.m.
L
Mountain View Restaurant

1:30 – 1:45 p.m.
Mul -objec ve modelling as a decision-support tool for
free-roaming horse management
Brian Folt
United States Geological Survey, USA
1:45 – 2:00 p.m.
Modelling the management of an invasive species at
landscape scale: are oral contracep ves the missing
ingredient for success?
Simon Cro
Na onal Wildlife Management Centre
Animal and Plant Health Agency, UK
2:00 – 2:15 p.m.
Field approaches to wild burro (Equus asinus) iden fica on
and remote-delivery of ZonaStat-H in an American western
landscape
Stephanie Boyles Griﬃn
The Humane Society of the United States, USA
The Bots ber Ins tute for Wildlife Fer lity Control, USA
2:15 – 2:30 p.m.
Q&A
2:30 – 2:50 p.m.
C
B

3:10 – 3:20 p.m.
Wilderness, zoo, ranch, or something else? Framing
our thinking about the welfare of free-roaming horses
and burros
Allen Rutberg
Cummings School of Veterinary Medicine,
Tu s University, USA
3:20 – 3:30 p.m.
Op mizing popula on density for wild animals’ welfare
Luke Hecht
Wild Animal Ini a ve, USA
3:30 – 4:00 PM
Panel Discussion - Welfare implica ons of fer lity control
Facilitated by Vi oria Ellio
Wild Animal Ini a ve, USA
Panelists:
Simon Eckerstrom Liedholm, Heather Browning, Allen
Rutberg, Luke Hecht, Jason Bruemmer (USDA, USA), Brandy
Pyzyna (Senestech, USA), Chris Yoder (formerly USDA, USA)
4:00 - 4:15 p.m.
Q&A

4:15 – 4:30 p.m.
Female African elephant (loxodonta africana)
immunocontracep on in South Africa: from pipe
dream to policy
Audrey Delsink
Humane Society Interna onal/Africa
4:30 – 4:45 p.m.
Fer lity control should be considered for rodent
eradica on from islands?
Lore a Mayer
FYXX Founda on, USA
4:45 – 5:00 p.m.
Twenty-five years of OvoControl® (nicarbazin 0.5%)
Erick Wolf
Innoly cs, LLC, USA
5:00 - 5:15 p.m.
Q&A

2:50 – 3:00 p.m.
Applica ons of fer lity control to improve
wild animal welfare
Simon Eckerström Liedholm
Wild Animal Ini a ve, USA
3:00 – 3:10 p.m.
Measuring the welfare impact of fer lity control
Heather Browning
London School of Economics and Poli cal Science, UK
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5:30 - 6:00 p.m.
Conference Level

6:00 - 8:00 p.m.
Mountain View Restaurant

7:00 – 8:30 a.m.
Mountain View Restaurant

8:00 a.m. – Noon
Conference Level

8:30 – 8:45 a.m.
The shi ing context of fer lity control within
conserva on prac ce
Paul Cryer
African Conserva on Trust, South Africa
8:45 – 9:00 a.m.
Interna onal perspec ves of rodent ecology
and management
Jens Jacob
Julius Kühn-Ins tut, Germany
9:00 – 9:15 a.m.
Deer impact management in New York City
Sarah Grimké Aucoin
New York City Parks and Recrea on, USA

10:30 a.m. – 12:00 p.m.
Establishing, Enhancing, and Maintaining Connec ons
Moderated by: Stephanie Boyles Griﬃn, Giovanna Massei
In this interac ve event, panelists and par cipants will meet to
discuss the future of wildlife fer lity control. We hope that the
outcome of the discussion will help provide conference
a endees and the BIWFC with ideas on how to con nue to build
upon the significant progress that has been made in this field
over the last five years. The conversa on will be guided by
three ques ons that will be presented at the beginning of the
conference and that par cipants will be encouraged to discuss
with fellow a endees – in-person or on the WHOVA conference
app – and then will be invited to share their perspec ves in the
final session of the conference.
1. How can we be er engage and communicate with
stakeholders, end users and the public to increase
understanding about the role that wildlife fer lity
control can play in human-wildlife conflict mi ga on
and to manage expecta ons?
2. How can we foster interdisciplinary coopera on and
share our work with other fields?
3. How can we improve channels of communica on and
increase opportuni es for collabora on?

9:15 – 9:30 a.m.
Species Conflict Resolu on from the Galápagos Islands
to the Magdalena River Basin, Colombia
Emma Cliﬀord
Animal Balance, USA
9:30 – 9:45 a.m.
Tes ng a GnRH vaccine towards the management
of feral hippopotami in Colombia
Jason Bruemmer
United States Department of Agriculture
Animal and Plant Health Inspec on Service
Na onal Wildlife Research Center, USA
9:45 – 10:05 a.m.
Q&A
10:05 – 10:30 a.m.
C
B

This year’s conference is powered by the Whova
Event App for mobile or desktop. With the Whova
platform you can view the conference agenda and
plan your schedule, access all session information,
revisit session recordings, network with other
attendees and sponsors, and much more.
Download the app from the Apple App Store for
iOS devices and Google Play for android devices.
After downloading, use your email address when
signing up in the app and choose a password, or
sign up using a social media account. Once
you’re signed up, you should be taken directly to
the conference site!
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Photo by Corey Berish

Fertility Control for Wild
Horses and Burros

The Bureau of Land Management manages and protects wild horses and burros on public lands as directed by the Wild Free-Roaming
Horses and Burros Act. As part of this mission, the BLM is committed
to the use of safe and effective fertility control methods to slow herd
growth and reduce the need for removing excess animals to protect
herd and land health.
The BLM primarily uses porcine zona pellucida (PZP) vaccines, GoQD&RQ(TXLQHYDFFLQHDQGVSHFLDOL]HGͥH[LEOH,8'VLQKHUGPDQDJHment today. The BLM continues to support novel research to develop
and test humane, longer-lasting fertility control methods that will
improve horse and burro management into the future.
The BLM accepts and reviews unsolicited research proposals.
To learn more, visit BLM.gov/whb/science.

For information on how, when and where to adopt
or purchase a wild horse or burro, visit BLM.gov/WHB.
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wild horse conservation

Run Wild. Run Free.
Return to Freedom

Join Us..

be part of the legacy
returntofreedom.org
SANCTUARY EDUCATION
ADVOCACY CONSERVATION

Return to Freedom is dedicated to protecting the
freedom, diversity and habitat of America’s wild
horses and burros through sanctuary, education,
advocacy and conservation, while enriching the
human spirit through a direct connection with
the natural world.
PO Box 926 | Lompoc, California 93438
805.737.9246

EFFECTIVE
PZP prevents pregnancy in 90%
or greater of treated animals
and the contraceptive effects
are reversible.

The humane
approach to
wildlife contraception
Created by the world’s only dedicated facility for the
development of wildlife contraceptives and application methods.

(406) 652-9718

2100 S. Shiloh Rd, Billings, MT

SAFE
There are no debilitating health
side-effects even with long
term use and it has almost no
effect on social behaviors.

sccpzp.org
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1Jason

A. Delborne
North Carolina State University

1Professor,

Contact: Jason Delborne, jadelbor@ncsu.edu
Developments in synthetic biology - including advanced gene editing techniques, gene drives, and genetic
biocontrol strategies - offer new opportunities for species conservation and ecological restoration. While most
of these emerging technologies will trigger oversight by state and federal agencies, there is increasing recognition
that their successful deployment will require more than regulatory approval. Recent reports by the National
Academies of Sciences, Engineering, and Medicine on gene drives (NASEM, 2016) and forest biotechnology
(NASEM, 2019), as well as the International Union for Conservation of Nature’s report, Genetic Frontiers for
Conservation: An assessment of synthetic biology and biodiversity conservation (IUCN, 2019), have highlighted
the importance of conducting community, stakeholder, and public engagement well before a final product is
presented as a management option. This presentation will review the theory and motivations for engaging
publics on controversial technology with particular attention to two case studies. First, the author has conducted
interviews and a stakeholder workshop surrounding the genetically engineered American chestnut tree. This
biotech tree has been developed to resist the blight that caused its functional extinction in the twentieth century.
The GE chestnut has gone through extensive field trials and is under review by the U.S. EPA, USDA, and FDA – if
successful, it will be the first GMO designed to spread and persist in “wild” environments. Second, the author is
part of the international consortium “Genetic Biocontrol of Invasive Rodents” (GBIRd), which is exploring the
possibility of developing a gene drive mouse for biodiversity protection. The mouse is designed to eradicate
populations of invasive mice on oceanic islands. The author has conducted a landscape analysis and a stakeholder
workshop to inform the design, development, and safety testing of the gene drive mouse (which does not yet exist).

Messmer, T.A., Frey, S.N., Wood, H., and A. Jensen
Jack H. Berryman Institute, Department of Wildland Resources, Utah State University, Logan, UT

Contact: Terry A. Messmer, terry.messmer@usu.edu
As of March 1, 2020, the Bureau of Land Management (BLM) estimated that there were 95,114 free-roaming
equids (i.e., wild horse and burros [WHB]; Equus ferus and E. asinus, respectively) occupying BLM-administered
herd management areas (HMAs). The Wild Free-Roaming Horses and Burros Act of 1971 (WFRHBA) gave the BLM
and the U. S. Forest Service (USFS) the statutory obligation to manage WHBs inhabiting HMAs and WHB Territories,
respectively. The WFRHBA intended to ensure healthy populations of free-roaming equids, designated as WHBs on
certain federal lands, in ecological balance with other multiple uses. The BLM and USFS have retained the ability to
gather WHBs in areas where populations are impacting rangelands and the health of the animals is compromised.
However, if gathered animals are not adopted or sold under applicable legal limitations, the agencies must care for
them for the remainder of their lives. Despite the documented negative ecological impacts where numbers exceed
ecological balance, public stakeholders have high regard for WHBs. Respondents to informal non-rigorous surveys
have expressed dissatisfaction with the current WHB program status quo. The BLM and USFS acknowledge that
public support will be required to achieve healthy herds on healthy rangelands. Recent rigorous surveys of the
U.S. public revealed respondents had limited knowledge about WHBs or their management. Most respondents
(con nued)
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supported the use of population fertility management tools but had limited knowledge of their scientific efficacy.
Individuals with greater science literacy were more likely to report positive attitudes toward fertility management.
The need for greater science literacy has been used to support the science deficit model of communication; those
who do not accept the science, simply do not understand it. Therefore, those that do not accept or agree with science-based management approaches just need more facts. However, more facts, whether measured in terms of
general education, science educational attainment, or science literacy, may increase rather than decrease polarization on issues such as WHB management which are linked to values and beliefs. More scientific facts may facilitate
increased advocacy and greater resolve when defending existing beliefs. Herein, we present a strategic approach to
enhancing public engagement in WHB management; the Free-roaming Equid Network and Ecosystem Sustainability
Network (FREES; https://extension.usu.edu/freesnetwork/). FREES embraces dimensions research which suggests
that most of the American public acquire the information used to make decisions about public policy and personal
matters from family and friends.
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In the absence of complete information, wildlife managers are often forced to make assumptions about
stakeholder preferences. Jody Enck and Daniel Decker, human dimensions researchers at Cornell University,
scrutinized some of the common – and occasionally wrong – assumptions employed by wildlife managers in a
1997 paper titled “Examining Assumptions in Wildlife Management: A Contribution of Human Dimensions Inquiry.”
I will engage with some of these assumptions by presenting examples from my own research that are surprising
or challenge our intuitions. The examples will be drawn from recent survey studies that examined stakeholder
preferences for the management of wild pigs and large carnivores. The stakeholders in the wild pig management
surveys included both hunters and agricultural producers in the southern US – two groups that are often assumed
to have conflicting goals when it comes to the management of wild pigs. The stakeholders in the large carnivore
studies comprised livestock producers in western US states who received assistance from USDA-APHIS Wildlife
Services to protect livestock from depredation through the use of nonlethal methods in 2020 and 2021. The
surveys examined the producers’ perceptions of nonlethal management methods as well as their attitudes towards
four carnivores of interest (wolves, grizzly bears, black bears, and mountain lions) and their population preferences
for the animals. Following my discussion of these studies, I will discuss some of the broader implications for wildlife
population management decisions, including the importance of understanding and engaging with stakeholders to
mitigate the potential for conflict.
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Gene drive is a potential new biotechnology tool for wildlife fertility control. Scientists have started to model how
gene drive might be used for managing grey squirrels in the UK. Grey squirrels are an introduced species that pose
two threats. First, to commercial forestry through bark-stripping and second, to the decline of the UK’s native red
squirrels by outcompeting them for food and spreading the squirrelpox virus. The current way of managing grey
squirrels is killing though trapping and shooting. For some actors, gene drive offers an exciting and much-needed
alternative that might operate at the landscape scale. One of the claims from advocates of squirrel gene drive
initiatives is that the technology is a more humane, no-kill control method and may therefore be more acceptable
to stakeholders across the country. Yet to date, there is no empirical exploration of stakeholder views on gene drive
applications for introduced species such as the grey squirrel. We address this gap through anticipatory focus group
research with expert stakeholders in the areas of woodland management, red squirrel protection, land ownership
and stewardship, and animal welfare. These stakeholders contextualised the problem of grey squirrel management
in the UK and, through their knowledge and experience, helped situate gene drive in current grey squirrel management practices, experiences and debates. We discuss our findings and explore the potential of gene drive squirrels
as a fertility control tool and what this might mean for the technology’s development.
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Feral horse populations continue to grow. Current management practices of these horses are focused on capture
and removal at a substantial cost, both in the process and their long-term care that follows. Many have suggested
that fertility control might provide a viable management solution in some situations. There are two EPA registered
immunocontraceptive products available for use in horses, but both require at least an initial dose followed by a
booster weeks to years later. This makes application impractical. Our goal has therefore been to develop a single
dose long-lasting contraceptive. Because fillies, and all mammalian females, are born with a finite population of
oocytes, these cells have been chosen as the target of our efforts. Two oocyte-specific growth factors (OGF) have
been identified, GDF-9 and BMP-15, and used to develop a new contraceptive vaccine. A GDF-9 antigen was made
representing amino acids 20-33 of the mature protein, while a BMP-15 antigen was produced representing 24
amino acids in the mature sequence. These peptides were conjugated KLH as a carrier protein. An experimental
vaccine was manufactured using Pet-Gel A as an adjuvant in combination with the conjugated OGF peptides.
Mares were treated with an initial dose and four boosters over several months. All treated mares developed
antibodies and demonstrated infertility for an entire year, and 88% of the mares remained infertile for the following year even though they had not been re-vaccinated; and in fact, had dramatically lessened or no antibodies in
the second year. Our most recent investigation, a project funded by BLM, was conducted with 32 mares and 4
stallions with proven fertility. Sixteen mares were treated with a new OGF vaccine formulation using Adju-Vac
adjuvant containing liposomes. The remaining sixteen mares received a sham injection of adjuvant containing
(con nued)
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liposomes alone. All mares were then housed with fertile stallions. All control mares became pregnant. Only
five treated mares demonstrated a significant antibody response and all five failed to conceive within 4 months
of constant exposure to fertile stallions. One mare became pregnant six months later. The pregnant mares have
since be revaccinated with OGF containing Adju-Vac alone. All mares foaled and all foals are healthy developing
normally. Importantly, we successfully demonstrated safety for use in pregnant mares. Current research plans
are underway to identify a better adjuvant to elicit a more robust and appropriate duration immune response.
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Anti-coagulant rodenticides remain the main tool for rodent pest management across the world. Because of
growing problems with environmental accumulation and development of resistance in target species, many
countries increasingly restrict the use of anti-coagulant poisons, whilst some jurisdictions are considering outright
bans on their use. Other options to control rodents in sustainable and humane ways are lacking, where the absence
of poisons to control pests could lead to increased problems with zoonosis spillover to livestock and new disease
pandemics of rodent origin as well as higher economic losses in most farming systems. Fertility limiting hormones
levonorgestrel and quinestrol have been successfully and safely used to limit reproduction in humans and several
wildlife species over many years. We present evidence that these hormones can also be highly effective against a
number of different rodent pest species including cosmopolitan pest species such as Rattus rattus and Mus
musculus as well as regional pest species such as Mastomys natalensis and Arvicanthis niloticus. Physiological
impacts of the hormones and efficacy vary among rodent species and sexes, where our results also show the
effect of palatability and hormone concentration in food baits. The impact of a single contraceptive baiting event
in an agricultural field can result in considerable population regulation, and we provide evidence that the use of a
contraceptive rodent bait can be just as effective as using a rodenticide bait in terms of decreasing rodent numbers
in a field crop. As the hormones rapidly break down in soil and water, and where their physiological effects are
generally reversible over several weeks, the timing of contraceptive bait delivery in a field situation remains key to
successful rodent pest control using these synthetic hormones.
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Fertility control is increasingly advocated as a non-lethal means of reducing numbers of wild animals causing economic or environmental impacts. The effect of contraceptives is often described in terms of longevity of infertility
on single animals and on the proportion of individuals rendered infertile. However, little attention has been paid to
the potential effect of contraceptives to reduce litters size in multiparous species.
We present preliminary results investigating the effect of two novel injectable Gonadotropin-Release-Hormone
(GnRH)-based immunocontraceptive formulations in female rats, used as a model for multiparous species. After
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treatment with these formulations, 0 out of 9 and 1 out of 10 females respectively produced litters following the
first mating challenge 45 days post-treatment, compared to 9 out of 9 control animals. Across the whole study
period of 310 days, 7 out of 9 females administered the first formulation and all rats administered the second
formulation reacquired fertility, producing at least one litter throughout six mating challenges.
The average time to first pregnancy, for all the animals that became fertile again, was 166 and 177 days for both
formulations respectively, compared to 49 days for rats in the control group.
Following treatment with both formulations, the first litter produced post-infertility in females in both vaccinated
groups was 5.5 (+2.59 SD) and 4.7 (+2.24 SD), significantly smaller than the litter of 10.6 (+2.07 SD) recorded in
control animals.
This indicates that treatment with immunocontraceptives may induce an overall suppression of fecundity extending past an initial infertility effect. This increases the potential long-term impact of these immunocontraceptives in
multiparous species such as commensal rodents.
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With the increasing population of wild horses (Equus ferus) and feral donkeys (Equus asinus) there is a need
for effective, humane, and practical methods of population control. Nativeporcine zona pellucida (pZP) and
recombinant zona pellucida (recZP) vaccines, both formulated with Freund’s adjuvants, were investigated in
Caribbean donkeys. While successful immunocontraception was accomplished, injection site reactions associated
with the Freund’s adjuvant were observed. In efforts to achieve similar contraceptive effects, without adverse
reactions, a refined study was performed.
Twenty-five fertile jennies were randomly distributed between three separately maintained vaccine treatment
groups. The recZP group (n=8; ZP3 and ZP4 formulated with Poly(I:C) and Pet Gel A adjuvant) received treatments
at week 0 and boosters at weeks 5 and 10, the pZP (n=9; pZP in combination with Poly (I:C) and Pet Gel A adjuvant)
and control groups (n=8;Poly (I:C) and Pet Gel A adjuvant alone) received treatments at week 5 and a booster at
week 10.Blood samples were collected weekly to measure serum progesterone concentration and anti-ZP antibody
titers. A fertile jack was placed with each treatment group at week 10 and jacks were rotated every 28 days. Weekly
transrectal ultrasonography monitored ovarian activity and eventually early pregnancy detection.
The median time to pregnancy after last injection was 9.5 weeks in the control group, 26.5 weeks in the recZP
group and 31.0 weeks in the pZP group. Compared to the control group,times to pregnancy were significantly
longer in the recZP group (log-rank test p-value <0.0001) and pZP group (p<0.0001), but there was no statistically
significant difference in times between the two vaccine groups (p = 0.4). All jennies in the control group continued
to show normal cyclicity while 4/8 recZP jennies and 4/9 pZP jennies showed extended periods of acyclicity. Among
jennies that stopped cycling, the mean duration of acyclicity was 26.0 weeks (s.d. 10.4 weeks) in the pZP group and
10.8 weeks (s.d. 8.4 weeks) in the recZP group. Peak antibody titers were measured 5 weeks after last treatment in
the two vaccine groups; the difference in titers at this timepoint between the two treatment groups was not statistically significant (geometric meanratio pZP:recZP = 1.24, 95% CI 0.60 to 2.57). Antibody levels were still detectable 60
weeks after last injection in jennies remaining in the study until this timepoint (n = 1 recZP; n = 2 pZP).

(continued)
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Adverse injection site reactions were not observed in any of the treatment groups.
Following these observations additional endocrine analysis was completed. Serum anti- müllerian hormone (AMH)
was evaluated at various time points in all treatment groups. Those 4acyclic pZP jennies showed prolonged periods
of low AMH followed by an increase in AMH levels prior to pregnancy diagnosis in 3/4 acyclic pZP jennies.
The data from this study shows effective immunocontraception without the previously seen injection site reactions.
The results from this study may contribute to a better understanding of the mechanism of action of pZP and recZP
immunocontraceptives.

Thomas Conlon
Found Animals Foundation, USA

Viral vectors and lipid nanoparticles for delivering DNA to cells have existed for over 30 years. During this time
the possibilities for the treatments of human diseases and as a tool to create models have been advanced to the
point of regulatory approvals with an expected exponential growth in additional approvals during the next decade.
More recently, both nanoparticle and viral vectors have been taken to the forefront of common knowledge as
technologies used to deliver nucleotides used in the four major COVID-19 vaccines. One viral vector in particular,
Adeno-associated Virus (AAV), dominates as the vector of choice for use in delivering therapeutic DNA sequences to
treat genetic disease. The repertoire of naturally occurring first generation AAV serotypes and the increasing toolkit
of man-made AAV variants allows for the targeting of specific tissue types for gene delivery. Along with AAV’s
naturally non-pathogenic lifecycle, established safety profile in humans and animals at moderate doses and the
ability to either target specific cell types or restrict expression of a gene through selective promoters make AAV an
ideal vector for developing a non-surgical permanent sterilant.
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The application of genome editing technology, such as CRISPR/Cas based approaches, has been coined ‘synthetic
biology’ and its utility has already been realized in medical and agricultural production. There is also a body of
literature exploring the promise and concerns of applying such technology to currently intractable biodiversity loss,
invasive species, and wildlife disease management. Most of the literature applicable to wildlife focuses on the use
of CRISPR/Cas systems to produce a ‘gene drive’ that causes super-Mendelian inheritance of an engineered trait
by all offspring, leading to the rapid spread of a trait through a wildlife population. Given the potential for synthetic
gene drives to propagate rapidly within populations, the development of safeguards to spatially and temporally
limit spread to non-target organisms is a key technological challenge. Invasive species on islands provide key
opportunities to study gene drive dynamics within relatively closed systems. Interestingly, introduced populations
in mainland populations (e.g. mice in agricultural settings) may have similar population genetic traits as island
population due to founder events and low dispersal rates (i.e., “island syndrome”). Yet the degree to which this
occurs and causes fixation at the genome level is unclear. Invasive rodent populations occupy >80% of islands
worldwide, and commonly pose threats to endemic biodiversity, as well as human health and agriculture. In
research that was funded through the United States Defense Advanced Research Projects Agency’s (DARPA) Safe
Genes program (SAFE-FP-005) entitled, “Restoring Ecosystems and Biodiversity through Development of Safe and
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Effective Gene Drive Technologies” we evaluated the feasibility of targeting island-specific genetic variation as a
potential mechanism for spatial limitation of synthetic gene drives that would be used to reduce or eliminate these
invasive populations. We used pooled whole-genome sequencing to evaluate the frequency of locally-fixed allelic
targets in the house mouse (Mus musculus domesticus) across replicate island-source population pairs. Our results
suggest reduced genetic diversity on islands and significant genetic structure between island and putative source
populations despite relatively small geographic distances in some cases. We characterize the frequency and distribution of locally-fixed alleles on islands that may serve as targets for synthetic gene drive biocontrols in the future.
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Feral cattle (Bos indicus or Bos taurus) in Hong Kong are an iconic species whose numbers and impacts on human
activities have increased. These cattle are prized by Hong Kong residents for their local heritage and genetic
distinctiveness value. Previous studies proved that a primer vaccination and booster dose of GonaCon in female
cattle were safe and effective in reducing pregnancy for one year post-treatment. The aims of this project were:
1. To evaluate the longevity of the effect of the immunocontraceptive treatment in free-living female feral cattle
up to four years post-vaccination, and 2.To assess if a second booster dose of GonaCon, administered 2-4 years
after the first dose, extends the contraceptive effect.
All study animals were equipped with numbered ear tags for identification. The effectiveness of GonaCon was
assessed using a combination of direct observations, antibody titers and pregnancy status of control and GonaContreated cattle. The results showed that vaccination with GonaCon, administered as a primer and booster dose, was
effective in causing infertility for at least three years post-vaccination. The percentage of pregnant animals in the
GonaCon-treated group decreased from 76% at vaccination to 6%, 35%, 19% and 7% in year 1, 2, 3 and 4 postvaccination, compared with 67%, 57%, 50%, 57% and 14% respectively in the control group. The unusually low
percentage of control cattle found pregnant four years post-vaccination might be due to the potential effects of
the surgically sterilised bulls that might have prevented other males from mating. A second booster dose of GonaCon,
administered 2-4 years after first vaccination, rendered 100% of the cattle infertile for at least another year.
These results suggested that vaccination with GonaCon may reduce cattle population growth and that a second
booster dose can extend the longevity of the contraceptive effect. These findings might be applied to managing
other populations of iconic feral livestock worldwide.
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The PZP-22 immunocontraceptive vaccine, which supplements the native PZP emulsion with controlled-release
pellets to mimic booster treatments, was initially developed with funding from the U.S. Bureau of Land Management to achieve one-shot, multi-year contraceptive effectiveness in wild horses. The potential utility of applying
PZP-22 to stabilize or reduce suburban white-tailed deer populations became quickly apparent, because the need
for annual boosting with native PZP (ZonaStat-D) significantly limits the scope of its application to free-roaming
deer. Initial testing of hand-injections of one-dose PZP-22 on deer at Fripp Island, SC, in 2005-2010 demonstrated
two to three years of effectiveness. A second deer study, conducted 2014-2021 at Hastings-on-Hudson, NY,
confirmed the multi-year effectiveness of a single dose of PZP-22 delivered in March by hand, reducing fawning
rates relative to control levels by 85% in year one and by 81% in year two, with hints of longer effectiveness
based on small sample sizes. Boosters of native PZP or PZP-22 delivered remotely by dart 2.5 years after initial
administration extended contraceptive effectiveness by at least three years, reducing fawning rates relative to
control levels by 94%, 81%, and 88%, in years one, two, and three after boosting, respectively. These results
parallel those seen in wild horses, and as in horses, booster effectiveness did not differ significantly between
native PZP and PZP-22 boosters. Current research is focusing on remote delivery of initial PZP-22 treatments.
These results suggest that PZP-22 could be practical as a tool to control deer populations in a broad range of
urban and suburban environments.

1Catherine
4Graeme

A. Herbert, 2Claire Wimpenny, 3Lyn A. Hinds, 4Michelle Wilson, 1Fabiola Silva,
Coulson

1School

of Life and Environmental Sciences, The University of Sydney, Camperdown, Australia; 2Environment,
Planning and Sustainable Development Directorate of ACT Government, Canberra, Australia; 3CSIRO Health and
Biosecurity, Canberra, Australia; 4School of BioSciences, The University of Melbourne, Parkville, Victoria, Australia

In Australia, kangaroo populations can reach high densities at a local or regional scale, with adverse impacts on
biodiversity, primary production and kangaroo welfare, often resulting in human-wildlife conflicts. Management
challenges and approaches vary with location, with culling (via shooting) currently viewed as the most humane and
efficacious approach to manage high population densities in agricultural areas. However, in peri-urban situations,
where lethal methods are particularly contentious, fertility control is an attractive option to replace or reduce the
need for lethal control. Moreover, several characteristics of the behavioural ecology of peri-urban kangaroo populations enhance their suitability for management via fertility control, including their smaller home ranges, high site
fidelity (especially for females) and shorter flight distances.
Several approaches to fertility control have been tested on kangaroos, including surgical techniques; hormonal
implants containing deslorelin, a gonadotrophin-releasing hormone (GnRH) agonist, or levonorgestrel, a progestin;
and immunocontraceptive vaccines (zona pellucida vaccine and the GnRH-based vaccine, GonaCon). These methods
vary in their delivery complexity, resulting in variable cost efficiencies and potential for adverse welfare impacts.
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Despite recent advances in the development of remote delivery approaches for GonaCon and Suprelorin,
operational use of fertility control currently requires kangaroo capture. As such, its use is restricted to populations
where large-scale capture of individuals is possible. Of the currently available methods, levonorgestrel and
GonaCon are most suited to population-scale management. Future research needs to focus on the capacity of
different fertility control approaches to reduce population growth rates, so that their efficacy and efficiency can
be fully evaluated. This should also include a comparison to other integrated management strategies. Improving
dart-delivery of existing agents and developing new oral agents will enhance the efficacy of fertility control and
should be a priority for future research.
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Wild boar (Sus scrofa) range and numbers have increased for decades worldwide, despite continuous efforts aim to
reduce population size. The wild boar finds suitable and abundant food and water sources in urban areas. The
number of conflicts with the human population, and the impact on biodiversity, are also increasing in those areas.
Urban animals are usually heavier, reach puberty earlier and show higher reproductive rates due to the rich condition of the food in urban spaces. Recreational hunting is insufficient to limit the wild boar expansion. Thus, the evaluation of alternative methods, such as fertility control, is urgently needed. Fertility control through immunocontraception (GonaCon®) has been evaluated in urban areas of Barcelona, Spain. The study included the capture of 196
animals living in urban or peri-urban areas of 4 different cities from 2017 to 2021. The animals were randomly
distributed in groups of control or treatment. The recapture ratio of animals was 28.6%, with a total of 154
re-captures. The effect of the immunocontraceptive was evaluated through the examination of genital organs
and mammary glands, levels of sexual hormones and titer of antibodies. The results showed that vaccination with
the immunocontraceptive induced infertility for 4 months to 3 years after vaccination, depending on time of recapture. The treatment was effective in 21 females and remained effective in all females vaccinated during their
peri-pubertal age (4 to 7 months old; n=12). Two females vaccinated as adults (one pregnant and one lactating)
were found to be fertile (pregnant or having given birth) one year after vaccination. From 22 males vaccinated
and re-captured, the treatment was effective from 4 months to 2 years in 7 of them. An effective mitigation of the
human-urban wild boar conflicts could be achieved by combining different control methods, including educational
actions of the community. Immunocontraception is a promising complementary management tool for the effective
and humane control of populations of urban wild boars.
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Research that we conducted in Hastings-on-Hudson, NY, 2014-2021, establishes that a single hand-injection of
the controlled-release formulation of the porcine zona pellucida immunocontraceptive vaccine PZP-22 yields multi
-year infertility in treated female white-tailed deer. In Hastings, PZP treatments were associated with deer population level reductions of at least 50% over the duration of the study. This population reduction was accompanied
by a comparable reduction in the number of deer-vehicle collisions reported within the village. Unlike results
from many lethal deer management programs with similar geographic conditions, we observed neither a marked
increase in new animal recruitment, nor a dramatic return to fertility after treatment, indicating that PZP-22 can
effectively reduce suburban deer populations in a realistic time frame. We also found that a sizable proportion of
treated, infertile does maintained their small existing home ranges, and few if any new adult females entered the
study site. Success of any deer immunocontraception program will hinge on community-wide interest and the
capacity to maintain monitoring and treatment efforts on an ongoing basis. PZP- 22 may offer a less intensive
darting effort than other formulations of immunocontraceptives currently available. We believe contraceptionbased approaches are well positioned to engage the community and can be sustainable and effective when
they are part of a larger comprehensive plan that targets specific and well documented human-deer conflicts.
If properly implemented, such programs can also be minimally disruptive to the wild lives of deer well-acclimated
to living in urban and suburban areas.
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Feral Pigeons (Columba livia) are common in urban areas, where city buildings replace the rocky cliffs inhabited by
their wild counterparts. Worldwide, pigeons have a significant economic impact. Pigeons’ fouling, as well as being
unsightly, can deface and accelerate the deterioration of buildings by eroding stonework, can block gutters and
downpipes and cause potential slipping hazards on pavements, thus increasing the cost of maintenance. In addition, fouling has potential for diseases transmission. Management tools such as netting, spikes, gels, and other
approaches such as flying birds of prey can help, but these methods generally move the problem elsewhere.
Products containing nicarbazin are an effective approach to reduce pigeon numbers through fertility control.
Already registered in Italy, Belgium, Hungary, Malta, and Spain as a veterinary medicine, as a means of reducing
and controlling pigeon numbers, nicarbazin-treated bait has been shown to reduce pigeon numbers by 30% year
on year for up to five years and maintain low pigeon numbers. This presentation will illustrate the results of applications of nicarbazin-treated bait for multiple, consecutive years, in many European cities, from 2002 to 2021. In
cities like Florence, Genoa, Barcelona, Valentia, Brussels, just to mention the best known, the consistent use of
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nicarbazin-treated bait for at least 3 consecutive years led to a visible and documented reduction of the number of
pigeons. In turn, the number of public complaints and accidents had a documented reduction.
The talk will also discuss potential issues encountered by practitioners in delivering nicarbazin-treated bait, illustrate evidence-based solutions to overcome these issues and compare advantages and disadvantages of different
methods to resolve human-pigeon conflicts. Combined with other pigeon population management methods, fertility
control represents a modern, integrated solution to mitigate this man-made wildlife problem.
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The use of immunocontraceptive vaccines is a well-established and viable approach for managing wild horse (Equus
caballus) populations in western U.S. landscapes. Until recently, wild burro (Equus asinus) contraceptive research
has not been a priority for the Bureau of Land Management (BLM) due to fewer populations of burros on public
lands, slightly lower population growth rates, and historically higher adoption demand compared to wild horses.
In 2017, the Humane Society of the United States (HSUS) partnered with the BLM to begin a four year pilot study to
examine the efficacy and impacts of using the immunocontraceptive vaccine ZonaStat-H on wild burros in a western
landscape. Since the project’s inception, we have collected data associated with the treatment, observation, and
management of the 109 wild female burros recruited from the Black Mountain Herd Management Area (HMA). The
overarching goal of the project is to help build a scientific foundation for incorporating immunocontraception into
the BLM’s wild burro management programs. Although data collection for efficacy is ongoing, preliminary findings
yield an opportunity to share the unique field experiences associated with identifying wild female burros and treating them with ZonaStat-H.
The Black Mountain HMA is the largest in Arizona and has field conditions applicable to other regions. Limited
accessibility, diverse landscapes, windy and dry conditions, varying elevations, human activity, and extreme
temperatures are factors that may impact efforts to successfully administer immunocontraceptive vaccines remotely
to wild female burros. In addition, because wild horse identification and behavior has been the predominant focus
of previous research, most available wild equid management resources exclude burro-specific attributes. Although
similar to wild horses in many ways, wild
burros exhibit different behaviors, social
dynamics, and physical distinctions, making
many horse-based identification strategies
insufficient for field use. For a management
program utilizing immunocontraceptive
vaccines to be successful, the accurate
identification of individual burros is essential.
This presentation will focus on comparing
different approaches to identifying burros
and will summarize techniques used for
effectively monitoring and administering
ZonaStat-H to wild female burros in Arizona.
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Wildlife Protection Management, Inc. (WPM) has created a stress-free platform to deliver contraceptive vaccines, and
RFID chips, to feral/wild horses (Equus caballus) without human/animal interaction:
•Uses food to attract horses (Equus caballus)
•Delivers vaccines, contraceptives, RFID chips:
1.Average range for dart delivery less than 7”; 2.Velocity of dart = squirt gun velocity
•Streams video for gender identification, station monitoring
•Employs RFID readers for animal identification, detects fever which help identify emerging diseases
•Solar Powered:
1.Satellite communications for placement anywhere in the world; 2.Keeping vaccines temperature controlled;
3.Powering cameras:
•Species identification
•Animal gender recognition
•Animal placement for vaccine/RFID delivery
•Site injection
•Data for facial recognition technology development
•Night-time delivery of darts
In 2019, WPM created a prototype with all the above features. The pilot study has been conducted on a private
ranch managed by founder and CEO, Roch Hart. Development of the RFID injection system, read system, and vaccine
delivery system is currently ongoing. It’s shown great promise and is currently in the design/testing phase of the goto-market system. In 2021, WPM received a grant from the National Science Foundation (NSF), partnering with New
Mexico State University (NMSU), to study and develop animal facial recognition technology. While RFID has merit,
the dual technologies give the end user confidence in animal identification. The RFID identification study observed
individual horse temperatures using thermal chips, providing insights not seen before in wild horses (Equus caballus) potentially high temperatures, unique for that animal, and then recoveries indicating illnesses or ovulation. Observing
such intimate data could help researchers develop Artificial Intelligence (AI) technology to monitor emerging diseases
or vaccine booster timing for contraceptives. WPM uses the contraceptive GonaCon (USDA’s Wildlife Services’ National Wildlife Research Center), as it lasts longer when temperature-controlled than Porcine Zona Pellucida (PZP),
(Science and Conservation Center). Taking this into account, WPM developed unique darts for fast deployment of the
vaccine, ensuring all darts are retained at the system. This system revolutionizes wildlife population management in a
more comprehensive, cost effective, and humane manner. This system is not limited to horses (Equus caballus) but
can be used for other wildlife of all sizes: bison (Bison), deer (Cervidae), feral pigs (Sus scrofa), kangaroos Macropodidae), goats (Capra hircus), camels (Camelus), and many other mammals, expanding internationally. The unique data
gathered from these systems would be valuable to both customers and researchers.
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Contact: Sarah Beatham, sarah.beatham@apha.gov.uk
In the UK, the non-native, invasive grey squirrel Sciurus carolinensis causes an estimated £37 million in tree damage
per annum and is also responsible for the significant decline of the native red squirrel Sciurus vulgaris. The Animal
and Plant Health Agency is currently developing oral contraceptives to manage grey squirrel populations. An im28 - wildlifefertilitycontrol.org

portant part of the research is to develop and test methods for delivering the contraceptive in baits in the field.
The main aims of this study were: 1. to assess the proportion of grey squirrels that consumed baits in field trials;
2. to monitor patterns of bait uptake by individual squirrels; 3. to evaluate factors affecting bait uptake by squirrels;
and 4. to assess bait uptake by non-target species. Using a bait marker, we tested winter and summer bait uptake
by squirrels in ten woodlands where squirrel bait hoppers were placed at a density of 1 and3 ha-1. We found that
over 50% of squirrels in 7 out of 11 woods consumed bait from hoppers and that the most important factors
affecting bait uptake were season and hopper density, with significantly more squirrels (at least 60%) consuming
bait in summer and at the higher hopper density. To test how much contraceptive individual squirrels would
consume from hoppers, we trapped and microchipped 51 squirrels in two woods in winter and monitored their
feeding behaviour using hoppers fitted with microchip readers. We found that 92% of the squirrels entered hoppers
throughout the 2-week trial and 55% of squirrels made over 80 visits to hoppers in four days. Finally, in six woods
we monitored the hoppers with remote cameras and recorded the date and time the bait was accessed by animals.
The results showed that, besides grey squirrels, the only other animal that accessed the hopper bait was one mouse
on one occasion.
We conclude that, using squirrel bait hoppers, we can deliver a contraceptive to the majority of squirrels in a wood,
that the majority of squirrels would receive multiple doses of a contraceptive and that we can prevent most common species of UK wildlife from accessing a contraceptive.
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Contact: Russell Hill, r.a.hill@durham.ac.uk
Crop foraging by mammals is a major cause of conflict between farmers and wildlife and a key conservation concern.
Crop damage can impact livelihoods and reduce food security for people, while increasing stress levels and the risk
of injury or death for animals. Primates often overcome methods of exclusion, and while culling (both organised and
opportunistic) is commonplace, its use is contested and there is little scientific evidence for its efficacy. In Limpopo
Province, South Africa, farmers consider chacma baboons (Papio ursinus) and vervet monkeys (Chlorocebus
pygerythrus) to be overabundant and a major problem as crop foraging animals. They have suggested contraception
as a solution since other control techniques are generally unsuccessful. Delivery of contraceptives to crop foraging
primates through baits offers significant potential for mitigating human-primate conflict, provided a delivery system
can be optimised to target species. Here we describe the development and field testing of primate-specific bait
delivery systems for baboons and vervet monkeys. A baboon-specific bait delivery system based on a reinforced
and anchored wooden box appears to successfully prevent displacement by baboons and restricted access to only
our target species during the pilot phase. We are now working at the Alldays Wildlife and Communities Research
Centre in collaboration with the local farming association to test the device on multiple farms. An alternative design
based on plastic piping that can be fixed in trees is being refined for vervet monkeys. Field tests of both systems will
then subsequently optimise the target species' bait uptake and the seasonal variation in effectiveness of the primatespecific delivery systems will be assessed. Since negative interactions between primates and humans are common
throughout South Africa in a variety of contexts - conflict’ in urban areas, farms, vineyards and plantations - the
systems may offer solutions for mitigating human-wildlife conflict in a variety of situations.
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Decisions related to controversial problems in natural resource management receive the greatest support when
they account for the multiple objectives of stakeholders in a structured and transparent fashion. In the United
States, management of free-roaming horses (Equus caballus) is a controversial multi-objective problem because
disparate stakeholder groups have varying objectives and opinions about how to manage fast-growing horse populations in ways that sustain both natural ecosystems and healthy horses. Despite much decision-support research
on management alternatives that prevent excessive population size or cost, horse management decisions still
receive resistance from a variety of stakeholder groups, potentially because decisions fail to explicitly or transparently account for multiple objectives of diverse stakeholders. Here, we used a predictive model for free-roaming
horse populations to evaluate the degree to which alternative management strategies involving removals and
fertility control treatment with the immunocontraceptive vaccine PZP-22 maximize four objectives in horse
management: maximize ecosystem health, maximize horse health, minimize effects on horse behavior, and minimize management cost. We simulated scenarios varying in management action, frequency, magnitude, and starting
population size over a 10-year interval and evaluated scenario performance with a weighted multi-objective utility
reward function. Management involving high-magnitude removals along with PZP-22 treatment generally outperformed other alternatives by achieving higher reward relative to alternatives in two scenario analyses. Simulation
of 1372 scenarios at five starting population sizes found that management with biannual removals and two doses of
PZP-22 treatment for half of eligible females in years 3 and 7 generated the most reward when starting population
size was within target population size ranges; however, when starting population size exceeded target ranges,
biannual removals with PZP-22 treatment in years 1 and 5 provided the greatest reward. Our paper demonstrates
how values and objectives of diverse stakeholders can be incorporated into management decisions in ways that
might lead to greater acceptance of decisions by a broad array of stakeholder groups.

1Croft,
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Invasive alien species are on the rise worldwide exacerbating already significant environmental and economic
impacts. Concurrently, public attitudes towards methods of control are changing with greater demand for nonlethal solutions. This presents a serious challenge for scientists to provide new, effective, technologies and
strategies for wildlife management. Modelling provides an important tool in this exploration allowing evaluation
of potential new controls across a wide range of scenarios and at large geographic scales beyond the reach of
empirical study.
We present a case study focusing on the Eastern grey squirrel which is invasive in the UK. Based on empirical
data, we describe a model for simulating squirrel population dynamics using probabilistic interaction rates between
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individual animals and either traps, employed for culling, or hoppers, used to deliver oral contraceptives. We
compare the effect of culling, fertility control and sequential integration of the two approaches (short-term culling
followed by multi-year fertility control) on squirrel population size.
Our results suggest that culling can rapidly reduce squirrel numbers. Even a low density of traps (0.125 traps/ha)
reduced the modelled population by 50% in the first year. However, at least 0.25 traps/ha must be maintained for
at least 45 days per year to guarantee eradication in 50 years. With an average of 0.5 traps/ha, the median
eradication time was 10 years. Eradication using fertility control alone is unlikely to be more cost-effective than
culling, assuming equivalent numbers of traps as hoppers. However, it may prove invaluable at maintaining low
densities, sufficient to mitigate most economic and environmental problems caused by this species, and if the effect
of contraceptives were to last more than one year, is likely to become more cost-effective than culling.
The model also demonstrates that rapidly reducing squirrel densities using one year of culling followed by multiyear fertility control could achieve eradication in similar time to culling alone, even if the efficacy of the oral
contraceptive was only 75%. This approach has the added benefit that long before eradication is achieved the
density of squirrels should drop below any threshold associated with environmental or economic impacts. In
addition, a combination of culling and fertility control might be more publicly acceptable than culling alone.
We conclude that when applied to squirrels occurring at low density, or following short-term culling, fertility
control could be used to achieve eradication within the same timescales as continuous culling alone but potentially
with substantial lower costs.
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Contact: Bruce Whitelaw, bruce.whitelaw@roslin.ed.ac.uk
The grey squirrel is one of the best-known invasive non-native species in the UK. It is both cute and damaging
and therein lies a problem. To a forester the grey squirrel strips the bark off trees so they die or regrow crookedly,
reducing their timber value. At the same time, visitors to the countryside and for many a suburban garden owner,
the grey squirrel is furry friend and a welcome sight. Of broader concern, the expanding geographical distribution
of grey squirrels in the UK correlates with the reducing numbers of the smaller indigenous red squirrel. Current
grey squirrel control measures are considered by many to be inhumane; they are all costly and labour intensive,
not specific for grey squirrels, and at best only transiently control population numbers. Developing long-term
humane strategies to control grey squirrel numbers mainly focus on an immune-contraceptive approach and
progress is being made. Emerging gene drive technology presents an alternative and genetic approach to fertility
control but the technology is young and attracts controversy. We have started to model how gene drive technology
could be used to control grey squirrel population size through driving female-sterility and are engaging in the public
dialogue that this technology demands.
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Fertility control most likely impacts the welfare of the treated individuals, in one way or another. Efforts to understand this impact have so far focused predominantly on minimizing any negative side-effects. However, there are
theoretical reasons to expect positive welfare effects of fertility control used on wild animals in certain contexts,
but these theoretical arguments have received little attention so far. The three main lines of argument relate to
the effects of reduced sibling competition, the potential for increased somatic maintenance in parents when fewer
resources are invested into reproduction, and lower intra-specific competition for resources in populations of
reduced size. In short, having fewer siblings or conspecifics to compete with could plausibly improve health and
wellbeing, while a lowered reproductive rate would allow reallocation of those resources to the health and wellbeing of the would be parents. The potential benefits of fertility control will likely be dependent on the method,
species, and population in question. In particular, resource constrained populations might be more likely to
experience positive welfare effects from the use of fertility control.
It is possible that the investment that would otherwise be made into reproduction would be reallocated to welfare
-promoting behaviors and somatic maintenance in some contexts but not in others. For example, a fertility control
agent that not only inhibits fertilization but also inhibits mating displays and competition for mates, would likely
provide additional welfare benefits, since mating displays and competition for mates are usually energetically
costly and not welfare-promoting. These hypotheses are also seemingly supported by some empirical data which
suggests there could be positive welfare effects of fertility control, particularly on survival and body condition. The
various theoretical considerations and available empirical evidence for potential positive welfare effects of fertility
control will be presented, and future research that would help to test these hypotheses will be discussed.

Heather Browning

1
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School of Economics and Political Science, London, UK

Potentially one of the largest sources of wild animal suffering is the rapid breeding and high juvenile mortality of
so-called ‘r-selected’ species. Therefore, fertility control for these species could represent a welcome intervention
for reducing reproductive rate and the accompanying suffering of unsuccessful offspring. However, to determine
whether these methods really do represent a welfare gain, we need a reliable method of quantifying the welfare
of wild animals – their current state, and the gains and/or losses that would result from use of fertility control. In
particular, the potential loss of positively valenced experiences must be weighed against the putative removal of
negative experiences. Without reliable measures of wild animal welfare, we risk doing unintentional harm and thus
developing these measures should be a high priority.
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How we think and talk about animal welfare depends very much on context. In the case of free-roaming horses
and burros, context is tied to our concepts of the land they occupy. If we view the public land as “wilderness” or
potential wilderness, the context carries the implication that human intervention, including application of fertility
control, is undesirable and even unethical. Alternatively, if we think of the land they occupy as shared with humans
and other animals, then engagement and gentle intervention in the lives of its equine occupants may be appropriate. As appealing as it can be, the “wilderness” concept is highly problematic; its adherents aspire to restore a
completely fictional North American landscape that was unshaped by human intervention prior to the arrival of
Europeans. The ideal of wilderness thus erases ancient familial relationships between indigenous people, the land,
and its non-human inhabitants, and is therefore both unethical and empirically wrong. On public lands we do,
and should, engage with the land and its inhabitants, including wild horses and burros; the question is, how do we
engage? With respect to the application of fertility control, our approach should be guided by the ethical imperative to care for the land and all its inhabitants. Specifically with respect to the well-being of wild horses and burros,
the first ethical imperative is to maximize their autonomy, i.e., their ability to make free choices. Although we must
approach with humility the task of acting on what we think free-roaming horses and burros want, it is probably fair
to infer that as deeply social animals grounded in their experience of each other and their environment, they would
prefer to stay at home, on the range, with their bands, but would also prefer to be removed and adopted into
compassionate and skilled human care versus starving to death at home. Judicious and effective application of
minimally invasive fertility control may help care for the land and provide free-roaming horses and burros with as
much autonomy as possible on a landscape they must share in careful balance with wildlife and people.
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Juvenile and adult animals commonly exhibit different behaviors, occupy different environments, and ultimately
face different challenges. As a result, average welfare seems likely to vary with age in many species. Juveniles are
usually the more abundant age class, and therefore the welfare of juveniles has the greatest influence on the total
welfare across individuals in the population. Welfare is also likely affected by population density through its influence on factors such as predation risk, social opportunities and resource accessibility. In many species, juveniles are
weaker competitors, and so may be less able to meet their needs when resources are limited, or even face violence
from adults. The shape of the relationship between population density and welfare for a given population may
depend on which age groups struggle the most when resources are limited, and how sexually mature adults respond
behaviorally and physiologically to limited resources based on their life history traits. In general, for populations
near their carrying capacity, welfare is likely to be higher in a species where adults limit immediate reproduction in
favor of somatic maintenance than in a species where reproduction continues apace. Fertility control may have the
most positive impact on welfare in populations of animals who sacrifice somatic maintenance first when resources
become limiting, and have low juvenile survival and welfare at carrying capacity.
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The session will take the format of four presentations followed by a panel discussion facilitated by the session
organizers (WAI). The session will be sponsored by Wild Animal Initiative, with support from our partners. The
session will introduce and discuss the novel approach of using fertility control for improving wild animal welfare
beyond the ‘natural’ condition. Through the session, we aim to highlight potential benefits, such as reducing the
cost to the individual of producing offspring and rearing them, reducing sibling competition, and reducing competition for resources, by thinning out the population. We will discuss how context and treatment affect possible
outcomes. The potential and degree of benefit will undoubtedly depend on traits of the target species and of the
specific fertility control method being implemented.
The four presentations will introduce the approach and then cover key attributes of the welfare implications of
fertility control on wild animals, including the relationship between demography and welfare, individual versus
group effects, welfare and health trade-offs among individuals, and short versus long-term welfare impacts.
Presentations will also explain relevant interventions, supported by case study examples of how management
interventions might lead to welfare benefits for specific populations or species. The potential welfare benefits of
using certain types of wildlife contraception for population control will be outlined in relation to food web ecology,
changes to demography, welfare expectancy and population density. Finally the benefits of such an approach will be
framed within the context of caution, reversibility of interventions and risk limitation.
Panelists will be asked to discuss the feasibility, risks and ethical considerations of adopting the approach.
Management considerations, such as sustainability, administration, and delivery will also be considered. Through
the session we aim to identify knowledge gaps needing to be addressed to make the approach viable. During the
panel discussion, the audience will be asked to actively participate and propose questions for the panelists.
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Non-lethal mi ga on and management ac ons relevant to species’ biological needs are cri cal to human wildlife coexistence. This is especially true of long-lived, mega-herbivores such as African elephants (Loxodonta africana), whose
movements and behaviours over space and me are driven by human interac ons in confined spaces, typical of South
African enclosed reserves. Approximately 25 years of research with the immunocontracep ve na ve porcine zona pellucida (pZP) vaccine, which included behavioural studies, demonstrated no adverse social and behavioural consequences. The
findings support the eﬃcacy of pZP vaccine in African elephant cows in non-lethal, minimally invasive humane popula on
management. In South Africa, >1250 female elephants across 45 reserves are currently enrolled for treatment in the pZP
project registered and managed by the University of Pretoria’s Veterinary Popula on Management Laboratory (VPML), in
line with the Na onal Department of Forestry, Fisheries and Environment’s Norms and Standards for the Management of
Elephant in South Africa (N&S).
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However, the pZP road from pipe dream to a humane policy for controlling elephant popula on numbers and humanelephant conflict has been fraught with many challenges. This is partly because South Africa’s elephant management has
been viewed through the lenses of diﬀering wildlife principles over the decades. From preserva onist (1900’s - 1960’s;
except to those species considered as vermin), to rigid ready states of absolute numbers (1967 - 1996; which saw approximately 15,000 elephants culled), to the more recent ‘landscape management’ (as opposed to managing elephant numbers)
through ‘fear-based methods’ (SANParks 2012 to date), elephant management has certainly diversified. Furthermore, the
management of elephants is governed by a suite of provincial and na onal agreements, that have also evolved from absence of public or expert input to external Scien fic Round Tables and gaze ed public no ces and comment periods.
Since 1996, Humane Society of the United States and Humane Society Interna onal have funded cu ng-edge research on
the use of the non-steroidal, non-invasive immunocontracep on of wild African elephant popula ons with pZP immunocontracep on. The N&S, first published in 2008, is probably the single most influen al policy document regarding the logiscal and prac cal management of elephants in South Africa. This has culminated from a review decision on culling and
public and expert consulta on. These N&S recognise immunocontracep on as the primary ac on for popula on control
and s pulated lethal control as a last resort. The original N&S have been revised, the 2018 N&S await gaze ng for implementa on, with pZP immunocontracep on remaining the gold standard for humane popula on control for elephants in
the na onal policy. Used responsibly and as an alterna ve to lethal control, pZP immunocontracep on will ensure a
humane society for people and elephants whereby policy, conserva on and welfare are aligned.

Loretta Mayer, Tom Ohmart, Cheryl Dyer
FYXX Foundation

The lessons from California regarding the practices of pest management professionals, and wildlife refuge managers regarding the use of second-generation anti-coagulant rodenticides (SGARs) are many and require input from
the scientific community. Establishment of the California Ecosystems Protection Act in 2021(CEPA) was opposed
by the professional pest management industry however support from the public was overwhelming. Alternatives
to the use of SGARs are many, however there was no coordinated effort between government, the public, and
industry and therefore success is difficult. The intersection of public concerns and conservation strategies must
come together with a variety of plans for the future of pest management, particularly for island restoration
projects. Over the past 6 years, wildlife groups and municipalities in California have moved from partial bans on
SGARs to total poison-free communities excluding coastal islands. The California Coastal Commission has stewardship of the coastal mainland as well as offshore islands where poison drops have been planned for years, repeatedly used, and continue to be proposed. The ecosystems of islands differ from shoreland invasive species control as
there is potential for eradication, and SGARs and other poisons have been the standard approach. We suggest
fertility control should be considered. For a successful island eradication, the common criteria as published by
Bomford and O’Brien are: (1) Rate of removal exceeds rate of population increase. (2) Immigration is prevented.
(3) All invasive reproductive animals at risk. (4) Animals can be detected at low densities. (5) Cost analysis favors
eradication over control. And (6) suitable socio-political environment. We have compiled study data that indicate
all 6 criteria can be met with current commercial fertility control. The product characteristics, such as a solid formulation that can be dropped by drone and target both mice and rats must be met. Working with island restoration
stakeholders, new products in development can be used for island restorations. In meetings with the USFWS Island
Restoration MOU Partners, we have all agreed that the final formulation for a practical product has an unknown
timeline margin. FYXX has a prototype solid product currently in development. Formation of an Experimental De(con nued)
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sign Committee comprised of aligned stakeholders, policy makers, and representatives of public values and
attitudes is the next logical step. Further development of commercial fertility control products is likely to
accelerate as California makes progress with CEPA and can balance the many challenges of cost, formulation,
application, enforcement, and results.
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The active ingredient in OvoControl, nicarbazin, was discovered in the early 1950’s at a Merck laboratory in New
York. At the time, researchers were searching for compounds that prevent or treat coccidiosis (eimeria protozoa)
infections in broiler chickens. Left untreated, this enteric disease results in devastating losses. Merck scientists
discovered and subsequently developed nicarbazin to prevent coccidiosis. Seventy years later, nicarbazin remains
one of the leading coccidiostats used in the poultry industry.
In 1956, scientists observed that, when nicarbazin was fed to breeder chickens, their eggs did not hatch. This
unwanted “side-effect” can occur with as little as 10ppm of nicarbazin. Since then, chicken producers have strived
to avoid feeding any nicarbazin to breeders since it can have a profound negative impact on egg hatchability.
Over the decades, different investigators tried to develop nicarbazin as a contraceptive for pest birds, including
pigeons. It was not until the late 1990’s that Innolytics, LLC, together with the USDA NWRC, solved the efficacy
mystery. NWRC was able to replicate the effect in ducks, geese, Japanese quail, and pigeons. In 2005, Innolytics
registered OvoControl G for resident Canada geese as a Section 3 pesticide with the EPA. Unfortunately, the new
product was a commercial failure due to regulatory limitations, politics, reproductive biology, and their long
lifespan, up to 17 years, far too long for an end-user. The registration was abandoned in 2012.
While the goose product failed, OvoControl P, a parallel development for pigeons was more successful. Part of
the reason is biological – pigeons reproduce up to six times per year but live just 2-3 years. There were market
and regulatory barriers as well, but these were at least partially overcome. Conventional control of pigeons
includes live trapping, shooting, and poisoning. These options are increasingly unacceptable under many
circumstances, especially in our target segments -- larger industrial installations.
We remain optimistic that the technology will develop into a broadly accepted method of safe and humane bird
control that will replace other more toxic and cruel methods. Since nicarbazin appears effective in all avian
species, there are opportunities for growth in other pest bird segments around the world. We are currently
expanding in international markets having secured registrations in Mexico, Costa Rica, Colombia, Ecuador,
Canada, and Australia. The most ambitious goal is to secure an EU registration, a very costly project, but also
representing the world’s largest market.
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As the threat of biodiversity collapse becomes increasingly evident and well publicised, the thinking around humanity’s relationship with the earth environment is shifting; complex interspecific coexistence has extended beyond its
ecological emphasis to become mainstream within the fields of economics and jurisprudence. In doing so, it has
brought into sharp relief the inadequate wording of two of the Convention on Biological Diversity’s tenets around
sustainability and equity. Supplanting the best of intentions, many societal sectors utilised the concepts of sustainable use and equitable sharing of benefits to entrench pre-existing exploitative practices as well as justify some new
ones. Ironically it was poor people and the environment that fell foul to that exploitation. But as humanity’s survival
is revealed, ever increasingly, to be linked to the wellbeing of the non-human community with which it shares the
planet, the concept of complex integrated co-existence will become integral to social, environmental and economic
agendas. And with the historic misuse exposed, terms like “sustainable use”, “equitable sharing of benefits” and
“resource management” are likely to be rendered archaic. Along with this shift, the tools that are used to conduct
environmental care may similarly shift in significance and application. This is especially true of fertility control.
Using Ithala Game Reserve in KwaZulu-Natal, South Africa, as a central case study, the shifting role of elephant
immunocontraception will be highlighted to show that its purpose has extended beyond limiting population growth
and reducing human-wildlife conflict to become a key factor in shifting local communities towards real selfsufficiency and sustainability. The Greater Ithala Complex, including human and non-human communities in and
around the core protected area, becomes a sustainability experiment for scrutiny and broader application. Within
that experiment, elephant immunocontraception fulfils different short-term, interim and long-term objectives, all
the while maintaining minimally invasive practices. As biodiversity problem-solving re-orientates itself within the
complex co-existence trajectory, the importance of fertility control as one tool within a suite of others will have an
altered and expanded role.

1Jens

Jacob

1Julius

Kühn-Institute, Federal Research Institute for Cultivated Plants, Institute for Plant Protection in Horticulture
and Forests, Vertebrate Research, Germany

Rodents provide ecosystems services including seed dispersal, soil aeration and fertilization and are staple food
for many predators. However, some rodent species cause considerable damage in agriculture, forestry and to
infrastructure, pose problems for hygiene and conservation, and transmit zoonotic pathogens. Rodent damage might
seem a mere nuisance in the developed world but can make the difference between fed and hungry in less developed
regions.
Problems caused by commensal rodents are mainly chronic. Often, regulations require the food industry to take
action and there is no personal tolerance in a domestic setting. Chronic occurrence and damage is also true for
non-commensal species in the tropics. In temperate regions, the risk related to field/forest species for agriculture,
forestry and disease transmission is mainly restricted to population outbreaks. Such more or less regular outbreaks
have been occurring for hundreds of years across the distribution range.
Management strategies differ between commensal rodents and forest/field rodents and among regions of the world.
Commensal rodents often need to be eradicated while a reasonable population density of field/forest rodent is tolerated and wanted, but the method of choice often is the same: use of rodenticides. Growing concern about environmental risk, public opinion and political decision makers may cause a shift to other methods in the future,
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optimally to techniques that are non-toxic, non-lethal and in favor of animal welfare. This is a tremendous challenge.
Regulating the use of rodenticides down as it has happened in Europe for the last 15 years is easy. The search for
alternatives is not easy but the need to reduce rodent related problems is a reality and these problems may well
increase given a rising world population, effects of climate change and growing human-wildlife contacts.
At small scale, exclusion and trapping may help but trapping is cumbersome and there are non-target issues. At large
scale, habitat management (reduced vegetation height, intensive tillage) can work for some crops but cause conflict
with conservation aims. Biocontrol by promoting increased predation pressure is advocated but little is known about
efficacy. Rodent management in the future is unlikely to rely on rodenticides alone but to combine several tools and
use the approach of ecologically-based rodent management. This will require sound research to find optimal combinations of existing, optimized and new methods (e.g., use of rodent fertility control, rodenticidal compounds with
improved environmental profile, plant secondary compounds) to ensure healthy food, healthy people and healthy
environment.

1Sarah
1Chief,

Grimké Aucoin
Education & Wildlife, NYC Parks

Across the globe, the composition of wildlife communities is being altered by urban expansion, resulting in a loss
of biodiversity and an increase in the abundance of species that thrive in fragmented habitats and urban areas.
On Staten Island, one of the five boroughs of New York City and home to nearly half a million people, white-tailed
deer first appeared in the early 2000s. Here, the fragmented urban environment, abundant natural resources and
absence of predators provided the conditions for deer population growth that a decade later posed significant
challenges to human and environmental health and safety.
Recognizing that an increase in these challenges was inevitable if deer population growth continued, in 2016 New
York City launched a plan to mitigate the adverse effects of Staten Island’s growing white-tailed deer population.
Now in its sixth project year, the Staten Island Deer Impact Management Plan includes population control conducted
through an examination of the sterilization of male deer, traffic safety measures, natural resource protection, extensive public engagement and education, and impact monitoring. This talk will focus on the process of developing and
implementing the Staten Island Deer Impact Management Plan and its progress since launching in 2016.

Emma Clifford, Dairne Ryan
Animal Balance

In the 1980s, the drug lord, Pablo Escobar, smuggled four hippos into Colombia (a male and three females) to his estate,
the Hacienda Nápoles, on the Magdalena River. A er he was killed in 1993, animals were removed from his estate, except
the hippos. The lush environment proved ideal for the hippos, who began to reproduce. Some escaped into the Magdalena and its tributaries, and now there are an es mated 100-150 living both in the Hacienda Nápoles and the nearby rivers.
The hippos became a charisma c species in Colombia, as well as an economic benefit for the local people in Puerto Triunfo,
who started developing a small tourism industry based on the hippos, a er years of economic underdevelopment because
of the extreme violence associated with the area’s narco-traﬃcking. In 2009, the Colombian government killed one hippo,
which resulted in huge demonstra ons, pu ng an end to any a empt to “cull” the growing popula on of hippos. In 2020,
Animal Balance signed a le er of intent with CORNARE, the Colombian river authority, an agency of the Ministry of Environment, who is responsible for the ecosystem where the hippos live. At the me, CORNARE was a emp ng surgical
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steriliza on of the hippos, a huge, costly and dangerous undertaking. Animal Balance got its start in 2004 working on the
Galápagos Islands to address human/animal conflicts there caused by the growing human popula on who introduced cats
and dogs, which began to threaten endemic species, such as marine iguanas. Both the Galápagos Islands and Colombia have
the same human-based power structures whose goal is to protect na ve and endemic species from invasive species. As on
the Galápagos, there is a significant popula on in the area that survives via farming and tourism. As on the Gálapagos, where
pu ng to death the cats/dogs met with huge resistance from the local popula on, Colombia faced the same challenge with
the hippos. Addi onally, this approach would not ul mately be eﬀec ve because of the challenge of compensatory reproduc on, as described by Chansa Chomba in his 2013 paper on hippo popula on dynamics in Zambia. Animal Balance’s goal is
to successfully provide immunocontracep on to suﬃcient hippos to eﬀec vely reduce the popula on over me while
mee ng the needs of all stakeholders.

1Jason
1USDA

E Bruemmer, 1Douglas C Eckery, 1Cary Mundell, 2Roberto Guzman, 2Jeromy J McKim

APHIS National Wildlife Research Center, Fort Collins CO, 2USDA APHIS IS, US Embassy Bogota, Colombia

Managing the growing population and potential environmental and human dangers of feral hippopotami in Colombia
is the responsibility of the local government sponsored agency, CORNARE (Corporacion Autonoma Regional de las
Cuencas de los Rios Negros y Nare). The CORNARE veterinary staff has attempted surgical sterilization only to find
that the multitude of complications including cost, time, and potential danger to the hippopotami and humans made
this approach a non-viable solution. CORNARE then contacted APHIS officials in Bogota who, in turn, contacted the
National Wildlife Research Center asking for assistance. NWRC scientists offered an experimental GnRH vaccine as a
possible tool. A similar compound developed by NWRC was used successfully to decrease steroid production and
thus fertility in male and female captive hippopotami demonstrating a proof-of-concept and potential for use in feral
animals. The GnRH vaccine was reformulated to contain (.6 mg/mL) twice the concentration of the conjugated GnRH
as the previous doses and APHIS agreed to supply 55 doses along with their scientists’ expertise. In October 2021
NWRC scientists met CORNARE officials and APHIS personnel from the US Embassy in Colombia to initiate an experiment in which feral hippopotami would be treated by dart with the vaccine. Twenty-one animals were treated during
the week-long visit and another 32 animals received the GnRH vaccine administered by CORNARE over the following
weeks. One dart missed its mark so a total of 54 doses were administered. During the visit, seven hippopotami were
trapped in a carrot-baited corral and treated prior to release. One individual was darted as it returned to the lake
following feeding on land overnight. The remaining animals were darted while resting in the lake. DNA sample darts
were deployed for those animals in the corral and fecal samples were collected opportunistically in order assess relationship and possible inbreeding coefficients amongst the animals. Further, fecal samples will be analyzed for steroid
content as an indirect measure of fertility. Unfortunately, no effective means of individual identification is available,
beyond size, sex, and obvious marking/scars, identifying treated individuals. CORNARE has asked for the team to return and provide booster doses as administration of a second dose proved highly valuable in the captive hippopotami
as well other species including the much studied horses. Although a substantial proportion of the population of animals was treated, efforts must now focus on identification of individual animals for future treatment and DNA and
fecal sampling.
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In Japan, the raccoon (Procyon lotor) was introduced as pet animal in the 1970s and has subsequently spread
throughout the country. For control of the raccoon, local governments have principally used live-catch box traps
mainly in farmland and residential areas. This has resulted in temporary reductions in damage and populations of
raccoon. However, the high reproductive rate of raccoons means their population recovered rapidly. The development of other population control techniques is therefore required.
We have investigated immunological fertility-control for raccoons, particularly using zona pellucida protein C
(ZPC=ZP3) based vaccines. The raccoon ZPC gene was sequenced and the amino acid sequence of the sperm-binding
site identified. Then, we produced 3 synthetic peptides (rZPC1-3, 9-13AA) as antigen candidates for species-specific
immunocontraceptive vaccines. The purpose of this study was to evaluate the availability of three antigen candidates
as vaccine antigens by immunizing female raccoons.
Each of the three peptides (300µg) and TiterMax® Gold (300µg) as adjuvant were immunized by subcutaneous
administration to one adult female raccoon every two weeks for a total of four times, and antiserum was obtained
over time. Physical examination was performed at the time of blood collection. The presence of serum antibodies to
each of the three peptides was evaluated by ELISA. In addition, Ovaries collected from adult raccoons other than the
immunized animals were used to evaluate the binding of antibodies to racoon ZP by immunohistochemical analysis.
The protocol of this study was approved by the Animal Care and Use Committee of Gifu University (approved number:17030).
The physical examination showed that mild masses and self-collapses at the injection site were temporary, and
therefore, the side effect to peptide administration were considered to be few. ELISA showed the increase in antibody titer in serum after administration of rZPC1, whereas no clear increase was observed of rZPC2 or rZPC3.
Immunohistochemical analysis showed that the antibody bound to the raccoon ZP in sera after administration of
rZPC1, but not of rZPC2 or ZPC3. These results suggest that peptide rZPC1 is immunogenic to raccoons and that the
antibody produced binds to the raccoon ZP.
In this study, only one animal per peptide could be used due to some restrictions. Therefore, it is necessary to
evaluate the immunogenicity of the vaccine antigen candidates using more individuals. In addition, the contraceptive
effect of the peptides rZPC1 is necessary to evaluate in future.
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Contact: monicabiondo@ffw.ch
Established in 1934, the 54 acres Hörnli cemetery in Basel is the biggest in Switzerland and it has always been home
to a population of roe deer (Capreolus capreolus). Part of the cemetery is open to immigration of roe deer from the
surrounding forest, whilst the remaining part is surrounded by a roe deer-proof fence.
Many people see the souls of their deceased in the roe deer and take great pleasure in observing these animals.
However due to complaints of roe deer browsing flowers at the graves, on 12 May 2020, a culling permit was issued
by the Canton Police Department to regulate the deer population. As a result, a legal objection was lodged by the
Fondation Franz Weber (FFW), an international, Swiss-based NGO to prevent the shooting. Independently, over
80,000 people within a few days from the issuing of the culling permit, signed two petitions to stop the culling of
these deer.
Several round table talks with the municipality took place to find a non-lethal solution for managing the roe deer
population. A night spotlight census, complemented by a count conducted by flying a drone over the cemetery,
estimated that in 2020 over 50 roe deer lived in this area and that and 60 individuals were present at the end of 2021.
To try to alleviate the population pressure two permanent passages were established to the forest, but the result was
that only 4-5 roe deer, residents in the area, used the passages back and forth, so this method did not result in any
lessen of pressure.
Therefore, in the first instance, translocating of all individuals and hermetically closing off entrances and fences
for roe deer is being considered. A second option been evaluated is fertility control. Using contraceptives to slow
reproductive rates may offer a further tool to manage this human-wildlife conflict and give the possibility of applying
the model to similar realities in the future.

1Cozzi,

B. C., 2Zielke, R., 2Sikora, A., 3Cox, G., 1Sherwood, D., 1Kutzler, M. A.

1College

of Agricultural Sciences Oregon State University (OSU), Corvallis, OR, USA; 2College of Pharmacy OSU,
Corvallis, OR, USA; 3Veterinary Vaccine Services, Inc., Omaha, NE, USA

Contact: Brynley Cozzi, cozzib@oregonstate.edu
Previous research has shown that sperm acrosome associated 3 (SPACA3) protein is localized to granulosa cells in
all stages of equine (Equus caballus) ovarian follicles. The objective of this study was to demonstrate that administration of a SPACA3 vaccine would be safe in horses. We hypothesized that immunizing horses against SPACA3
would not result in adverse reactions and would stimulate a humoral response.
A short SPACA3 sequence previously used in mice was synthesized from a mammalian expression system
(Genscript, Piscataway, NJ) and conjugated to carrier protein (CRM-197, Fina Biosolutions, Rockville, MD). The
conjugated peptide was mixed 1:1 with an adjuvant (GERBU, V-BIOGNOSTICS, San Diego, CA), which was specifically
selected for its safety in horses. One gelding was used for this preliminary safety trial and the research was
approved by the Oregon State University Institutional Animal Care and Use Committee (#0103). A total of three
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vaccinations were given 3 weeks apart intramuscularly into the caudal thigh. Jugular venous blood samples were
taken before each vaccine was administered and 3 weeks following the last vaccine. Serum samples were
subjected to routine western blotting to confirm the presence of SPACA3 antibodies. No long-term negative side
effects or vaccine reactions occurred. Antibodies were successfully raised against the SPACA3 vaccine.
The current contraceptive vaccine used for feral female horses and burros (Equus asinus) is directed against the
zona pellucida 3 protein, and as such, can only target primary, secondary and tertiary follicles. The expression
of SPACA3 expression in the pre-granulosa cells surrounding primordial follicles increase the likelihood that a
contraceptive vaccine against this target will yield permanent results. Future studies are planned to evaluate the
effect of SPACA3 vaccination on follicle production in mature mares.

1Frank,
1The

K.

Science and Conservation Center, Billings, MT

Contact: kfrank@sccpzp.org
Porcine Zona Pellucida (PZP) Immunocontraception is an application for wildlife population control of wild horses,
urban deer, and African Elephants. Not only is PZP used for wild animals, but also for captive species in zoos and
sanctuaries. Ethical considerations and thus protocol for captive animal contraception are: maintain genetically
viable populations within a confined space; reduce (but not eliminate) reproduction; reduce surplus animals; have
no debilitating health side-effects; be safe for pregnant and lactating animals; and be reversible. PZP has been used
in 1780+ individual animals from 200 species in 226 zoos worldwide. It is 95% effective in most ungulate families,
including, Bovidae, Caprinae, Giraffidae, Equidae, Elephantidae and Hippopotamidae. PZP is used in other species,
which are not ungulates, like bears (Ursus), bats (Chiroptera) and naked-mole rats (Heterocephalus glaber).
There is much information housed in the SCC Zoo database about animals that have received the PZP vaccine. Data
points provide information such as: is the female a proven breeder; vaccination dates; other vaccines administered;
breeding behaviors; and reversals. With this information, protocols can be developed for use in wildlife populations
where needed.

1French,

H, 1Segabinazzi, L.G.T.M., 1Peterson, E., 2Bertschinger, H., 2Schulman, M., 3Roth, R.,
D., 1Gilbert, R.O., 1French, H.
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University School of Veterinary Medicine, St Kitts, West Indies; 2University of Pretoria, Pretoria, South Africa;
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3Council

Contact: Lorenzo Segabinazzi, lsegabinazzi@rossvet.edu.kn; Hilari French, hfrench@rossu.edu
Effective contraceptive vaccines have been developed for use in wildlife and feral animal overpopulations. These
vaccines rely on the principle of immunocontraception that interrupt reproductive processes and cause a period of
infertility. One vaccine target in the reproductive pathway is the zona pellucida (ZP), a complex glycoprotein matrix
surrounding the mammalian oocyte. The porcine ZP vaccine has been successfully used for contraception in
approximately 80 species. Most recently, a recombinant ZP (reZP) vaccine has been used with a similar purpose.
Despite the widespread application of ZP vaccines, relatively little is known about their mechanism of action. Their
primary mechanism of action is suggested an antibody-mediated interference with sperm-zona pellucida binding
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and fertilization. Zona pellucida vaccines have however been associated with ovarian dysfunction in several species.
Therefore, the goal of this study was to evaluate the effect of a reZP vaccine on ovarian dynamics and histology of
donkeys. Fifteen reproductively sound jennies were randomly assigned to treatment (n=12) and control (n=3) groups.
Jennies received three treatments 35 days apart of reZP (Treatment; 250 µg ZP3 and 250 µg ZP4; CSIR) or a placebo
(Control; Lactated ringers). Jennies were monitored by transrectal ultrasound weekly. A left flank ovariectomy was
performed in the treated jennies when no follicles ≥10 mm were observed for > three continuous weeks (ovarian
shutdown) and a concurrent ovariectomy was performed in the control jennies at this meantime. Immediately postovariectomy, the ovaries were fixed in 10% neutral buffered formalin and embedded in paraffin for histological evaluation. Tissues were sectioned at 5 µm thickness and stained with hematoxylin and eosin. Sections from two different
portions of the ovary of nine jennies (treated, n=7; control, n=2) were evaluated for the presence of follicles and inflammatory cells. Results are presented as mean±standard deviation. Ovarian shutdown was observed 146.7±9.9
(n=12) days after the first vaccination in the treated group.
Leukocytic infiltration was observed in the treated group in secondary (4 jennies) and early tertiary (1 jenny) follicles.
Only primordial follicles were observed in the sections from the other two jennies from the treated group. Late
tertiary follicles were observed in the control group but not the treated group. No inflammatory cells were seen in the
ovaries from the control group. These preliminary results suggested that the reZP vaccine induced ovarian shutdown in
jennies through an immune response and consequent inhibition of follicle growth. Further analyses are required to
confirm our hypothesis.
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1Department

of Biology and Biological Engineering, California Institute of Technology, Pasadena, CA

Contact: haybruce@caltech.edu (haylab.github.io)
Several years ago, we pioneered a new approach to long-term contraception, vectored contraception (VC) (Li et al.,
2015). We used a gene therapy vector (a non-replicating adeno-associated-virus, AAV) to package and deliver into
mouse muscle (through an IM injection) a gene encoding either an antibody that binds GnRH or a component of the
zona pellucida. Expression of these antibodies resulted in long term infertility in males and females, and females,
respectively. Gene therapy-based approaches to contraception are attractive because use of a cloned gene ensures
that all animals experience a similar response, unlike what often happens with vaccines. Also, work in other large
animals such as dogs, non-human primates and humans show that AAV is stable in post-mitotic cells such as muscle
and can express at high levels for many years.
The challenge to extending this approach to larger animals such as equids relates to dose: how can we produce enough
protein to inhibit a process essential for fertility, cheaply, in animals ten thousand times larger than a mouse (mice
have 5 mls of blood, horses ~ 50 liters)? The hypothesis we are interested in testing is that long term infertility can
be achieved–at low dose–through AAV-based expression of an engineered protein that binds very tightly to a specific
region of Juno, a protein expressed on oocytes whose function is essential for sperm binding and fertilization in
mammals. The specific hypothesis to be tested is that a modest number of AAV genomes, and the low circulating levels
of a high affinity Juno-binding protein that ensue, will over time saturate all the sperm binding sites on Juno, preventing fertilization. New technologies that give this idea some plausibility include the recent development of AAV vectors
that show a very high tropism (and thus expression level in) muscle, and computational approaches that allow the
creation of small proteins that bind very tightly to a target protein.
Li, J., Olvera, A.I., Akbari, o S., Moradian, A., Sweredoski, M.J., Hess, S., and Hay, B.A. (2015).
Vectored antibody gene delivery mediates long-term contraception. Current Biology 25, R820-2.
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Urban wildlife management has historically focused on culls for population reduction, yet shows questionable
cost- and outcome-effectiveness as it regularly results in population rebounds. Within the Oak Bay municipality
of Victoria, British Columbia, a non-lethal population control study on the native Columbian black-tailed deer
(Odocoileus hemionus columbianus) has been taking place over the last 3 years that offers insights for more effective urban wildlife control. Through the combined use of camera traps and GPS collars, we have found that deer
tend to have relatively small home ranges (0.14 km2) compared to their non-urban counterparts, and that they
tend to select for green spaces and large, lush lots that provide a significant source of supplemental non-native
browse. Concurrently, we are showing that the application of immunocontraception to >63% of the doe population
(in our case 60 does) has decreased fawn abundance by 58% after one year of contraception with Zonastat-D (PZP
vaccine). Immunocontraception, in tandem with methods to decrease deer access to supplemental urban food
sources shows promise for effective non-lethal population control, saving both effort and cost to municipalities.
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Osnabrück, Osnabrück, Germany; 3Centre for Reproductive Medicine and Andrology, University of
Münster, Münster, Germany; 4Friedrich Schiller University Jena, Institute of Ecology, Jena, Germany;
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Analysis and Stored Product Protection, Berlin, Germany

The common vole (Microtus arvalis) is considered the most common vertebrate pest species in Europe. Every
3-5 years, during outbreaks, population densities increase to extreme levels, leading to massive pre-harvest
losses in agriculture and forestry. In addition, they pose a severe health risk to people and livestock because of
the transmission of zoonotic pathogens. There is an urgent need of managing overabundant common vole populations. Bait-delivered fertility control could be one of the methods used in the future. This will require effective but
environmentally safe anti-fertility compounds and suitable baiting strategies.
In this pilot study, wild common voles were trapped and individually housed. A liquid bait, containing VCD and
triptolide was offered to male voles for 28 consecutive days. After the treatment, the voles were euthanized for
dissection or paired with untreated female common voles to assess sperm quality and reproductive success.
Preliminary findings suggest an increase in defects in sperm morphology and a reduction in reproduction. In addition, a bait with the marker Iophenoxic acid was developed for common voles to evaluate bait uptake in a series of
enclosure experiments. First results indicate that burrow baiting and the use of bait stations could yield similar
uptake of a future anti-fertility bait by common voles.
Fertility management could result in a dampened population growth with the remaining population not posing a
considerable risk to crops but maintaining ecosystem services. In contrast to lethal management techniques, there
is no suffering of animals involved and non-target risk should be reduced. Suitable compounds used in optimized
baiting campaigns may help to dampen common vole outbreaks.
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Castration is commonly used to control the behavior of companion animals and livestock, yet there have been few
longitudinal studies of its effects. Despite the ubiquity of this surgery in ridden horses, the effects of castration
(termed gelding in horses) have rarely been examined in a reproductive population. We tested effects of gelding
on maintenance and social behaviors of individuals pre- and post-gelding, and in comparison to intact control
adult males in both harem and bachelor status. We then tested how gelding affected association with mares (i.e.,
maintenance of a harem group) compared to intact controls, and any effects on bachelor social associations. We
further explored any effects on foaling rate to assess potential impacts on population growth rate. We conducted
this study over four years (2017 to 2020) at two Herd Management Areas (HMAs) in western Utah, USA: Conger
and Frisco. We conducted demographic observations year round at both HMAs to record survival and foaling rate.
We additionally recorded behavioral observations at Conger HMA. In December 2017, 27 adult males from Conger
(42% of adult males in the population) were gelded and returned to the range with their social groups. Due to
pre-treatment observations we were able to compare stallions of known status pre- and post-treatment (harem or
bachelor), as well as gelded and intact males. We had no morbidity or mortality related to the gelding surgery and
all males maintained good body condition throughout the study. There was no effect of gelding on maintenance
behaviors (feeding, moving, and standing). There was no effect of gelding on frequency of agonistic behavior,
and a non-significant tendency for less reproductive behavior in geldings; geldings showed more affiliative and
less marking behavior. Age class and/or social status were better predictors of behavior than gelding. Over time
fewer geldings maintained a harem, and their harem size declined during the study. Horses that were bachelors
when gelded tended to remain as bachelors, whereas intact bachelors of the same cohort mostly attained a harem.
Foaling rate at Conger was reduced in the year following treatment, but then returned to pre-treatment levels.
From a welfare perspective gelding is safe to use in feral horses and has minimal effects on horse behavior and
social interactions in a reproductive herd. Effectiveness for population growth control would likely require a larger
proportion of males in the population to be castrated for longer-term effects on foaling rate.

1Low,
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1Humane

Horse Handling, Blacksburg, VA, USA

Contact: sarahlowdvm@gmail.com
Any organization managing wild horses must balance animal welfare needs with the needs for on-range population control, staff safety and satisfaction, and the public’s perception of safe and humane animal treatment. Lowfear, low-stress animal handling, as currently recommended by applied animal behavior and animal welfare science experts, is rapidly being adopted for the management of all species, domestic or wild. For decades, lowstress handling has been accepted as standard of care for captive wild or untamed extensively managed hoof
stock in zoos and animal preserves. In livestock production industries, low-stress handling methods, known as
low-stress stockmanship, are now being implemented for both intensively and extensively managed animals. In
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addition to improving animal welfare by reducing injuries and stress-related health risks, low-stress stockmanship
methods have also been shown to increase handling efficiency and animal productivity, as well as improve work
safety and satisfaction for personnel. Validated, industry-standard animal outcomes-based welfare assessment
tools are available and used regularly in the zoo and food animal industries to monitor animal welfare, assist in
contractor accountability and to improve public relations. Similar tools have not been established for wild horses.
The author seeks support and cooperation from organizations currently managing wild horses for a project to test
state-of the-art animal welfare assessment techniques and document the welfare outcomes of wild horses during
gathering and handling events prior to placement into private care or release back on to the range following
fertility control measures. Placement of horses into private care is often an integral part of non-lethal population
management, and this period of handling during first contact with humans may have a significant impact on future welfare of the individual animal and warrants study. The author has identified one potential test population
of wild horses that will be gathered and removed from their present range using low-stress handling methods and
is seeking other potential test populations. Primary aims of this project are: 1) validation of an animal outcomes
handling welfare assessment tool for wild horses, and 2) creation of a publicly available wild horse welfare
ethogram and SOPs for training stakeholders to use low-stress management practices. Additionally, this project
may provide critical insight into the design and implementation of low-stress methods for repeatable, predictable
delivery of available fertility control measures to the most remote wild horse populations.
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Until 2011 the management practice for the free-ranging feral horses in the Romanian Danube Delta consisted of
frequent round-ups and subsequent slaughter. These procedures were organized on the basis of overgrazing in a
strictly protected area (Letea Forest) and EIA (Equine Infectious Anemia) outbreaks. The captures were done
brutally, without animal welfare concerns and actively condemned by the public. Starting with 2013 a new
population management program was initiated by the animal welfare organization Four Paws in collaboration
with local authorities, using PZP imunocontraception after individual horse capture and marking, followed by
yearly booster. The objective of this study was to assess the overall implementation, feasibility and outcome of
this program between 2011 and 2021 in relationship with the methods of capture and immunization process.
During this period, seven aerial horse counting (x¯=522) were done, 478 remote chemical immobilisation events
took place (145 paddock captured horses and 333 free roaming horses), from which 308 mares were marked and
PZP vaccinated. While under anesthesia, all vaccinated mares received individual ear tags and a microchip for
future identification. Two types of chemical capture techniques were tested for field suitability, horse physiological
changes and blood gas analysis: 1) a standard combination (n=102) of 25mg detomidine, 62.5mg tiletamine,
62.5mg zolazepam and 10mg butorphanol per 3ml delivered dart, with induction times ranging from 12 to 30
minutes, recumbence mean for 35 min and 78,4 % of smooth uneventful recoveries; and 2) a standard combination
(n=91) of 30mg medetomidine and 775mg ketamine in a single disposable 6ml dart that offered uneventful mean
induction of 7.2 min, a median recumbence time of 67min with good muscle relaxation and 98 % of smooth
uneventful recoveries. During Dec 2014 and May 2015, 41 freshly dropped fecal samples were collected from mares
vaccinated with PZP from October 2013 to May 2014 and compared with 38 samples of unvaccinated
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mares. Samples were tested for estrogens and 20?-OH-pregnanes to assess for pregnancy rates. The pregnancy
rate of the PZP treated mares was 14,6% as compared to 81,5% of the control group, although 44% of the mares
did not receive a booster injection for the primer. The average vaccination rate from 2013 to 2021 was 32% of the
number of the adult reproductive mares, with one skipped season (2017-2018) of vaccinations. Vaccinated horses
showed a cumulative behavioral aversion to darting (from 20 m to 60m) making remote yearly booster more difficult. The project costs summed up to around 500€/immunized horse. We conclude that a PZP contraception program through individual immobilization followed by remote booster administration is a feasible alternative solution to traditional roundups. Nevertheless, this approach is time and resource consuming, stressing the need of a
reliable product with multiple year effectiveness without booster.
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Climate change/COVID/geopolitical conflict affect access to natural resources, including potable water, and all of
these dynamics are pushing increasing numbers of people further into poverty and/or refugee status.
This migration of impoverished populations increases the pressure on resources that are shared with quasihomeless animals (street dogs, cats, unwanted cattle). By increasing the burden on natural resources, displaced
people and animals are at risk. It is estimated that water will replace oil in political conflict and warfare.
An estimated 100 to 500 million dogs and/or cats are homeless worldwide. Commonly referred to as “community“
or “street” animals, most live in a gray area between being a domiciled animal and a feral animal. Most require
resources that are shared by people in order to survive.
COVID 19, military conflicts and climate change have widened the global wealth gap, placing additional burdens
directly on those who typically make resources available to unclaimed dogs and cats. Those on the verge of homelessness through eviction in the US expanded by up to 40 million people since the start of COVID 19iv making the
ability to provide calories and water increasingly fragile.
Dogs require 50-60 ml/water per kg per day, and cats require 150 to 250 ml/water per day per animal. Groundwater
depletion leading to a global scarcity of clean water brought the term, “climate refugee,” into our lexicon in order
to describe the challenges to people and animals.
By 2025, 1.8 billion people will live in countries or regions with absolute water scarcity, and two-thirds of the
world's population could be living under water stressed conditions. With the existing climate change scenario,
almost half the world's population will be living in areas of high water stress by 2030.
The low-end estimate of 100 million street dogs weighing 14 kg/dog would require an estimated 77,000,000 liters
of water daily, or 28.1 billion liters annually.
Diminishing natural resources challenge human survival in increasing portions of the globe; this crisis is expected
to worsen. Unsheltered/semi-feral domestic animals require regularly shared resources that are growing scarcer.
A strategic plan for non-surgical fertility control for street animals must figure heavily in the discussion of meeting
the upcoming challenges to global resources.
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A N I M A L W E L FA R E I N S T I T U T E
AWIONLINE.ORG

The Animal Welfare Institute is dedicated to reducing animal suffering caused by people
and ensuring that animals are provided the opportunity to experience a life worth living.
We seek better treatment of animals everywhere—in the laboratory, on the farm, in
commerce, at home, and in the wild. For the past four decades, AWI has actively supported
pioneering efforts to develop and implement science-based fertility control options as
a humane, publicly acceptable alternative to lethal and ecologically disruptive wildlife
management methods. We are grateful to the Botstiber Institute for its important work on
this issue and for hosting the 9th International Conference on Wildlife Fertility Control.
Visit awionline.org to learn more about AWI’s work, become an AWI member, and sign up to receive
the AWI Quarterly magazine and action alerts about important animal welfare issues.
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Innovative. Groundbreaking.
Science-based.
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The American Wild Horse Campaign’s Virginia Range wild
horse fertility control program is the largest of its kind in
the world. Its goal: to bring this historic population of
3,000 wild mustangs in balance with its 300,000-acre
habitat.
Implemented under a cooperative agreement
with Nevada Department of Agriculture
Utilizes the PZP immunocontraceptive vaccine
(ZonaStat H) delivered via remote darting

we're hiring
Our field team is expanding
as the demand for humane
management increases. Learn
more about our field work
and opportunities.
wildhor.se/fieldwork

Powered by a team of 25+ volunteers
5,591 treatments delivered to 1,707 mares since
2019
42% reduction in foaling rate in 2021
Average cost per treatment: $145
Data set of 5,000+ individually identified and
historically documented horses
Academic partnership with University of
Pretoria, South Africa for data analysis
Research partnership with WildMe for
development of facial recognition/AI
identification technology

@freewildhorses

We’re on the cutting edge of humane
management for wild equids: Join us.

AMERICANWILDHORSECAMPAIGN.ORG
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United States Department of Agriculture

Wildlife Services researchers are developing wildlife contraceptives and
other fertility-control methods.

Helping partners resolve wildlife damage and conflicts
through integrated wildlife damage management
operations, research and information

Wildlife Services
Protecting People - Protecting Agriculture - Protecting Wildlife
Contact 1-866-4USDA-WS (1-866-487-3297)
www.usda.aphis.gov/wildlife-damage
U.S. Department of Agriculture ◦ Animal and Plant Health Inspection Service

