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July 15, 2018
Montana Fish, Wildlife & Parks
Wildlife Division
PO Box 200701
Helena, MT 59620-0701
fwpwld@mt.gov
Re: Proposed 2018-2019 Furbearer and Trapping Regulations, Seasons and Quotas
Dear Montana Fish, Wildlife & Parks:
The undersigned organizations and individuals submit these comments in support of a 24-hour or
daily trap inspection requirement for all restraining traps (including foothold traps and foot snares)
and kill traps (including Conibear traps and neck snares)1 set for all species in the state of Montana.
Such a requirement is needed for several reasons.
First, Montana is one of only three states in the country with no general trap check requirement.
The other two are North Dakota and Alaska.2 Every other state that allows recreational trapping,
as well as all three Canadian provinces that border Montana, require that traps and snares be
regularly inspected.
Second, daily trap check requirements are common. Thirty-six states have adopted 24-hour or
daily trap inspection requirements for at least some types of traps or trapping situations.3 These
include western states like Washington, California, Arizona, New Mexico, and Colorado.
Third, numerous scientific studies indicate that 24-hour or daily trap inspections would help reduce
the severity of injuries inflicted on captured animals.4 Long restraint time is associated with
1

G. Iossa, C. D. Soulsbury, and S. Harris, "Mammal Trapping: A Review of Animal Welfare Standards of Killing
and Restraining Traps," Animal Welfare, Vo. 16, no. 3 (Aug 2007), pp. 335-352; G. Proulx et al., "Humaneness and
Selectivity of Killing Neck Snares Used to Capture Canids in Canada: A Review," Canadian Wildlife Biology and
Management, Vol. 4, no. 1, pp. 55-65 (2015).
2
See Appendix.
3
Id.
4
See, e.g., Andelt, W. F., R. L. Phillips, R. H. Schmidt, and R. B. Gill. 1999. Trapping furbearers: an overview of
the biological and social issues surrounding a public policy controversy. Wildlife Society Bulletin 27(1):53-64;
Butterworth, A. (2017). Marine mammal welfare: Human induced change in the marine environment and its impacts
on marine mammal welfare. Cham, Switzerland: Springer, p. 553; Cattet, M., J. Boulanger, G. Stenhouse, R. A.
Powell, and M. J. Renolds-Hogland, An Evaluation of Long-term Capture Effects in Ursids: Implication for Wildlife
Welfare and Research, Journal of Mammalogy, 89(4):973-990 (2008); Halstead, T. D., K. S. Gruver, R. L. Phillips,
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increased exertion, struggling, injury, dehydration, starvation, effects of exposure (such as
hypothermia and (for nocturnal animals) sunlight5), and capture myopathy (physiological
imbalances following extreme struggle and stress).6
Fourth, requiring that traps be checked each day would also reduce injury to, and unintentional
mortality of, “non-target” species. Between 2010 and 2014, for example, traps and snares in
Montana unintentionally captured, injured, or killed at least 89 mountain lions, 12 black bears,
three grizzly bears,* four wolves, 21 bobcats, 31 river otters, four wolverines,* three lynx,* three
fishers,* nine deer, one elk, one pronghorn antelope, 5 raptors,* and ten badgers, among other
species.7, 8 These are just the reported incidents. Requiring traps to be checked frequently would
increase the chances that these species would be released alive and less seriously injured.
Fifth, wildlife professionals support daily trap inspections. The Association of Fish and Wildlife
Agencies (AFWA) Trapper Education Manual urges trappers to “make a commitment to check
your traps at least once every day” in order to reduce suffering, more quickly release non-target
animals, and actually improve success (by, for example, reducing the chance of predation on an
animal caught in a trap).9 Likewise, in its online trapping course, AFWA treats daily trap checks
as a cornerstone of ethical trapping practice, and consistently instructs trappers to perform them.10
In addition, AFWA used daily trap checks to develop its Best Management Practices (“BMPs”)
for trapping in the U.S.11 Montana Fish, Wildlife & Parks (“FWP”) promotes these BMPs on its
website.12 The National Trappers Association recognizes the significance of AFWA as one of the
“largest international organizations representing professional wildlife conservation employees and
governmental wildlife agencies.”13

and R. E. Johnson. 1995. Using telemetry equipment for monitoring traps and snares. Proceedings of the Great
Plains Wildlife Damage Control Workshop 12:121-123; Welfare Outcomes of Leg-Hold Trap Use in Victoria.
(2008). Nocturnal Wildlife Research Pty Ltd., p. 76; Zuardo, T. (2017). How the United States Was Able to Dodge
International Reforms Designed to Make Wildlife Trapping Less Cruel. Journal of International Wildlife Law &
Policy, 20(1), 73-95. doi:10.1080/13880292.2017.1315278.
5
Nocturnal species that are trapped in Montana include bobcats, raccoons, beavers, muskrat, mink, marten,
wolverine, and swift fox. See Foresman, K. R. (2012). Mammals of Montana (2nd ed.). Missoula, MT: Mountain
Press Pub.
6
See, e.g., M. Cattet et al., "An Evaluation of Long-Term Capture Effects in Ursids: Implications for Wildlife
Welfare and Research," Journal of Mammalogy 89, no. 4 (Aug 2008); Proulx et al.
7
See https://www.aphis.usda.gov/aphis/ourfocus/wildlifedamage/sa_reports/sa_pdrs (last visited July 15, 2018);
Montana Fish, Wildlife & Parks, Incidental Captures in Montana 2009-2014 License Years (provided Jan. 2016;
latest data available).
8
Those species with an asterisk (*) following their name are currently designated as “species of concern” in
Montana. From records provided by Montana Fish, Wildlife & Parks, it is not clear which raptors were captured;
multiple raptor species are designated as species of concern in the state.
9
See Association of Fish and Wildlife Agencies, Trapper Education Manual, p. 97 (2005).
10
See Association of Fish and Wildlife Agencies, North American Basic Trapper Course, Introduction, available at
https://conservationlearning.org/ (last visited July 15, 2018).
11
See Association of Fish and Wildlife Agencies, “Best Management Practices for Trapping in the United States:
Introduction,” (2006), p. 4.
12
See http://fwp.mt.gov/hunting/trapping/ (last visited July 14, 2018).
13
See http://www.nationaltrappers.com/trappingfacts.html (last visited July 15, 2018).
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Further, in its guidelines for the use of wild animals in research, the American Society of
Mammalogists states that most traps should be checked at least once a day,14 and restraining traps
like snares and foothold traps must be checked “twice daily or more often depending upon target
species and potential for capture of non-target species.”15 The American Veterinary Medical
Association opposes the use of conventional foothold traps and states that traps should be checked
“at least once every 24 hours.”16
Finally, in 2017, FWP itself recommended a mandatory trap-check interval:
FWP should have a maximum time allowed legally between trap checks as a
means of dealing with the occasional instance of negligence. Such a regulation
would allow enforcement to pursue clear cases of negligence and would likely
encourage reduced trap check intervals for some who currently check at “too long
of an interval.”17
In sum, in order to minimize stress, struggling, exertion, injury, and unnecessary mortality to
target and non-target species, and in order to improve enforcement and discourage negligent trap
check intervals, we respectfully request that FWP adopt a regulation requiring that all restraining
and kill traps and snares set for all species in Montana be visually inspected at least once each
day or every 24 hours.
Thank you for considering this request.
Sincerely,

Zack Strong
Staff Attorney
Natural Resources Defense Council
317 E. Mendenhall St., Suites D and E
Bozeman, MT 59715
zstrong@nrdc.org

Wendy Hergenraeder
Montana State Director
The Humane Society of the United States
2150 Concord Dr.
Billings, MT
whergenraeder@humanesociety.org

Marc Cooke
President
Wolves of the Rockies

Bethany Cotton
Wildlife Program Director
WildEarth Guardians

14

See Sikes, R.S., W. L. Gannon, and the Animal Care and Use Committee of the American Society of
Mammalogists. 2011. Guidelines of the American Society of Mammalogists for the use of wild mammals in
research, Journal of Mammalogy, 92(1):235-253, 244.
15
Id. at 242.
16
See https://www.avma.org/KB/Policies/Pages/Trapping-and-Steel-jawed-Leghold-Traps.aspx (last visited July 15,
2018).
17
See Montana Fish, Wildlife & Parks, “Public Comment Summary for June 2017 Trapping Proposal” available at
http://fwp.mt.gov/doingBusiness/insideFwp/commission/meetings/agenda.html?coversheet&topicId=41849575 (last
visited July 14, 2018).
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P.O. Box 742
Stevensville, MT
Marc@Wolvesoftherockies.org

P.O. Box 7516
Missoula, MT 59802
bcotton@wildearthguardians.org

Derek Goldman
Northern Rockies Representative
Endangered Species Coalition
526 E. Front Street
Missoula, MT 59802
dgoldman@endangered.org

KC York
President
Trap Free Montana
P.O. Box 335
Hamilton, MT 59840
info@trapfreemt.org

Mike Garrity
Executive Director
Alliance for the Wild Rockies
P.O. Box 505
Helena, MT 59625
wildrockies@gmail.com

George Nickas
Executive Director
Wilderness Watch
P.O. Box 9175
Missoula, MT 59807
gnickas@wildernesswatch.org

Camila H. Fox
Founder & Director
Project Coyote
P.O. Box 5007
Larkspur, CA 94977
cfox@projectcoyote.org

Melly Reuling
Deputy Director
Center for Large Landscape Conservation
Bozeman, MT

Connie Poten
President
Footloose Montana (501(c)(3) Corporation)
P.O. Box 8884
Missoula, MT 59807
rattlefarm@gmail.com

Julie Kluck
Campaign Associate
Born Free USA
National (Washington, D.C.)

Lisa Robertson
President
Wyoming Untrapped
P.O. Box 9004
Jackson, WY 83002

Steve Leach
Executive Director
Stafford Animal Shelter
3 Business Park Road
Livingston, MT 59047
topdog@staffordanimalshelter.org

Sophie Osborn
Wildlife Biologist/Author
2377 S Sunset Bench
Stevensville, MT 59870
sophie_osborn@hotmail.com

Arlene Montgomery
Program Director
Friends of the Wild Swan
PO Box 103
Bigfork, MT 59911
arlene@wildswan.org
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Bonnie Rice
Greater Yellowstone/Northern Rockies
Senior Campaign Representative
Sierra Club
P.O. Box 1290
424 E. Main Street, Suite 203C
Bozeman, MT 59771
bonnie.rice@sierraclub.org

Andrea Santarsiere
Senior Attorney
Center for Biological Diversity
P.O. Box 469
Victor, ID 83455
asantarsiere@biologicaldiversity.org

Larry Campbell
Conservation Director
Friends of the Bitterroot
PO Box 442
Hamilton, MT 59840
lcampbell@bitterroot.net

April Christofferson
Attorney, author of TRAPPED
240 Canary Lane
Bozeman, MT 59715
aprilchristoff@msn.com

Natasha Osborn
CVT (Certified Veterinary Technician)
Pathfinder Agility and Dog Training, LLC
3529 Baldwin Road
Stevensville, MT 59870
frognchase@gmail.com

Kay Fulton
Member of Bitterroot Audubon
190 Mountain View Drive
Victor, MT 59875
kayinmt@cybernet1.com

Ms. Linda Helding
Independent Conservationist and Writer
POB 812
Arlee, MT 59821
helding64@gmail.com

John Meyer
Executive Director
Cotton Environmental Law Center
Bozeman, MT

Deborah Slicer, PhD
Professor
University of Montana
PO Box 3866
Missoula, MT 59805
docbarrally4@gmail.com

Cameron Kroetz
Communications Director
Montana College Democrats
Bozeman, MT

Marcia Williams
Missoula, MT

Nancy Braun
Missoula, MT

Janice Stroud
Victor, MT

Shan Guisinger
Missoula, MT

Charlie Donnes
Billings, MT

Jerome Walker
Missoula, MT

Greta Moore
Bozeman, MT

Twila Moon
Big Sky, MT

Margaret Ten Eyck
Belgrade, MT
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Molly Thompson
Bozeman, MT

Chet Stefan
Bozeman, MT

William Leaphart
Helena, MT

Suzie Hockel
Bozeman, MT

Kyla Smith
Bozeman, MT

Kira Flagstead
Billings, MT

Whitney Metzger
Bozeman, MT

Sandra Kindt
Bozeman, MT

Janis Cooper
Hamilton, MT

Lisa Coleman
Bozeman, MT

Otto Stefan
Bozeman, MT

Marilyn Saunders
Hamilton, MT

Alec Humphries
Bozeman, MT

Kelly Barney
Bozeman, MT

Jan Bullock
Hamilton, MT

Henry Stefan
Bozeman, MT

Trevor Lowell
Missoula, MT

Dr. Michelle Long
Stevensville, MT

Michael Smith
Bozeman, MT

Robyn Lauster
Bozeman, MT

Margaret Laubenheim
Hamilton, MT

Gianna Savoie
Bozeman, MT

Ross Rodgers
Bozeman, MT

Robert E. Harrison
Stevensville, MT

Meg Casey
Bozeman, MT

Alexa Calio
Bozeman, MT

Colleen D. Miller
Stevensville, MT

Joshua Dickinson
Bozeman, MT

Laramie Maxwell
Bozeman, MT

Gay Allison
Missoula, MT

Elijah Klein
Bozeman, MT

Julie Maxwell
Bozeman, MT

Andrea Scholz
Big Sky, MT

Cecily Johnson
Bozeman, MT

Sarah Hann
Bozeman, MT

Nancy Ostlie
Bozeman, MT

Paula Posey
Bozeman, MT

Kirsten Mull Core
Bozeman, MT

Susan Blair
Missoula, MT

Jamie Walton
Bozeman, MT

Jack Johnson
Bozeman, MT

Daniel Cox
Bozeman, MT
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Jesse Brown
Bozeman, MT

Alicia Smith
Bozeman, MT

Amanda Cooper
Belgrade, MT

Lisa Trankley
Bozeman, MT

Martha Newell
Missoula, MT

Becka Barkley
Bozeman, MT

Charlotte Heldstab
Whitefish, MT

Skip Horner
Victor, MT

Susan Waters
Missoula, MT

Linda Whittlesey
Clinton, MT 59825

Mark W Stevens
Belgrade, MT

Elise Behnke
Belgrade, MT

Christine Gianas
Weinheimer
Bozeman, MT

Scharyn Way
Victor, MT

Tanya Cox
Bozeman, MT

Pat Bartholomew
Hamilton, MT

Lee H. Metzgar
Missoula, MT

Alicia Smith
Bozeman, MT

Greg Rogers
Stevensville, MT

Eric Nelson
Missoula, MT

Matt Cooper
Belgrade, MT

Stephanie Naftal
Red Lodge, MT

Gary W. Hawk
Missoula, MT

Alicia Lee
Billings, MT

Z’eva Singer
Hamilton, MT

Ford Johnson
Missoula, MT

Steve Barkley
Bozeman, MT

Michael Stoerger
Bozeman, MT

Wayne Adair
Hamilton, MT

Virginia Arensberg
Missoula, MT

Mary Jane Barrett
Kalispell, MT

Stephen W. Barrett
Kalispell, MT

Stephanie H Becker
Harrison, MT

Robin Billau
Bozeman, MT

Barb Booher
Troy, MT

Jean Brennan
Victor, MT

Teresa Brock
Missoula, MT

Jennifer Brown
Bozeman, MT

Nancy Brown
Missoula, MT

Tamzin Brown
Bozeman, MT

Peg Brownlee
Florence, MT

Kim Carey
Bigfork, MT
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Jan Carr
Missoula MT

Bromley Casbara
Hamilton, MT

Brian C. Cherry
Victor, MT

Kris Christensen
Clancy, MT

Art Compton
Helena, MT

Lorenza Cooke
Stevensville, MT

Michele Craig
Hamilton, MT

Charlene Crawford
Heart Butte, MT

Vicki M Cross
Florence, MT

Diana Dandridge
Hamilton, MT

Alicia Davis
Livingston, MT

Beverly Jean Dawson
Livingston, MT

Brynn Dubois
Pinesdale, MT

Roger W. DeHaan
Victor, MT

Bruce Desonia
Helena, MT

Robert Detmers
Victor, MT

Jenica Duntsch
Bozeman, MT

Maureen Edwards
Polson, MT

Michael J. Eggum
Red Lodge, MT

Bonney Eken
Missoula MT

Patricia S. Eldredge
Victor, MT

Carolyn A. Fifer
Bozeman, MT

Constance Ann Fiske
Montana City, MT

Gianni Amantea Fullerton
Hamilton, MT

Terence Gill
Eureka MT

Sandra Goodwin
Clancy, MT

Barbara Goral
Victor, MT

Amy L. Greer,
Corvallis, MT

Steven B. Greer
Corvallis, MT

Kari Gunderson
Condon, MT

Heidi Handsaker
Billings, MT

Deborah Herzog
Corvallis, MT

Lexie Hilliard
Florence, MT

Duane Houtchins
Stevensville, MT

Erin Houtchins
Stevensville, MT

Judith A. Hoy
Stevensville, MT

Robert D. Hoy
Stevensville, MT

Angela P. James
Great Falls, MT

Sue Janssen
Troy, MT

Barbara Jennings
Huson, MT

Vicki Kent
Helena, MT

Natalie Ketola,
Manhattan, MT

Peggy Marie Klouda
Victor, MT

Susan J. Kronenberger
Helena, MT

Robin Langton
Helena, MT
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Jill Lewis
Great Falls, MT

Donna Mahoney
Victor, MT

Marla Mahoney
Stevensville, MT

Thomas Mahoney
Stevensville, MT

Ann Machek
Stevensville, MT

Frank Machek
Stevensville, MT

Deborah Massett
Helena, MT

Suzanna McDougal
Hamilton, MT

Michael Meister
Stevensville, MT

Ivy Merriot
Three Forks, MT

Wes Miles
Hamilton, MT

Frank Mogan
Stevensville, MT

Cheryl Moore
Missoula, MT

Tom Mullen
Darby, MT

Bob Muth
Kalispell, MT

Dawn Michelle Odom
Darby, MT

Melissa Odom
Darby, MT

Michelle Post
Hamilton, MT

Charles Preston
Stevensville, MT

Sarah Prodell
Missoula, MT

Carrie Reisig,
Great Falls, MT

Kelly Richmond
Clinton, MT

Dagmar M. Riddle
Whitehall, MT

Line Ringgaard
Helena, MT

Debbie Rossi
Butte, MT

Janet Russell
Hamilton, MT

Larry Russell
Hamilton, MT

Pierre Satkowiak
Stevensville, MT

Mary Sarumi
Great Falls, MT

Ted Saurman
Troy, MT

Drew Sovilla
Helena, MT

Arnold E Sowa
Helena, MT

Nancy C. Spagnoli
Victor, MT

Terry L. Spath
Lincoln, MT

Hilary M. Stahl
Corvallis, MT

Dawn Valley
Great Falls, MT

John Wallingford
Missoula, MT

Jill Loveland Weible
Ronan, MT

Mary Wulff
Grantsdale, MT
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Brooke Helstrom
Bozeman, MT

Oliver Wood
Bozeman, MT

Misty Hammerbacker
Jefferson Island, MT

Sarah Stewart
Gardiner, MT

Donna Gardner
Billings, MT

Peggy Brewer
Bigfork, MT

Tamara Iwerks
Red Lodge, MT

Daniel Webster
Red Lodge, MT

Vicki Bruner
Billings, MT

Robert Black
Bozeman, MT

Laura Wakeman
Dillon, MT

Elinor Williamson
Seeley Lake, MT

Michael Eggum
Red Lodge, MT

Lara Erickson
Columbia Falls, MT

Sandra McCormick
Helena, MT

Jane Byard
Missoula, MT

Kerry Krebill
Clancy, MT

Thomas Borr
Polson, MT

Toni Semple
Livingston, MT

Karen Cashley
Birney, MT

Jane Fogleman
Great Falls, MT

Anita Doyle
Missoula, MT

Beverly Villinger
Bozeman, MT

Nancy Winslow
Missoula, MT

Steve Connell
Charlo, MT

Bernard Rose
Billings, MT

Littlebird Parks
Bigfork, MT

Kathie Dove
Missoula, MT

A.B. Kovats
Stevensville, MT

Rebecca Durham
Missoula, MT

Sarah Mayfield
Whitefish, MT

Margaret Adam
Bozeman, MT

Michaelene Brownfield
Polson, MT

Corine Lindhorst
Great Falls, MT

Jennifer Devey
Four Corners, MT

Sharon Scarborough
Whitehall, MT

Rob Schrock
Kalispell, MT

Phyllis Faulkner
Great Falls, MT

John Chott
Troy, MT

Priscilla Bell
Laurel, MT

Debbie Lyman
Heron, MT

Dave Lyman
Heron, MT

Martin Lecholat
Missoula, MT

Carol Hanson
Lewistown, MT

Joy LaClaire
Bozeman, MT
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Lindsay Swan
Bozeman, MT

Frederick Schaffer
Laurel, MT

Beverly Glueckert
Missoula, MT

Susan Mavor
Bozeman, MT

Sharman Schauff
Lolo, MT

Melinda Cekande
Heron, MT

Carey Hauser
Lakeside, MT

Jim Sennett
Lewistown, MT

Mariah Smith
Belgrade, MT

Jenni Chaffin
Missoula, MT

Carol Leasure
West Yellowstone, MT

Dennis Heinzig
Whitefish, MT

Candace Noneman
Columbus, MT

Kathy Jensen
Kalispell, MT

Jannis Conselyea
Helena, MT

Emily Rahn
Livingston, MT

Barbara Hull
Helena, MT

Dana Hillyer
Helena, MT

Mel Mooers
Victor, MT

Daniele Gucci
Broadview, MT

Jerry DiMarco
Bozeman, MT

Ralph Guay
Helena, MT

Brenda Oviatt
Missoula, MT

Johnita Ginter
Eureka, MT

Jill
Troy, MT

Lynn Arney
Absarokee, MT

Loren Mason-Gere
Whitefish, MT

Carol Marsh
Missoula, MT

Polly Preston
Polebridge, MT

Karrie Taggart
West Yellowstone, MT

Jennifer Swearingen
Bozeman, MT

Wilfred Miller
Kalispell, MT

Mary Boucek
Polson, MT

Valerie Lloyd
Whitefish, MT

Holly Aloise
Bozeman, MT

Dorothy Baker
Great Falls, MT

Wayne Mortimer
Bozeman, MT

Fred Teifke, Jr.
Big Sky, MT

Joel Vignere
Lakeside, MT

Katie Callahan
Whitefish, MT

John Kirk
Billings, MT

Kristine Ellingsen
Bozeman, MT

Anja Heister
Missoula, MT

Bernadette Helfert
Ashland, MT

Sarah Hoffman
Park City, MT
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Bob Gates
Kalispell, MT

Jonathan Matthews
Helena, MT

Erin Nuzzo
Missoula, MT

Kristin Freeman
Missoula, MT

Marilyn Hill
MT

Beverly Fowler
Bozeman, MT

Michelle Lute
Missoula, MT

Gary Webber
Alberton, MT

Keenan Percival
Kalispell, MT

Cindy Mcilveen
Missoula, MT

Vicky Homer
Helena, MT

Kim Lockwood
Bozeman, MT

Shane McMillen
Whitefish, MT

Laurie Breeden
Sun River, MT

Wanda Latendresse
Billings, MT

Hillery Daily
Darby, MT

Josie Jenkins
Great Falls, MT

Marlene Miller
Butte, MT

Linda Smith
Missoula, MT

Mark Alstyne
Helena, MT

Jill Alstyne
Helena, MT

Darryl Wrona
Billings, MT

Mark Roberts
Superior, MT

William Schultz
Whitefish, MT

Stephanie Lindsay
Bozeman, MT

James Wiggins
Billings, MT

Russ Thayer
Bozeman, MT

Dr. Todd Schlapfer
Somers, MT

Betty Potter
Greenaugh, MT

Dorothy Keeler
Emigrant, MT

Mac Donofrio
Hamilton, MT

Daniel Mcmannis
Missoula, MT

Carol Lemieux
Missoula, MT

Debbie Marjanen
Livingston, MT

Fred Brewer
Butte, MT

Jeffrey Wise
Red Lodge, MT

Pete Rorvik
Ronan, MT

Mary Stranahan
Arlee, MT

Larry Robson
Huntley, MT

Ellen Sanford
Anaconda, MT

Kirsten Taylor
Bozeman, MT

Marylou Blakeslee
Bozeman, MT

Paul Grove
Trego, MT

Jessie Close
Bozeman, MT

Collette Brooks-Hops
Bozeman, MT
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Raso Hultglen
Missoula, MT

Joseph Thompson
Corvallis, MT

David Philips
Whitefish, MT

Amy Gunn
Bigfork, MT

Laura Loring
Missoula, MT

Jillian Fiedor
Billings, MT

Lisa Sukut
Livingston, MT

Traci Cain
Conrad, MT

Jan Horan
Helena, MT

Jennifer Nitz
West Yellowstone, MT

Alan Leech
Bozeman, MT

Willow Brown
Park City, MT

Carole Reeves
Kalispell, MT

Bartley Deason
Darby, MT

Andy Sayen
Hamilton, MT

Sandra Kempa
Black Eagle, MT

Shari Sutherland
Belgrade, MT

Maureen Kiely
Helena, MT

Roy Moss
Kalispell, MT

Claire Trauth
Stevensville, MT

Devon Gainer
Bozeman, MT

Sherron Norlen
Lavina, MT

Gary B. Jones
Gallatin Gateway, MT

Rick Whitman
Livingston, MT

Ellen Swaney
Polson, MT

Bob Springer
Heron, MT

Jane Timmerman
Kalispell, MT

Judith Nelson
Seeley Lake, MT

Karen Renne
Missoula, MT

Deborah Regele
Joliet, MT

Leslie Connor-Maiyo
Corvallis, MT

Milla L. Cummins
Livingston, MT

George Jivelekas
Billings, MT

Naomi Sanchez
Missoula, MT

Russ Abolt
Condon, MT

Catrina LaPointe
Lakeside, MT

Shayla Walker
Billings, MT

William Walker
Billings, MT

Paul Sullivan, Sr.
Bigfork, MT

Mary Craig
Butte, MT

Carla Ljunggren
Billings, MT

Charlene Owens
Bozeman, MT

Lynn Nyquist
Bainville, MT

Nancy Hawkes
Whitefish, MT

Marilynn Taylor
Florence, MT
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Leilani Hadd
Missoula, MT

Linda Thurston
Gardiner, MT

Jim Parker
Fairfield, MT

Carol Averill
Big Sandy, MT

Robertus Wortelboer
Emigrant, MT

Kathy Lloyd
Helena, MT

Donald Burgard
Columbia Falls, MT

J. Foster
Saint Regis, MT

Karen Day
Bozeman, MT

Barbara Wooley
Dillon, MT

Carolyn Hall
Columbia Falls, MT

Rhonda Best
Joliet, MT

M. O’Brien
Polson, MT

Mel Lopane
Helena, MT

Toni Stark
Stevensville, MT

Shane Kiltie,
Miles City

James Anderson
Billings, MT

Katherine Connelly
Missoula, MT

Sarah Ray
Livingston, MT

Diane DeCaro
Missoula, MT

Riann Lemler
Butte, MT

Robert Hilten
Columbus, MT

Joanna Dove
Helena, MT

Brittany Woodell
Royal Oak, MI

Megan Friend
Brooklyn, NY

Claire Morgenstern
Brooklyn, NY

Jesse Shayne
Ridgewood, NY

Walter Sykes
Joseph, OR

Donald Molde
Reno, NV

Lisandre Lyon
Seal Beach, CA

Patricia Anderson
Dunedin, Otago
New Zealand

Pamela Alvesteffer
Fremont, MI

Brian M. Beckmann
St. Louis, MO

Patricia Berry
Sedona, AZ

Sharon Brown
Victor, ID

Jennifer Edelen
Louisville, KY

Laura Fertig
Kanab, UT

Richard W. Firth
Mechanicsville, VA

Jeana Fox
Wayzata, MN

Matthew Reed Francis
Prescott, AZ

Robert Goldman
Portland, ME

Sharon Guritz
Atlanta, GA

Gail Helfer
Kansas City, MO

Sheryl Hester
Tucson, AZ

Thora Gerry Hodge
Clarkdale, AZ
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Tanya Kasper
Wimberley, TX

Betsy Klein
Sedona, AZ

Kiirstin Kuhi
New York, NY

Jill Kyriakopulos
Sedona, AZ

Margot Lowe
Oceanside, CA

Karin Mahuna
Colorado Springs, CO

Vicki Markus
Centennial, WY

Kimberly McGuire
Fort Lauderdale, FL

Evi Meuris
Denver, CO

Karol Henckel Miller
Rochester, MI

Kim Miller
Tillamook, OR

Steven Neill
Spokane Valley, WA

Valerie Nordeman
Laytonville, CA

Lizbeth Pratt
Jonesport, ME

Timon Pratt
Sedona, AZ

Deb Reis
Cincinnati, OH

Deborah Rossum
Sedona, AZ

Whitney Royster
Jackson, WY

Mark Ruggieri
San Jose, CA

Marina Sagardua
Brighton, MA

Lori Serotta
Roseville, CA

Mary Shabbott
Punta Gorda, FL

Scott Slocum
White Bear Lake, MN

Janet Sorenson
Matthews, NC

Susan Sorg
Grand Rapids, MI

Trish Swain
Sparks, NV

Diane Tullia
Austin, TX

Dolores J Varga
San Tan Valley, AZ

Ericka Wanenmacher
Santa Fe, NM

Todd George
Pasadena, CA

Margareta Marro
Pasadena CA

Catherine Smith
Reno, NV
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Appendix A: Trap Check Requirements in the United States
Table 1: General Trap Check Intervals by State for Live Sets*
ALABAMA
ALASKA
ARIZONA
ARKANSAS
CALIFORNIA
COLORADO
CONNECTICUT
DELAWARE
FLORIDA
GEORGIA
HAWAII
IDAHO
ILLINOIS
INDIANA
IOWA
KANSAS
KENTUCKY
LOUISIANA
MAINE
MARYLAND
MASSACHUSETTS
MICHIGAN
MINNESOTA
MISSISSIPPI
MISSOURI
MONTANA
NEBRASKA
NEVADA
NEW HAMPSHIRE
NEW JERSEY
NEW MEXICO
NEW YORK
NORTH CAROLINA
NORTH DAKOTA
OHIO
OKLAHOMA
OREGON
PENNSYLVANIA

INTERVAL:
24 hours1
None
Daily
Daily
Daily
Daily2
24 hours
24 hours3
24 hours
24 hours
No furbearer trapping
72 hours4
Daily
24 hours
24 hours
Daily
24 hours
Daily
Daily
Daily5
Daily
Daily6
Daily
36 hours
Daily
None
Daily
96 hours7
Daily
24 hours
Daily
24 hours8
Daily
None
Daily
24 hours
48 hours9
36 hours

BY STATUTE/REGULATION:
ALA. CODE § 9-11-266
N/A
ARIZ. ADMIN. CODE § 12-4-307(G)(1)
002-00-001 ARK. CODE R. §17.02
CAL. CODE REGS. tit. 14, § 465.5(g)(2)
COLO. CODE REGS. § 406-3 #302(B)(2)
CONN. GEN. STAT. § 26-72
DEL. CODE tit. 7, § 705
FLA. ADMIN. CODE r. 68A-24.002(1)
GA. CODE § 27-3-63(a)(3)
HAW. ADMIN. CODE § 13-123-22
IDAHO ADMIN. CODE § 13.01.16.200.01
520 ILL. COMP. STAT. 5/2.33a
IND. CODE § 14-22-6-4
IOWA CODE § 481A.92
KAN. ADMIN. REGS. § 115-6-5(c)(13)
KY. REV. STAT. § 150.410(2)
LA. REV. STAT. § 56:260(A)
ME. REV. STAT. tit. 12, § 12255(1)
MD. CODE REGS. 08.03.06.03(E)
321 MASS. CODE REGS. 3.02(e)(11)
Mich. Wildlife Conservation Order § 3.600(12)(a)
MINN. R. 6234.2200
MISS. CODE ANN. § 49-7-13(4)(d)
MO. CODE REGS. tit. 3, § 10-8.510(2)
N/A
163 NEB. ADMIN. CODE § 4-001.03A1
NEV. ADMIN. CODE § 503.570(3)
N.H. REV. STAT. § 210:13
N.J. ADMIN. CODE § 7:25-5.12(i)
N.M. CODE R. § 19.32.2.11(A)
N.Y. COMP. CODES R. & REGS. tit. 6, § 6.3(a)(3)
15A N.C. ADMIN. CODE 10B.0110
N/A
OHIO ADMIN. CODE 1501:31-15-09(G)
OKLA. STAT. tit. 29, §5-502(C)
OR. REV. STAT. § 498.172(1)
34 PA. CONS. STAT. § 2361(a)(10)
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RHODE ISLAND
SOUTH CAROLINA
SOUTH DAKOTA
TENNESSEE

24 hours
Daily
72 hours10
36 hours

TEXAS
UTAH
VERMONT
VIRGINIA
WASHINGTON
WEST VIRGINIA
WISCONSIN
WYOMING

36 hours
48 hours
Daily
Daily
24 hours
Daily
Daily
72 hours11

20 R.I. GEN. LAWS § 20-16-9
S.C. Code § 50-11-2440
S.D. Admin. R. 41:08:02:03
Tenn. Fish and Wildlife Comm. Proclamation 1805, § III (9)
31 TEX. ADMIN. CODE § 65.375(c)(2)(E)
UTAH ADMIN. CODE r. 657-11-9(12)
Vt. Admin. Code 16-4-137:4.1
4 VA. ADMIN. CODE § 15-40-195
WASH. ADMIN. CODE § 220-417-030(4)(c)
W. VA. CODE R. § 58-53-3.3
WIS. ADMIN. CODE NR § 10.13(2)
040-0001-4 WYO. CODE R. § 9(a)

* “Live sets” are traps or snares intended to capture the animal alive.

17

Table 2: General Trap Check Intervals by State for Kill Sets**
ALABAMA
ALASKA
ARIZONA
ARKANSAS
CALIFORNIA
COLORADO
CONNECTICUT
DELAWARE
FLORIDA
GEORGIA
HAWAII
IDAHO
ILLINOIS
INDIANA
IOWA
KANSAS
KENTUCKY
LOUISIANA
MAINE
MARYLAND
MASSACHUSETTS
MICHIGAN

INTERVAL:
24 hours1
None
Daily
72 hours
Daily
Daily2
24 hours
24 hours3
24 hours12
24 hours
No furbearer trapping
72 hours4
Daily
24 hours
24 hours13
Daily
24 hours
Daily
Daily14
Daily5
Daily
None

MINNESOTA
MISSISSIPPI
MISSOURI
MONTANA
NEBRASKA
NEVADA
NEW HAMPSHIRE
NEW JERSEY
NEW MEXICO
NEW YORK
NORTH CAROLINA
NORTH DAKOTA
OHIO
OKLAHOMA
OREGON
PENNSYLVANIA
RHODE ISLAND

Every three days
36 hours
48 hours
None
Every two days
96 hours7
Daily15
24 hours
Daily
24 hours8
Daily16
None
Daily
24 hours
48 hours9
36 hours
24 hours

BY STATUTE/REGULATION:
ALA. CODE § 9-11-266
N/A
ARIZ. ADMIN. CODE § 12-4-307(G)(1)
002-00-001 ARK. CODE R. §17.02
CAL. CODE REGS. tit. 14, § 465.5(g)(2)
COLO. CODE REGS. § 406-3 #302(B)(2)
CONN. GEN. STAT. § 26-72
DEL. CODE tit. 7, § 705
FLA. ADMIN. CODE r. 68A-24.002(1)
GA. CODE § 27-3-63(a)(3)
HAW. ADMIN. CODE § 13-123-22
IDAHO ADMIN. CODE § 13.01.16.200.01
520 ILL. COMP. STAT. 5/2.33a
IND. CODE § 14-22-6-4
IOWA CODE § 481A.92
KAN. ADMIN. REGS. § 115-6-5(c)(13)
KY. REV. STAT. § 150.410(2)
LA. REV. STAT. § 56:260
ME. REV. STAT. tit. 12, § 12255(1)
MD. CODE REGS. 08.03.06.03(E)
321 MASS. CODE REGS. 3.02(e)(11)
Mich. Wildlife Conservation Order §
3.600(12)(a)
MINN. R. 6234.2200
MISS. CODE ANN. § 49-7-13(4)(d)
MO. CODE REGS. tit. 3, § 10-8.510(2)
N/A
163 NEB. ADMIN. CODE § 4-001.03A1
NEV. ADMIN. CODE § 503.152
N.H. REV. STAT. § 210:13
N.J. ADMIN. CODE § 7:25-5.12(i)
N.M. CODE R. § 19.32.2.11(A)
N.Y. COMP. CODES R. & REGS. tit. 6, § 6.3(a)(3)
15A N.C. ADMIN. CODE 10B.0110
N/A
OHIO ADMIN. CODE 1501:31-15-09(G)
OKLA. STAT. tit. 29, §5-502(C)
OR. REV. STAT. § 498.172
34 PA. CONS. STAT. § 2361(a)(10)
20 R.I. GEN. LAWS § 20-16-9
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SOUTH CAROLINA
SOUTH DAKOTA
TENNESSEE

Daily17
72 hours10
72 hours

TEXAS
UTAH
VERMONT
VIRGINIA
WASHINGTON
WEST VIRGINIA
WISCONSIN
WYOMING

36 hours
96 hours18
Daily13
Daily19
72 hours
Daily
Daily
Weekly11

S.C. CODE § 50-11-2440
S.D. ADMIN. R. 41:08:02:03
Tenn. Fish and Wildlife Comm. Proclamation 1805, § III (9)
31 TEX. ADMIN. CODE § 65.375(c)(2)(E)
UTAH ADMIN. CODE R. 657-11-9(12)(a)–(c)
Vt. Admin. Code 16-4-137:4.1
4 VA. ADMIN. CODE § 15-40-195
WASH. ADMIN. CODE § 220-417-030(4)(c)
W. VA. CODE R. § 58-53-3.3
WIS. ADMIN. CODE NR § 10.13(3)(a)
040-0001-4 WYO. CODE R. § 9(a)

** “Kill sets” are traps or snares intended to kill the animal instantly or by asphyxiation or drowning.
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Table 3: Survey of Trap Check Requirements in the United States

The number of states which have adopted:
24-hour or daily check requirements for at least some traps
48-hour (or more frequent) check requirements for at least some traps
72-hour (or more frequent) check requirements for at least some traps
24-hour or daily check requirements for all traps
48-hour (or more frequent) check requirements for all traps
72-hour (or more frequent) check requirements for all traps
check requirements for all traps
no general check requirements

1

36
44
47
16
25
30
33
3

72 hours for water sets.
Most sets are constitutionally prohibited in Colorado. See COLO. CONST. art. XVIII, § 12b. An exemption from the
constitutional prohibition and the normal trap check requirements is granted to persons on their own land primarily
used for commercial agriculture, to protect that agriculture. See id.; COLO. REV. STAT. § 33-6-207.
3
Muskrat traps exempted.
4
“Unprotected rodents” exempted; in effect, all rodents except for beavers. Compare IDAHO ADMIN. CODE §
13.01.16.010.01 with id. § 13.01.16.010.03 (definitions of “furbearing animals” and “unprotected wildlife”).
5
Every two days for water sets.
6
Except: 1) in Michigan’s Upper Peninsula (“Zone 1”), where the interval is 48 hours; and 2) for licensed trappers
using multi-animal cage sets, for whom there is no requirement. See Mich. Wildlife Conservation Order § 1.2(21) –
(23) for the definitions of Zones 1, 2, and 3.
7
Generally, some units require an interval of every other day for some sets.
8
48 hours for some wildlife management units (“WMU”), 48 hours for some sets in other WMUs.
9
Predator trapping exempted, though must still be checked “on a regular basis.”
10
96 hours if west of the Missouri River.
11
Snares and quick-kill body traps exempted. These must be checked once each calendar week except for the first
week in which the trap was set.
12
Only snares allowed.
13
Drowning sets exempted.
14
Drowning sets every three days, or every five days in unincorporated/unorganized areas; sets under ice set for
beaver or muskrat exempted.
15
Except sets for beaver under ice, then every three days.
16
Except for drowning set Conibears, then 72 hours.
17
48 hours for drowning sets.
18
Except for lethal snares without a relaxing lock or stop set to an immovable object, which have a 96 hour
requirement.
19
Drowning set Conibears exempted.
2
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Re: Proposed 2018-2019 Furbearer and Trapping Regulations, Seasons and Quotas
[COPY of LETTER without Footnotes or Signatures]
Dear Montana Fish, Wildlife & Parks:
The undersigned organizations and individuals submit these comments in support of a 24-hour or
daily trap inspection requirement for all restraining traps (including foothold traps and foot snares)
and kill traps (including Conibear traps and neck snares) set for all species in the state of Montana.
Such a requirement is needed for several reasons.
First, Montana is one of only three states in the country with no general trap check requirement.
The other two are North Dakota and Alaska. Every other state that allows recreational trapping,
as well as all three Canadian provinces that border Montana, require that traps and snares be
regularly inspected.
Second, daily trap check requirements are common. Thirty-six states have adopted 24-hour or
daily trap inspection requirements for at least some types of traps or trapping situations. These
include western states like Washington, California, Arizona, New Mexico, and Colorado.
Third, numerous scientific studies indicate that 24-hour or daily trap inspections would help
reduce the severity of injuries inflicted on captured animals. Long restraint time is associated with
increased exertion, struggling, injury, dehydration, starvation, effects of exposure (such as
hypothermia and (for nocturnal animals) sunlight), and capture myopathy (physiological
imbalances following extreme struggle and stress).
Fourth, requiring that traps be checked each day would also reduce injury to, and unintentional
mortality of, “non-target” species. Between 2010 and 2014, for example, traps and snares in
Montana unintentionally captured, injured, or killed at least 89 mountain lions, 12 black bears,
three grizzly bears, four wolves, 21 bobcats, 31 river otters, four wolverines, three lynx, three
fishers, nine deer, one elk, one pronghorn antelope, 5 raptors, and ten badgers, among other
species. These are just the reported incidents. Requiring traps to be checked frequently would
increase the chances that these species would be released alive and less seriously injured.
Fifth, wildlife professionals support daily trap inspections. The Association of Fish and Wildlife
Agencies (AFWA) Trapper Education Manual urges trappers to “make a commitment to check
your traps at least once every day” in order to reduce suffering, more quickly release non-target
animals, and actually improve success (by, for example, reducing the chance of predation on an
animal caught in a trap). Likewise, in its online trapping course, AFWA treats daily trap checks
as a cornerstone of ethical trapping practice, and consistently instructs trappers to perform them.
In addition, AFWA used daily trap checks to develop its Best Management Practices (“BMPs”)
for trapping in the U.S. Montana Fish, Wildlife & Parks (“FWP”) promotes these BMPs on its
website. The National Trappers Association recognizes the significance of AFWA as one of the

1

“largest international organizations representing professional wildlife conservation employees
and governmental wildlife agencies.”
Further, in its guidelines for the use of wild animals in research, the American Society of
Mammologists states that most traps should be checked at least once a day, and restraining traps
like snares and foothold traps must be checked “twice daily or more often depending upon target
species and potential for capture of non-target species.” The American Veterinary Medical
Association opposes the use of conventional foothold traps and states that traps should be checked
“at least once every 24 hours.”
Finally, in 2017, FWP itself recommended a mandatory trap-check interval:
FWP should have a maximum time allowed legally between trap checks as a
means of dealing with the occasional instance of negligence. Such a regulation
would allow enforcement to pursue clear cases of negligence and would likely
encourage reduced trap check intervals for some who currently check at “too long
of an interval.”
In sum, in order to minimize stress, struggling, exertion, injury, and unnecessary mortality to
target and non-target species, and in order to improve enforcement and discourage negligent trap
check intervals, we respectfully request that FWP adopt a regulation requiring that all
restraining and kill traps and snares set for all species in Montana be visually inspected at least
once each day or every 24 hours.
Thank you for considering this request. Sincerely,

2
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Abstract
Millions of wild mammals are trapped annually for fur, pest control and wildlife management. Ensuring the welfare of trapped individuals can only be achieved by trapping methods that meet accepted standards of animal welfare. At the international level, the
assessment of mechanical properties of killing and restraining traps is set out in two documents published by the International
Organization for Standardization (ISO). Few traps currently in use have been tested according to the ISO standards and, in addition,
new traps have been designed and old traps modified since the publication of the standards. In this paper we review trapping methods
used in Europe and North America to see whether they meet the ISO standards and examine ways to improve the welfare performance of traps. In addition, international legislation is assessed to determine whether this ensures a sufficient level of welfare for
trapped animals. Finally, trapping practices used in academic research are reviewed. We conclude that many of the practices
commonly used to trap mammals cannot be considered humane. Current legislation fails to ensure an acceptable level of welfare for
a large number of captured animals. New welfare standards for trapping wild mammals need to be established so that in future a
minimum level of welfare is guaranteed for all trapped individuals.

Keywords: animal welfare, international legislation, ISO standards, mammals, trapping standards, trap types
Introduction
Historically, mammals were trapped mainly for fur and
meat, but in recent times trapping has also been used as a
management tool to resolve human-wildlife conflicts, for
wildlife research and for conservation purposes. Worldwide,
tens of millions of mammals each year are trapped legally.
In the USA alone, up to two million muskrats (Ondatra
zibethicus) are trapped every year (Fox 2004a).
Additionally, an unknown number of animals are trapped
illegally and, moreover, for every target animal captured, a
varying number of non-target animals are injured or killed.
There are two basic types of traps: killing traps are used on
land or underwater and render an animal unconscious
within a certain time prior to death, whereas restraining
traps hold the individual until contact is made by the
trapper. The level of welfare of trapped animals (hereafter
welfare performance) varies according to the type of trap.
For instance, leg-hold traps are banned in 80 countries (Fox
2004a), including the European Union (The Council of
European Communities 1991), because of their impacts on
animal welfare.
Opposition of animal welfare groups in Europe and North
America to trapping for fur culminated in the first effort by
the International Organization for Standardization (ISO) to
define humane international standards for killing and
restraining traps (Harrop 2000; Princen 2004). However, no
consensus could be reached on key thresholds for animal
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welfare standards, eg time to unconsciousness for animals
trapped in killing traps, or levels of injuries for animals
captured in restraining traps. Despite this, two documents
were produced by the ISO to provide an agreed process for
testing trap performance (safety and capture efficiency) and
killing effectiveness for killing traps (ISO 10990-4 1999),
and trap performance and trauma levels for physical injuries
caused by restraining traps (ISO 10990-5 1999). Although
the ISO standards do not offer any definition of acceptable
standards of animal welfare, they are an initial step towards
ensuring and improving welfare of wild mammals (Harrop
2000). The results collated from the tests as set by the ISO
can, in fact, be interpreted in terms of the impact on animal
welfare and the level of impact on animal welfare can, in
turn, be used to make a decision on whether a trap falls
below or above a threshold of acceptable standards of
animal welfare. When the killing trap standards were
published, the technical committee drafting the standards
recommended a review of killing methods after five years
so that all technical advancements could be incorporated.
Similarly, for restraining traps it was recognised that
physical injury represents only one component of welfare,
and that the lack of data on other components such as
behaviour, physiology, immunology and molecular biology
prevented their use in welfare assessments. The technical
committee advocated, therefore, that in future all these
components of animal welfare should be integrated to
provide a more comprehensive measure of welfare. Thus,
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the aim of this paper is two-fold. First, we review trapping
methods of wild mammals in Europe and North America,
assessing accepted standards of welfare and welfare
performance of traps and taking into account the evaluation
of trap devices as set by the ISO standards. Throughout this
paper we review the extent to which the ISO standards
provide a process for evaluating accepted standards of
animal welfare at present, rather than when they were
initially developed. We suggest ways to improve the welfare
performance of traps that are currently used and examine
the existing legislation on trapping and welfare of captured
animals. Mason and Littin (2003) have already investigated
the humaneness of control methods applied to rodents, so
this review does not include rodent species. Whilst trappers
and wildlife officers have discussed at length the implication of these regulations on the way trapping is carried out
(eg Schmidt & Bruner 1981; Bluett 2001; British
Association for Shooting & Conservation 2002), as yet
there has been very little debate as to how standards for the
welfare of trapped animals compare with other animal
welfare standards. Thus we also compare welfare standards
for trapped wild animals with other welfare standards such
as those set for the slaughter of farm animals, shooting and
bowhunting. Secondly, we analyse standards for trapping
animals used in scientific research, as defined by guidelines
published by leading scientific journals in the fields of
zoology, behaviour and animal welfare.

Killing traps
Types of killing traps
There are five main categories of killing traps in use:
deadfall traps, spring traps, snares, drowning traps and
pitfall traps (Federation of Field Sports Associations of the
European Union [FACE] 1998; Proulx 1999a; Powell &
Proulx 2003). Deadfall traps use gravity to kill an animal by
crushing its skull, vertebral column or other vital organs.
There are two types of spring traps; one has spring-powered
bars that kill an animal by crushing a vital region of the
body, generally the neck; the other has rotating jaws which
have two hinged metal frames that allow a torsion spring to
rotate the frames in a scissor-like action (Garrett 1999;
Powell & Proulx 2003). There are two kinds of killing
snares: in self-locking snares an animal pulls against the
snare, tightening it until asphyxiation occurs, as apposed to
stopped and free-running snares which restrain the animal
(see the section on restraining traps). Power snares similarly
kill by asphyxiation, but use powerful springs to tighten the
noose quickly. Drowning traps restrain an animal underwater, and kill by hypoxia-induced death. Finally, less
commonly used traps include pitfall traps with water at the
bottom, to drown small rodents (Proulx 1999a).

Assessing welfare performance of killing traps
Killing traps are widely used to catch a range of species,
ranging in size from rodents to lynx. Here we analyse
methods commonly utilised to kill furbearers and mammals
other than rodents. The ability to kill an individual effectively depends on species, size, trap type and also, to great
© 2007 Universities Federation for Animal Welfare

extent, trapper skill. In order to evaluate welfare performance of killing traps, we used four welfare measures: time to
unconsciousness, the likelihood of escape of injured
animals, the percentage of mis-strikes and selectivity. In the
next section we focus on only the first three and analyse
selectivity later. In laboratory conditions, killing methods
approved as humane are those that minimise the time
between the application of the killing procedure and the
onset of unconsciousness (eg Beaver et al 2001). In field
conditions however, the fast-acting killing methods used in
laboratory settings (eg stunning, cervical dislocation,
carbon dioxide) are not always feasible and the period of
consciousness and thus, the potential for poor welfare, can
last longer.

The welfare performance of killing traps in current use
Table 1 lists trap models which have been tested against
accepted standards of animal welfare. Effectively, there is no
research on trap welfare performance for most of the
European species apart from the stoat (Mustela erminea) and
muskrat. M. erminea is known as stoat in Eurasia and as
short-tailed weasel in North America. Despite being the same
species, the two populations differ in bodyweight and traps
suitable for short-tailed weasels are unsuitable for stoats
(Warburton et al 2002). As shown in Table 1, most of the tests
were undertaken on North American species and the criteria
for acceptability of a trap require 70% of animals tested to be
unconscious within 60 seconds (stoat), 120 seconds
(American pine marten [Martes americana], Canadian lynx
[Lynx canadensis] and fisher [Martes pennanti]) and
180 seconds (all others) (Powell & Proulx 2003).
Two further parameters that are likely to have a significant
impact on trap welfare performance, are the likelihood of
escape of injured animals and the percentage of mis-strikes.
However, data on these two parameters are scarce. Amongst
the traps passing the welfare performance tests in Table 1,
mis-strike varied between 0-10%. Data available for other
species suggest that both parameters vary greatly according
to trap type, species and, probably, trap setting. In neck
snares set for coyote (Canis latrans) mis-strikes varied from
8 to 14%; of these the percentage of animals still alive in the
traps varied from 17 to 86% and escapes varied from 3 to
13% (Phillips 1996). In spring traps set for red foxes
(Vulpes vulpes) and stone martens (Martes foina) misstrikes equalled 15 and 13% respectively (Pohlmeyer et al
1995). Few studies report the number of animals escaping
from killing traps; about 50% of American martens escaped
from snares set for snowshoe hares (Proulx et al 1994a),
whilst in possums (Trichosurus vulpecula) escapes varied
from 0 to 6% depending on the type of spring trap (Miller
1993; Warburton & Orchard 1996). The welfare of escaped
(injured) animals is of concern; moreover, if an escaped
animal is likely to become trap-shy, this is undesirable from
a trapper’s perspective.
To improve welfare performance of killing traps, the time
lapse between the killing device being triggered and the
onset of unconsciousness of the caught animal should be
minimised. The vast majority of traps currently in use were
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Table 1 Accepted standards of animal welfare for killing traps.
Species

Trap model

Mis-strike

Canis latrans

King necksnare1
Mosher necksnare1

-

Time limits to unconsciousness
Reference
Current technology n Criterion Pass Fail
Garrett 1999; Proulx
> 180 s
- 180 s
×
1999a
> 180 s
- 180 s
×

Canis lupus*

-

-

-

-

180 s

-

Castor canadensis*

Conibear 330™
Modified Conibear 330™ -

> 180 s
< 180 s

6
6

180 s
180 s

×

Lontra canadensis
Lynx rufus

-

-

-

-

180 s
180 s

-

Lynx canadensis

Conibear 330™
Modified Conibear 330™
Conibear 120™
Conibear 120 Magnum™
Conibear 160™
Sauvageau 2001-5™
Bionic2
Conibear 220™
Modified Conibear 220™

1
1
3
2
3
0
0

> 180 s
67.2 ± 4.0 s
> 180 s
68 ± 8.2 s
> 180 s
> 180 s
< 55 s
> 180 s
> 180 s

9
9
6
14
16
14
9
4
4

180
180
120
120
120
120
180
180
180

s
s
s
s
s
s
s
s
s

0
3
0
5
0

31.5 ± 16.3 s
184.0 ± 31.7 s3
> 180 s
> 180 s
> 180 s
> 180 s

12
12
5
6
5
3

180
180
180
180
180
180

s
s
s
s
s
s

×

Procyon lotor*

Leprich spring trap
Conibear 110™
Conibear 160™
Conibear 280™
Conibear 330™
Sauvageau 2001-8™

Taxidea taxus
Castor fiber
Lutra lutra
Lynx lynx
Martes martes

-

-

-

-

180
180
180
180
120

s
s
s
s
s

-

-

Martes zibellina
Meles meles
Mustela erminea4*

Fenn Mk IV
Fenn Mk VI
Victor Snapback5
Waddington backcracker

1
4

> 180 s
> 180 s
37.3 ± 5.0 s
113 s

7
8

120 s
180 s
60 s
60 s
60 s
60 s

-

×
×
×
×

-

-

-

180 s

-

Martes americana

Martes pennanti

Ondatra zibethicus*

Nyctereutes procyonoides -

×

Novak 1981a

×

Proulx et al 1995

×
×

Barrett et al 1989;
Proulx et al 1989a,b

×

×
×
×
×
×

Proulx & Barrett
1993a,b; Proulx
1999b

Inglis et al 2001
×
×
×
×
×

Novak 1981a; Proulx
& Drescher 1994;
Sabean & Mills 1994

Warburton et al
2002; Poutu &
Warburton 2003;
Warburton &
O’Connor 2004

-

Mis-strike refers to the number of animals struck in a non-target body part; time limits to unconsciousness refer to loss of corneal and
palpebral reflexes; n is the number of animals tested.
Most of the tests were conducted in North America under the criteria that ≥ 70% of animals should be unconscious in ≤ 60, 120 or
180 seconds (eg Proulx 1999a; review in Powell & Proulx 2003). This is therefore used to assess passes and failures. The line divides
North American from European species.
* Species found in both continents; 1 the trap failed because of high number of mis-strikes; 2 not tested in the field: in a different
experiment 2/10 animals escaped and 1/10 mis-strike; 3 time to loss of heartbeat; 4 see main text for stoat; 5 the trap failed because
of high number of escapes.

developed by trappers and so trap performance reflects the
need to obtain undamaged pelts, with welfare of trapped
animals being a secondary issue or one that was not even
considered (Garrett 1999; Fox & Papouchis 2004a).
However, recent research in New Zealand and Australia (eg
see Littin et al 2004) has started incorporating animal
welfare into trap development and, in our opinion, this
should become common practice.
To assess the welfare performance of killing traps it has
been suggested that trap performance should be evaluated

following the ISO guidelines. Killing traps are tested in a
laboratory environment on anaesthetised animals as well as
in a compound designed to simulate field settings. However,
time to loss of consciousness of anaesthetised animals is
shorter than for unanaesthetised animals (Hiltz & Roy
2001). In artificial compounds animals are usually enticed
to the trap through a channel to ensure strike precision (eg
Inglis et al 2001). However, in the field, animals behave in
unpredictable ways and all too often traps that deliver quick
and effective kills in artificial compounds fail in the field
Animal Welfare 2007, 16: 335-352
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Table 2 Trauma scales developed by various authors; numbers represent scores given to each injury.
van Ballenberghe Tullar
(1984)
(1984)
Class 1
5

Olsen et al Onderka et al
(1988)
(1990)
1-5

Hubert et al
(1996)
1-5

Phillips (1996)

-

-

-

5

-

Cutaneous laceration ≤ 2 cm Class 2 (< 2.5 cm) 5
long
Cutaneous laceration > 2 cm Class 3 (> 2.5 cm) 10
long
Permanent tooth fracture
exposing pulp cavity

5

5

5

3

10

10

10

10

-

-

10

-

Subcutaneous muscle laceration or maceration

Class 3

-

-

10-20

10-20

10-30

Tendon or ligament maceration with partial severance

Class 3

20

20

20-40

20-40

25

Damage to periosteum

-

Oedematous swelling and/or
haemorrhage
Avulsed nail

-

5-15

-

-

-

30

10-30

Partial fracture of metacarpi or Class 4
metatarsi
Fracture of digits
Class 4

-

-

30

30

-

-

-

30-40

30-50

-

Joint subluxation

Class 4

30

30

-

100

-

Joint luxation

-

50

50

50

50

30-100

Luxation at elbow or hock

-

-

-

200-300

200

-

Compression fracture above
or below carpus or tarsus
Simple fracture below carpus
or tarsus
Simple fracture above carpus
or tarsus
Damage or severance of tensons below carpus or tarsus
Major laceration on footpads

-

-

30

-

-

100

Class 3

50

100

100

100

100

Class 4

50

50

50

50

50

Class 4

-

-

50

20-50

-

-

-

-

-

-

30

Amputation of digit(s)

-

150

50-200

30-40

30-50

25-100

Compound fracture below
carpus or tarsus
Compound fracture above
carpus or tarsus
Amputation of limb

-

100

-

75

75

100

-

200

200

200

200

100

-

400

400

400

400

100

(eg Proulx et al 1989a, 1995; Proulx & Barrett 1990). These
difficulties bring into question the usefulness of ISO
standards for testing killing trap performance.
Drowning traps
Submersion or drowning traps are mainly used to kill semiaquatic species, mostly muskrat and American mink
(Mustela vison) in Europe and North American beaver
(Castor canadensis) and river otter (Lontra canadensis),
amongst others, in North America. Some of these species
show physiological adaptations to aquatic life such as
slower heart rates (bradycardia), and therefore can dive for
prolonged periods. For instance, the Eurasian otter (Lutra
lutra) dives for up to 22 minutes (Conroy & Jenkins 1986),
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the muskrat for 12-17 minutes (Inglis et al 2001) and the
North American beaver for 15 minutes (Irving & Orr 1935).
Death by drowning-induced hypoxia is a slow process for
these species and even after struggling, which consumes
oxygen more quickly, electroencephalogram loss occurs after
an average of 4 minutes for the muskrat, and 9 minutes for the
beaver (Gilbert & Gofton 1982). The animals show an
indicator of distress because they struggle to get to the surface
(Gilbert & Gofton 1982). Moreover, death by drowninginduced hypoxia is not considered an acceptable method of
euthanasia by veterinary and laboratory researchers (Close
et al 1996; Beaver et al 2001) and does not meet the presently
accepted standards for killing traps (Ludders et al 1999).
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Table 3 Trauma scale developed by ISO Technical Committee 191.
Pathological observation
Mild trauma
1) Claw loss
2) Oedematous swelling or haemorrhage
3) Minor cutaneous laceration
4) Minor subcutaneous soft tissue maceration or erosion
5) Major cutaneous laceration, except on footpads or tongue
6) Minor periosteal abrasion
Moderate trauma
7) Severance of minor tendon or ligament
8) Amputation of 1 digit
9) Permanent tooth fracture exposing pulp cavity
10) Major subcutaneous soft tissue laceration or erosion
11) Major laceration on footpads or tongues
12) Severe joint haemorrhage
13) Joint luxation at or below the carpus or tarsus
14) Major periosteal abrasion
15) Simple rib fracture
16) Eye lacerations
17) Minor skeletal degeneration
Moderately severe trauma
18) Simple fracture at or below the carpus or tarsus
19) Compression fracture
20) Comminuted rib fracture
21) Amputation of two digits
22) Major skeletal degeneration
23) Limb ischaemia
Severe trauma
24) Amputation of three or more digits
25) Any fracture or joint luxation on limb above the carpus or tarsus
26) Any amputation above the digits
27) Spinal cord injury
28) Severe internal organ damage (internal bleeding)
29) Compound or comminuted fracture at or below the carpus or tarsus
30) Severance of a major tendon or ligament
31) Compound or rib fractures
32) Ocular injury resulting in blindness of an eye
33) Myocardial degeneration
34) Death

Score
2 points
5 points
5 points1
10 points
10 points
10 points
25
25
30
30
30
30
30
30
30
30
30

points
points
points
points
points
points
points
points
points
points
points

50
50
50
50
50
50

points
points
points
points
points
points

100
100
100
100
100
100
100
100
100
100
100

points
points
points
points
points
points
points
points
points
points
points

The terms and definitions are taken from ISO 10990-5: 1999 Animal (mammal traps) – Part 5: Methods for testing restraining traps,
Annex C, C.1 Trauma scale (www.iso.org), and are reproduced with the permission of the International Organization for Standardization,
ISO. Copyright ISO.
1
maximum 15.

Restraining traps
Types of restraining traps
Five kinds of restraining traps are widely used: stopped
neck snares, leg-hold snares, leg-hold traps, box or cage
traps and pitfall traps (FACE 1998; Proulx 1999a; Powell &
Proulx 2003). Neck snares are made of a wire loop set vertically, so the head of the animal enters the wire loop, which

then tightens around the neck of the animal. In snares set for
restraint, a stop prevents the noose closing below a certain
diameter, thereby preventing asphyxiation. Within Europe,
neck snares must be stopped or free-running to prevent
strangulation (FACE 1998). Leg-hold snares are used extensively to capture animals in scientific studies. Leg-hold
snares are also made of a wire loop, but placed horizontally
and designed to close upon the animal’s leg(s) to restrain it
Animal Welfare 2007, 16: 335-352
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Table 4 The percentage categories of injuries caused by neck snares, leg-hold snares and box traps.
Species

Sample size Trap type

No injuries Minor injuries Major injuries Mortality Reference

Bassiriscus astutus 8
Canis latrans
22

Box trap
Box trap

75%
83%

25%
17%

-

0%
0%

IAFWA 2003
Way et al 2002

Didelphis
virginiana
Gulo gulo
Lynx canadensis
Lynx canadensis
Meles meles
Panthera pardus
Procyon lotor
Urocyon
cinereoargenteus
Ursus americanus

-

Box trap

61%

39%

-

-

IAFWA 2000

12
89
19
5964
18
16

Box
Box
Box
Box
Box
Box
Box

100%
100%
68%
88%
52%
13%

32%
10%
39%
43%
87%

2%
5%
-

0%
0%
0%
0%
0%

Copeland et al 1995
Kolbe et al 2003
Mowat et al 1994
Woodroffe et al 2005*
Frank et al 2003
IAFWA 2000
IAFWA 2003

25

Box trap

92%

8%

-

0%

Reagan et al 2002

Vulpes velox

125

Box trap

88%

12%

-

0%

Moehrenschlager et al
2003

Canis latrans
Canis latrans

20
-

Leg-hold snare 5%
Leg-hold snare -

83%

9%

-

Onderka et al 1990
IAFWA 2003

Canis latrans
Canis latrans

23
38

Leg-hold snare Leg-hold snare 6%

60%
25%

40%
69%

0%
0%

Shivik et al 2000*
Shivik et al 2000*

Canis familiaris,
Vulpes vulpes
Lynx canadensis
Lynx canadensis

117

Leg-hold snare 55%

41%

4%

3%

Fleming et al 1998

201

Leg-hold snare Leg-hold snare 48%

80%
46%

6%

> 1%

IAFWA 2003
Mowat et al 1994

Lynx rufus

-

Leg-hold snare -

100%

-

-

IAFWA 2003

Panthera leo

27

Leg-hold snare -

100%

-

0%

Frank et al 2003

Panthera tigris

19

Leg-hold snare -

91%

9%

0%

Goodrich et al 2001

Procyon lotor

49

Leg-hold snare 82%

16%

2%

-

Novak 1981b

Puma concolor

trap
trap
trap
trap
trap
trap
trap

209

Leg-hold snare 15%

83%

2%

1%

Logan et al 1999

Ursus americanus 340
Ursus americanus 37

Leg-hold snare Leg-hold snare 70%

97%
30%

3%
-

0%

Powell 2005
Reagan et al 2002

Vulpes vulpes
Vulpes vulpes
Vulpes vulpes
Canis latrans
Canis latrans

Leg-hold snare
Leg-hold snare
Leg-hold snare
Neck snare
Neck snare

80%
69%
-

76%
14%
31%
-

5%
6%
2%
-

0%
2%
16%

IAFWA 2003
Englund 1982
Novak 1981b
Pruss et al 2002
Nellis 1968

Neck snare
Neck snare

17%
-

53%
-

30%
-

4%
5%

Shivik et al 2000*
McKinstry & Anderson
1998

117
81
51
-

Canis latrans
24
Castor canadensis 132

Major injuries include mortality; where given by the authors mortality is presented separately.
* Studies that used the trauma scale published by ISO (Table 4).

(Powell & Proulx 2003). In both cases, snares are usually
anchored.
Leg-hold traps may be padded or unpadded. Leg-hold traps
have two jaws that open to 180° when set, and clamp
together to hold an animal’s foot or leg when triggered. The
trap is attached to the ground or an anchor by a chain or
cable. The anchor restrains the animal by snagging on
surrounding vegetation.
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Box traps are constructed from a wide variety of materials
including plastics, wire mesh and wood (Meyer 1991;
Proulx 1999a) and all work on the same principle. An
animal enters the trap through an opening attracted by bait,
and triggers a device (eg treadle) that causes the door to
close and lock. Box traps vary in size, and their design
depends primarily on the target species (Powell &
Proulx 2003).
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Table 5 The pattern of injuries caused by leg-hold traps.
Species

Sample size Trap type

No injuries Minor injuries Major injuries Mortality Study

Procyon lotor

62

EGG trap

8%

56%

36%

-

Hubert et al 1996

Lontra canadensis 155

leg-hold

-

44%

56%

-

Tocidlowski et al
2000

Canis lupus

116

offset jaws leg-hold -

65%

35%

-

Kuehn et al 1986

Canis lupus

129

offset jaws leg-hold -

72%

28%

-

Kuehn et al 1986

Canis lupus

40

offset jaws leg-hold -

100%

-

-

Kuehn et al 1986

Canis latrans

31

padded leg-hold

-

84%

16%

-

Olsen et al 1988

Canis lupus

48

padded leg-hold

-

-

48%

-

Canis familiaris

313

padded leg-hold

-

89%

11%

-

van Ballenberghe
1984
Fleming et al 1998

Canis familiaris

280

padded leg-hold

-

82%

18%

-

Fleming et al 1998

Lontra canadensis 87

padded leg-hold

16%

58%

26%

-

Serfass et al 1996

Lutra lutra

43

padded leg-hold

-

86%

14%

9%

Lynx canadensis

39

padded leg-hold

63%

8%

29%

-

Fernández-Morán
et al 2002
Kolbe et al 2003

Lynx canadensis

23

padded leg-hold

34%

26%

40%

-

Mowat et al 1994

Lynx rufus

31

padded leg-hold

-

77%

23%

-

Olsen et al 1988

Procyon lotor

100

padded leg-hold

-

52%

48%

-

Olsen et al 1988

Urocyon
cinereoargenteus
Vulpes vulpes

27

padded leg-hold

-

67%

33%

-

Olsen et al 1988

30

padded leg-hold

-

93%

7%

-

Olsen et al 1988

Vulpes vulpes

19

padded leg-hold

-

79%

21%

-

Meek et al 1995

Vulpes vulpes

28

padded leg-hold

36%

21%

43%

-

Englund 1982

Vulpes vulpes

91

padded leg-hold

53%

43%

4%

-

Travaini et al 1996

Alopex lagopus

155

unpadded leg-hold 41%

64%

23%

10%

Proulx et al 1994b

Canis latrans

36

unpadded leg-hold -

47%

53%

-

Olsen et al 1988

Canis lupus

269

unpadded leg-hold -

65%

35%

-

Kuehn et al 1986

Canis familiaris

73

unpadded leg-hold -

69%

32%

5.5%

Fleming et al 1998

Canis familiaris

20

unpadded leg-hold -

90%

10%

-

Fleming et al 1998

Lynx canadensis

12

unpadded leg-hold 23%

42%

25%

-

Kolbe et al 2003

Lynx rufus

47

unpadded leg-hold -

79%

21%

-

Olsen et al 1988

Didelphis virginiana 15

unpadded leg-hold 67%

13%

20%

-

Berchielli & Tullar
1980

Mephitis mephitis

30

unpadded leg-hold 40%

10%

50%

-

Novak 1981b

Procyon lotor

17

unpadded leg-hold 41%

24%

6%

-

Procyon lotor

22

unpadded leg-hold 50%

27%

23%

-

Berchielli & Tullar
1980
Novak 1981b

Procyon lotor

40

unpadded leg-hold 2%

24%

74%

-

Hubert et al 1996

Procyon lotor

133

unpadded leg-hold -

30%

70%

-

Olsen et al 1988

Urocyon
cinereoargenteus
Urocyon
cinereoargenteus
Vulpes vulpes

13

unpadded leg-hold 46%

54%

-

-

38

unpadded leg-hold -

39%

61%

-

Berchielli & Tullar
1980
Olsen et al 1988

22

unpadded leg-hold 23%

45%

32%

-

Novak1981b

Vulpes vulpes

15

unpadded leg-hold 20%

67%

13%

-

Vulpes vulpes

48

unpadded leg-hold -

63%

37%

-

Berchielli & Tullar
1980
Olsen et al 1988

Vulpes vulpes

115

unpadded leg-hold 61%

9%

30%

-

Englund 1982

Many studies do not combine whole body scores, but assess limb and oral injuries separately (eg Kuehn et al 1986); only limb scores are
given in this table. When scoring, most researchers do not specify the number of animals with no injuries, which are usually pooled with
animals with no or slight injuries.
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Table 6 Selectivity (number of non-target animals relative to total captures), mortality and injury caused to non-target
species in various types of traps.
Trap type
Killing traps

Target species

Non-target species

Selectivity Mortality Injury Reference

Drowning trap

Ondatra zibethicus Anas platyrhynchos,
Rattus spp, Mustela erminea

1.44-7.40%1 -

-

Crasson 1996

Spring trap in
tunnels

Mustela erminea, Alectoris rufus, Erinaceus
M. nivalis, M. vison europaeus, Oryctolagus
cuniculus, Mustela putorius

5%

100%2

-

Short & Reynolds
2001

Tunnel traps/snare

-

Mustela putorius

-

61%

39%

Birks & Kitchener
1999

Spring trap

Trichosurus spp

Erinaceus europaeus,
Mustela putorius, Rattus spp

23%

50%

50%

Warburton &
Orchard 1996

Leg-hold snare/coil spring
trap

Oryctolagus
cuniculus, Vulpes
vulpes

Lynx pardinus

-

64%

22.5% García-Perea 2000

Neck snare

Canis latrans

Odocoileus hemionus,
O. virginianus, Bos taurus

21%

33-63%

-

Phillips 1996

Neck snare

Lepus americanus

Martes americana

50%

0%

0%

Proulx et al 1994a

Rotating jaw-trap

Martes americana

Perisoreus canadensis,
Glaucomys sabrinus

43%

100%

-

Naylor & Novak 1994

Rotating jaw trap

Martes americana

Corvus brachyrhynchos,
Rattus spp, Felis catus

30%

-

-

Proulx & Barrett
1993a

Restraining traps
Box trap

Felis silvestris, Lynx Meles meles, Ursus arctos
lynx

64%

0%

0%

Potočnik et al 2002

Box trap

Canis familiaris

Corvus brachyrhynchos, Felis
catus, Procyon lotor, Mephitis
mephitis

93%

-

-

Way et al 2002

Box trap

Martes pennanti

Martes americana, Gulo gulo,
Vulpes vulpes

94%

1%

-

Weir 1997

Leg-hold snare

Panthera leo

Hyaena hyaena,
Crocuta crocuta, Acinonyx
jubatus

32%

0%

17%

Frank et al 2003

Leg-hold snare

Puma concolor

Odocoileus hemionus, Canis
latrans, Bos taurus

45%

17%

-

Logan et al 1999

Neck snare

Vulpes vulpes

Canis familiaris, Felis catus, F. 46%
sylvestris, Meles meles, Martes
martes, Lutra lutra, Lepus
europaeus

-

-

Chadwick et al 1997

1

The relative % of injured and dead animals is not known. 2 Mortality and injury combined.
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Table 7 Trapping statistics (annual captures) from Canada (Statistics Canada 2004), Europe (FACE 1998), Russia
(Dronova & Shestakov 2005) and USA (Fox 2004b) for the 19 mammal species included in the Agreement (Anonymous
1998a).
Species
Canis latrans
Canis lupus
Castor canadensis
Castor fiber
Lontra canadensis
Lutra lutra
Lynx canadensis
Lynx lynx
Lynx rufus
Martes americana
Martes martes
Martes pennanti
Martes zibellina
Meles meles
Mustela erminea
Nyctereutes procyonoides
Ondatra zibethicus
Procyon lotor
Taxidea taxus
Total

Canada
55,500
2,700
260,000
19,000
11,300
2,100
120,000
23,500
30,000
290,000
72,000
490
886,590

Europe
300
1,500
45,000
43,000
27,200
90,000
700,000
7,000
914,000

Russia
300*
2,000
180*
250,000
105,000
4,100*
1,100,000
1,461,580

United States
110,000
1,200
300,000
25,000
2,700
27,000
14,000
8,300
14,0001
2,000,000
2,100,000
17,000
4,619,200

Estimates from Europe include animals caught in both killing and restraining traps. Data from Canada and Russia do not include methods of capture. Russian statistics are official harvests and do not represent animals taken illegally which may be > 150% of the official
harvest (Dronova & Shestakov 2005). * Data from Russian Far-east only; 1 data include Mustela frenata and M. erminea.

Pitfall traps are predominantly used to capture small terrestrial mammals such as shrews. The pitfall trap is a smoothsided container, usually > 40 cm deep and between
20-40 cm in diameter. These can be unbaited or animals can
be attracted to the trap by bait or by using barriers to force
animals into the pit.

Assessing welfare performance of restraining traps
The purpose of a restraining trap is to hold the animal
unharmed and with minimum stress until the trap is
checked. The animal can then be despatched or released.
There are two principle considerations when assessing
welfare performance of restraining traps: mortality of
trapped animals (target and non-target species) and injuries
suffered by restrained individuals. To compare traps
directly, a quantitative approach is needed, and several
studies over the last couple of decades have used injury
scales to assess welfare performance (Table 2). Most injuryscoring systems correspond to a detailed evaluation of
pathological changes. However, some studies examine only
specific body areas rather than the whole body, and this may
affect the assessment of welfare performance (eg van
Ballenberghe 1984; Onderka et al 1990).
Since the first injury scales were developed, the number of
injury classes has increased from 12 to more than 15. Each
study has added injury classes or altered scoring and this
makes both the direct comparison of the standards of traps

and the repeatability of studies difficult (Engeman et al
1997). In 1999, the ISO developed a standardised method
for assessing welfare performance of restraining traps (ISO
10990-5 1999; Table 3). This improves on earlier injury
scales in three ways: it has a larger number of categories,
incorporating examination of all body areas including areas
previously not covered (eg ocular injuries); it advocates
examination of injuries by veterinary pathologists; and as an
overall international standard for assessing restraining traps,
it allows better comparative assessment of welfare performance. The ISO trauma scale constitutes a significant step
towards improving assessment of trap welfare performance,
though few studies have utilised it (Table 4).
Currently there are few objective criteria for interpreting the
impact of injuries to animals, and so human-based scales are
used to assess the importance of injuries (Kirkwood et al
1994). Regardless of the scoring system, injuries that have
the potential to reduce survival of released animals always
receive a high score, typically in excess of 50 points
(Tables 2 and 3). In this respect, they have much in common
with trauma scales used to assess life-threatening human
injuries (Greenspan et al 1985). However, while these
scales assess injury, they do not incorporate variables such
as pain. Human trauma scales only examine the life-threatening nature of the injury (Greenspan et al 1985); separate
scales exist to assess pain (Turk & Melzack 1992). Thus,
while broken teeth receive relatively low trauma scores
Animal Welfare 2007, 16: 335-352
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(Tables 2 and 3), orofacial pain is some of the most intense
and excruciating, rating highly on pain scales in humans
(Tandon et al 2003).
Assessing injuries is a method that allows a quantitative
assessment of trap performance to be made. Assessments
can be made for those animals that are caught and killed or
caught and released. However, there are reservations about
how injuries can be directly related to welfare. Currently,
injury-based trauma scales are the best available method
(Proulx 1999a), but in our opinion different approaches are
needed to assess accepted welfare standards. These should
incorporate a) the individual animal and context (species,
size, age, sex, season), b) location(s) of the wound(s), c) the
nature and pain associated with the injuries, and most
importantly if being released, d) the long-term survival and
fecundity of the individual and the impacts of removal of
animals from the population (such as those on dependants).
As has already been shown in Rüppel’s fox (Vulpes rueppellii), the majority of individuals received low injury
scores when caught in padded leg-hold traps, yet subsequent
survivorship was significantly reduced, possibly due to
predation caused by temporary limping (Seddon et al 1999).
Damage caused by the pressure of neck snares on tissue
may take days to appear, often after individuals are released;
such tissue necrosis can lead to death of the individual
(Stocker 2005). For carnivores broken teeth have been
linked to the inability to catch wild prey and increased
livestock predation (Patterson et al 2003). Even such factors
as claw loss may impact on subsequent ability to catch prey.
Future assessment of trap performance must include an
assessment of the longer-term impact on the individuals
after release. Any negative impacts on survival or fecundity
would have serious implications for the validity of many
scientific studies and/or the post-release survival of nontarget species.
Physical injury and pain comprise only one facet of the
distress associated with trapping. Anxiety caused by
confinement and physical exertion related to struggling will
also affect the welfare of the animal (Marks et al 2004).
When prolonged, this distress can have a deleterious effect
on an animal’s health and subsequent survival (Moberg
1999). As a consequence, an important, but often overlooked component of trap welfare performance involves
assessing the physiological changes caused by trapping.
There are three physiological responses to the psychological
stress of being trapped, the pain of any injuries and exertion
from struggling against or within the trap (Warburton et al
1999). Stress and pain of capture cause significant changes
in hormones, enzymes and electrolytes, as well as muscle
pH. Trapped animals have increased levels of serum cortisol
(Hamilton & Weeks 1985; Kreeger et al 1990; White et al
1991; Cross et al 1999; Warburton et al 1999; Inglis et al
2001), indicating a stress response to being trapped. During
the initial moments of capture, animals have increased
activity as they struggle and move around (White et al
1991; Inglis et al 2001). This causes increased heart rate and
body temperature (Kreeger et al 1990; White et al 1991;
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Inglis et al 2001). For scientists, this affects handling techniques. Individuals with higher body temperatures require
larger dosages of anaesthetic (Cattet et al 2003; McLaren
et al 2005). Increased activity causes a physiological
response and may even cause long-term muscle damage
(Duncan et al 1994); typically, enzymes and metabolites
such as creatine kinase and circulating phosphate increase
in the blood of trapped animals as a result of physical
activity (Kreeger et al 1990; Hubert et al 1996; Huber et al
1997; Warburton et al 1999; Cattet et al 2003). Whilst it can
be seen that many studies have examined the physiological
changes caused by particular types and/or makes of traps,
there is a need for more comparative studies between the
principal trapping methods.

The welfare performance of restraining traps in
current use
Trap-based injuries are rarely reported in scientific papers
and, as such, this makes it hard both to improve and to
compare trapping techniques. To assess welfare performance of restraining traps two factors must be considered: the
nature and severity of injuries suffered by target and nontarget species and the long-term impact on survival and
fecundity for an individual (Kirkwood et al 1994; Littin
et al 2004).
Neck snares are widely used both for pest control and fur
trapping, but are less commonly used for scientific studies.
Few studies have evaluated the humaneness of neck snares
in the same way as has been done for leg-hold snares, leghold traps and box traps (eg Sala et al 1993; Lovari et al
1994; Lucherini & Lovari 1996). Those that do apparently
pool categories of wounds or fail to provide information on
numbers of individuals with no or minor injuries (van
Ballenberghe 1984; McKinstry & Anderson 1998; Pruss
et al 2002). When set correctly, serious injuries are
purported to be relatively uncommon, though mortality of
trapped individuals is higher than with both leg-hold snares
and box traps (Table 4). One further difficulty in assessing
welfare standards of neck and leg-hold snares stems from
certain insidious injuries manifesting themselves days after
the release of an individual. Pressure from the wire ligature
can damage cellular structures, which can in turn lead to
necrosis of tissues (pressure necrosis) and ultimately death
in the days following release (Stocker 2005). Great concern
also arises from the incorrect setting of neck snares
(National Federation of Badger Groups 2002). While
training and codes of practice are freely available (British
Association for Shooting & Conservation 2002), deliberate
setting of non-stopped snares where they are illegal, snares
set where they may catch protected species or where
animals may kill themselves, and snares not checked daily,
are common (MacNally 1992; National Federation of
Badger Groups 2002). In the UK, neck snares are the
commonest form of restraining trap because they are cheap
and require minimum effort to set and maintain. Reports of
misuse are frequent; despite this, there are no quantified
data on the level of use/misuse of snares (Department for
Environment Food and Rural Affairs [Defra] 2005; League
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Against Cruel Sports 2005). Even when neck snares are set
and utilised correctly, they commonly catch non-target
species and these can have high mortality (see later section)
(Phillips 1996; Chadwick et al 1997; Defra 2005).
Modification of neck snares may increase target specificity
and reduce capture of non-target species (Pruss et al 2002;
Luengos Vidal et al 2003), but overall the lack of data on the
use of snares makes it difficult to assess their welfare impact.
In comparison to neck snares, the effectiveness and welfare
performance of leg-hold snares is more commonly reported
in the scientific literature (Table 4). In general, leg-hold
snares appear to have an acceptable effect on welfare, with
little target species mortality (Table 4). However, the same
cannot be said for non-target species, which may experience
high mortality (see later section). One further problem
arises from foot swelling; several studies highlight that most
individuals have a swollen foot caused by the noose, yet do
not classify these as serious (Logan et al 1999; Frank et al
2003). Since snares may cause subsequent pressure
necrosis, and even temporary limping may have a negative
impact on an individual, further work is needed to examine
the long-term welfare impact of leg-hold snares.
Leg-hold traps are considered inhumane and banned within
the EU and 80 countries worldwide (Fox 2004a); nonetheless, they are a common capture device in North America
and Canada. Across the literature, the majority of studies
show a significant percentage of trapped individuals
suffering major injuries (Table 5). If the criterion used is
that 80% of individuals have nothing more than minor
injuries (Anonymous 1998a), it is clear that both padded
and unpadded leg-hold traps fail in this respect.
Comparative studies have shown that padded leg-hold traps
cause fewer injuries than unpadded leg-hold traps, but at the
same time different studies on the same species have found
contrasting welfare performance results (Table 5). For
example, welfare performance of leg-hold traps for red
foxes has been assessed extensively in different locations
around the world, yet red foxes have very different bodyweights in different locations. Since smaller body size may
increase the levels of injuries sustained using the same leghold traps (Seddon et al 1999), location differences of trap
tests may confound results (International Association of
Fish and Wildlife Agencies [IAFWA] 2003). In addition, the
many different kinds of leg-hold traps (padded, unpadded,
off-set jaws, double jaws, various sizes, different numbers
of springs) and contrasting methods of assessing injuries
make true comparisons difficult (Engeman et al 1997).
What is clear is that 28/38 studies on leg-hold traps
(Table 5) fall outside currently accepted standards of
welfare (eg Proulx 1999a; Powell & Proulx 2003).
Physiological studies demonstrate that they are more
stressful than other capture techniques (Kreeger et al 1990;
White et al 1991; Cross et al 1999; Warburton et al 1999),
can have poor capture specificity (Table 6), and can reduce
long-term survivorship of released individuals (Seddon et al
1999). Leg-hold traps are clearly not the most humane
capture technique, yet where legal, for example in many

states in the USA, they are widely used for a range of
species (Fox & Papouchis 2004b).
Box and cage traps are one of the most widely used trapping
techniques. Animals captured in these traps appear to
undergo fewer traumas than those captured in snares and
leg-hold traps (Table 4) (Powell & Proulx 2003).
Significantly, if checked regularly and used correctly,
mortality rates approach zero (Table 4). Wounds appear to
be less severe, with most injuries confined to skin abrasions
and broken teeth, often reduced by improved trap design
and reduced mesh size (Short et al 2002; Powell & Proulx
2003). Box traps can capture a range of species, but unlike
other trap methods, non-target species are typically released
unharmed, the only distress experienced generally being
that of restraint (Table 4). On the other hand, for large
species, box traps can be bulky to transport and not practical
to use in remote areas.
To date, there have been few comparative studies examining
the physiological response to snares and box traps, other
than a study comparing darting and leg-hold snares when
capturing free-ranging brown bears (Ursus arctos) (Cattet
et al 2003). Most studies compare physiological responses
between leg-hold traps and box traps. The majority show
that box traps are less stressful than leg-hold traps. Box traps
caused an increase in cortisol compared to untrapped individuals (White et al 1991), but this was lower than individuals caught in leg-hold traps (Kreeger et al 1990; White et al
1991; Cross et al 1999; Warburton et al 1999). Significantly
this was not related to injuries and therefore pain (Warburton
et al 1999). Both box traps and leg-hold traps caused an
increase in body temperature, heart rate and some blood
metabolites, associated with increased activity, but box traps
showed lower values than leg-hold traps, indicating lower
physical activity when trapped (White et al 1991; Warburton
et al 1999). Thus, box traps seem the most favourable option
because the number of injuries is lowest and physiologically
box traps appear to be the least stressful.

Trap selectivity
An important side-effect of both killing and restraining
traps is selectivity, usually measured as the number of individuals of the target species caught relative to the number of
non-target animals. It is evident from Table 6 that selectivity
varies widely with trap type. However, whilst with killing
traps all or the majority of non-target individuals captured
are killed, restraining traps vary in mortality rates from 0%
in box traps to 17% in leg-hold snares (Logan et al 1999;
Potočnik et al 2002). It has long been recognised that nontarget captures can be very high in comparison to target
captures (eg it has been noted previously that the number of
non-target to target animals can vary from 0-18.1)
depending on trapping device used, season, bait and the way
in which the trap is set in the field (Novak 1987; Proulx et al
1993). The capture of non-target individuals can also pose a
serious threat to species of conservation concern. For
instance, studies on museum specimens and necropsies of
golden eagle (Aquila chrysaeotos), bald eagle (Haliaeetus
Animal Welfare 2007, 16: 335-352
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leucocephalus) and Iberian lynx (Lynx pardinus) showed
42, 14 and 64% respectively died as a result of trapping or
because of injuries caused by trapping (Bortolotti 1984;
García-Perea 2000). However, not all mortality is immediately apparent at the time of the capture. For example, posttraumatic stress of capture can cause subsequent cardiac
myopathy in ungulates (Putman 1995); moreover, postrelease pressure necrosis may affect non-target species
captured in snares (Stocker 2005). Guidelines to avoid
capture of non-target species are available from organisations such as the British Association for Shooting and
Conservation (2002), Defra (2005) and IAFWA (2006).

Making killing and restraining traps more
humane
The development of higher welfare performance of traps
should be a priority. Recently, much research has been
devoted to testing the animal welfare impacts (reviews in
Powell & Proulx 2003; Warburton & O’Connor 2004) and
efficiency of killing traps (Pawlina & Proulx 1999), and
integrating ethics and animal welfare in trapping research
(IAFWA 1997; Broom 1999; Powell & Proulx 2003; Fox &
Papouchis 2004a). In contrast, much less effort has been
devoted to excluding non-target species from killing traps
(Short & Reynolds 2001; Reynolds et al 2004).
Most of the killing traps currently in use fall below accepted
standards of welfare (see next section on the Agreement), or
may be effective when tested in compounds and ineffective
in the field (Powell & Proulx 2003; Fox & Papouchis
2004b; Warburton & O’Connor 2004). Technical improvements may improve efficiency of some killing traps (Proulx
& Barrett 1993a; Proulx et al 1995; Warburton & Hall 1995;
Warburton et al 2000). For instance, improving strike
precision of spring traps to target the neck and avoid back
strikes can reduce the impact force needed to kill quickly
(Nutman et al 1998; Warburton et al 2002). Increasing
strike power is of concern for user safety but both strike
precision and mechanical advances can avoid the use of
increased power. Rotating-jaw traps can be further
enhanced by offsetting the trap jaws (Zelin et al 1983)
without the need to increase power. Some traps are quicker
and more efficient killing devices than others. A trap
designed to kill by shutting off the blood supply to the brain
(a neck-hold trap) rather than one that aims to suffocate the
animal by clamping its back (such as body-catch traps), will
kill more quickly and more effectively (Proulx & Barrett
1991; Phillips 1996), although this may depend on the
species (Copeland et al 1995). However, the trapping
community seems to be resistant to the adoption of new
devices and old and illegal methods are still widely used
across the globe (Powell & Proulx 2003; Dronova &
Shestakov 2005). An understanding of the biology of the
target species, and extensive trapper training, are therefore
essential to increase trap efficiency and improve animal
welfare (Powell & Proulx 2003).
Many studies report slight species-specific modifications
that can enhance the welfare of restraining traps. To reduce
teeth breakage, box traps can be constructed from natural
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materials (Copeland et al 1995), mesh size or air hole size
can be reduced (Arthur 1988; Powell & Proulx 2003), or
box bars (a bar placed at the entrance of the trap to prevent
biting of the door) can be added (Woodroffe et al 2005). For
skin abrasions, smooth material can be used to construct
traps or smooth coatings added to abrasive materials
(Woodroffe et al 2005). Longer periods of time spent in the
trap are often associated with greater exertion and more
serious injuries (Powell & Proulx 2003). Most European
countries and some North American states require traps
(both killing and restraining) to be checked daily (although
this may mean circa 36 hours, if traps are checked at dawn
and then at dusk the following day [FACE 1998; Fox &
Papouchis 2004a]). This is a minimum standard; reducing
the time in traps by either checking more frequently (Proulx
et al 1993) or monitoring traps with electronic devices can
reduce the number of serious injuries (Kaczensky et al
2002; Potočnik et al 2002; Larkin et al 2003). The closure
or tying open of traps during adverse weather conditions
can reduce freezing damage or hypothermia in colder
climes (de Vos & Gunther 1952). Welfare performance may
also be improved in both neck and leg-hold snares.
Increasing the diameter of the cable can reduce laceration
injuries (Garrett 1999). The addition of swivels gives a
struggling animal more flexibility and makes it more
difficult to entangle or twist the snare (eg Nellis 1968;
Logan et al 1999). Adding a breakaway snare lock, snare
stops and pan tension devices can both minimise capture of
non-target species, and ensure that stronger non-target
species can escape from the snare (Garrett 1999). Altering
the breaking tension of the cable itself can also minimise
capture of some non-target species (Fisher & Twitchell
2003). A plastic coating around the wire noose can reduce
injuries (Englund 1982). Careful site selection can prevent
individuals becoming entangled in surrounding vegetation,
and thus injured (Logan et al 1999). Some studies have
shown that tranquillisers attached to snares can also reduce
injuries (Garrett 1999; Pruss et al 2002; Marks et al 2004).
Perhaps the greatest advancement to snare welfare would be
better training for users and prosecution of those deliberately setting snares illegally. In future, new remotecontrolled teleinjection methods (ie a blowgun remotely
monitored and triggered up to 400 m away, shooting anaesthetised darts), which are being developed to catch large
mammals with minimum stress and high selectivity, could
be extremely useful for research and conservation purposes
(Ryser et al 2005).

International legislation on mammal trapping
The ISO standards for killing and restraining traps were
drafted by representatives of countries with an interest in
trapping standards, members of the trapping community
and animal welfare organisations (Harrop 1998, 2000).
Since no agreement could be reached on either time to the
onset of unconsciousness for killing traps or the use of nonphysiological indicators of distress, which were perceived
as two measures to assess humaneness (Harrop 1998, 2000),
the European Union signed two international documents:
the Agreement on International Humane Trapping
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Standards (Anonymous 1998a), signed between the EU,
Canada and the Russian Federation (hereafter the
Agreement) to facilitate the trade in fur and traps as well as
to ensure the good welfare of trapped mammals (Harrop
1998), and the Agreed Minute between the EU and the USA
on humane trapping standards (Anonymous 1998b), a
document that differed only in small technical details from
the Agreement (see Harrop 1998, 2000).
It is beyond the scope of this review to cover all national
legislation on mammal trapping. Nonetheless it is important
to mention a few pieces of legislation dealing with specific
trap types. For instance, mammal trapping in Europe is also
regulated by the Leg-hold Trap Regulation (The Council of
European Communities 1991), which bans the use of leghold traps within the EU and prevents the import of fur from
countries that employ leg-hold traps. Leg-hold traps are also
completely or partially banned in eight US states (Arizona,
California, Colorado, Florida, Massachusetts, New Jersey,
Rhode Island and Washington) (Fox 2004b). At a national
level, only five European countries (Belgium, France,
Ireland, Spain, and the UK) still allow the use of neck snares
(FACE 1998; Fox 2004b). Snares (all kinds) are banned in
Arizona, Connecticut, Massachusetts, New York, Rhode
Island and Vermont, whilst colony traps, a type of drowning
trap or restraining trap underwater, are not allowed in
Illinois, Delaware, Massachusetts, Missouri, New York,
Pennsylvania and Wisconsin (Fox 2004b). This highlights
the fragmented nature of trapping legislation at national and
international level and is in part inconsistent with other
animal welfare legislation. For instance, different pieces of
legislation concerning the welfare of farm animals cover all
stages of the process from housing, to transport and
slaughter. In the controlled conditions of slaughterhouses
the period of pain and distress before the loss of consciousness is often less than 60 seconds, and yet ongoing research
aims to further shorten this time (Mellor & Littin 2004).
Countries such as Australia have established humane
standards for even the control of introduced pest species
(Sharp & Saunders 2005). Codes of conduct developed by
shooting or bowhunting organisations require hunters to
target vital areas of an animal’s body so that killing is fast
acting; moreover hunters should aim to produce an
immediate kill (Gregory 2005; British Association for
Shooting & Conservation 2006; North Dakota Bowhunters
Association 2006). In contrast, 300 seconds is considered as
an acceptable time of suffering for wild mammals caught in
killing traps and in some cases the period permitted between
two visits to check restraining traps is 72 hours (Fox 2004b).

Limitations of the international legislation
The current legislation on trapping standards does not
promote good animal welfare performance. For instance,
some procedures in the ISO standards to test killing and
restraining traps are less than ideal. Testing traps in an artificial compound is assumed to recreate actual field settings
for both killing and restraining traps, whereas all conditions
as well as individual animal behaviour cannot be easily

recreated. This could lead to traps failing in the field and
poor welfare of trapped animals (Powell & Proulx 2003;
Fox & Papouchis 2004a; Warburton & O’Connor 2004).
Moreover, the killing traps standards fail to recognise
drowning traps as inhumane and ban their use. Despite the
fact that the ISO standards advocate the need for target
specificity, no actual guidelines are given to avoid capture of
non-target species (but see British Association for Shooting
and Conservation 2002; Defra 2005; IAFWA 2006). The ISO
standards currently provide the best available information
upon which a decision can be made regarding
acceptability/humaneness of restraining traps. However, the
long-term impact of some injuries, pain and physiological
stress are not incorporated into this assessment.
The main aim of the Agreement is to facilitate the trade of
fur amongst the participant countries. Consequently, several
mammal species (eg red fox, coypu [Myocastor coypus])
and many rodents (Mason & Littin 2003) are commonly
trapped in Europe to reduce numbers but are not included in
the Agreement. Equally, several mammals trapped for fur in
Canada and Russia (eg wolverine [Gulo gulo], red squirrel
[Sciurus vulgaris]) are not included in the Agreement.
While the Agreement sets welfare standards for 19 species
(Table 7), there are no specific guidelines for the majority of
species not included in the Agreement. In addition, when
the Agreement was signed in 1997, different time limits to
unconsciousness were set; smaller species must be rendered
unconscious in shorter time limits (60 or 180 seconds) than
larger ones (300 seconds). However, the time limits to
unconsciousness adopted in the Agreement now fail to
account for higher welfare standards currently accepted in
trap research. Indeed, the traps currently available for
American beaver, American pine marten, Canadian lynx,
fisher and muskrat may kill within time limits shorter than
those adopted by the Agreement (Powell & Proulx 2003;
Table 1). By allowing the use of traps that fall below the
accepted standards of animal welfare, the time limits set by
the Agreement cannot be considered acceptable. Lastly, the
Agreement considers killing and restraining traps to be
humane if time to unconsciousness (for killing traps) and no
indicators of poor welfare (for restraining traps) are
achieved in a minimum of 80% of cases; for the remaining
20% or less of trapped animals, any level of welfare is
acceptable. A minimum estimated 7,880,000 animals
(excluding unrecorded and illegally trapped animals) of the
mammal species included in the Agreement are trapped in
killing and restraining traps in Canada, Europe, Russia and
the USA annually (Table 7) and this implies that, at the very
least, poor welfare for hundreds of thousands of animals
each year is acceptable. A key goal should be to reduce this
number substantially.
One missing aspect from the legislation concerns the
methods of euthanasia of animals trapped in restraining
traps. Trappers’ magazines often advocate suffocation,
drowning, gassing and hitting with clubs to minimise pelt
damage (Minnesota Trapper Association 2000; Fox &
Papouchis 2004c; Orr 2005). No formal guidelines are
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provided for pest control officers, and while some may use
guns or other humane killing devices to despatch trapped
animals (The Fund for Animals 2001), some will undoubtedly use less humane methods. Scientists, in contrast,
follow precise guidelines on euthanasia, and only humane
methods are allowed (Close et al 1996; Beaver et al 2001).
Similarly, farmed animals must be stunned before slaughter
in the vast majority of commercial slaughterhouses in
Australia, Europe and the USA so that the period of distress
before killing is minimised (Gregory 1989/1990); some
forms of ritual slaughter also allow stunning prior to
slaughter in certain contexts (Mellor & Littin 2004). There
are no guidelines on how to kill a trapped animals humanely
in either of the ISO documents or the Agreement. To improve
welfare, this aspect of trapping needs to be addressed.

Mammal trapping for research
The welfare of animals used in research has become
increasingly important in the last half century and is the
subject of great public concern and debate among scientists
(Broom 1988; Putman 1995; Dawkins 1998; Clutton-Brock
2003). In general, for a scientific journal to accept original
research conducted using wild animals, authors must have
complied with the laws and regulations of the country
where the research was undertaken. If research techniques
affect the animals under study, the value of the data
collected is reduced, possibly significantly. When animals
were kept confined temporarily in a laboratory, researchers
must have followed guidelines such as Guide to the Care
and Use of Experimental Animals (Canadian Council on
Animal Care 1993), Guide to the Care and Use of
Laboratory Animals (Institute for Laboratory Animal
Research 1996), Guidelines for the use of animals in behavioural research and teaching (Anonymous 2003) by The
Association for the Study of Animal Behaviour, and
Guidelines for the capture, handling and care of mammals
(American Society of Mammalogists Animal Care and Use
Committee 1998). These guidelines are published to help
researchers design studies that have minimum impact on the
individuals, populations or communities under examination.
This includes minimising sample sizes for statistical
analyses, choosing live-capture methods which are humane
or killing traps that kill as quickly and painlessly as
possible, assuming responsibility for dependent offspring,
and minimising the length of confinement to avoid disruption to social interactions (American Society of
Mammalogists Animal Care and Use Committee 1998;
Anonymous 2003). Researchers are responsible for all
animals involved in their study: should restraining traps be
laid out, only the number of traps that can be checked daily
should be employed; where the target species is nocturnal,
traps should be checked at dawn and closed during the day
to avoid capture of diurnal non-target species; great care
must be taken when small mammals are to be captured, as
they are very sensitive to extreme temperature, dehydrate
very quickly due to high metabolism, and may starve in
short time spans; when research involves endangered
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species, researchers must work in co-operation with official
agencies such as CITES (Convention on International Trade
in Endangered Species of Wild Flora and Fauna) or IUCN
(The World Conservation Union); sampling must be
restricted to the smallest number of individuals and,
whenever possible, conducted as far apart as possible so that
recolonisation may take place from neighbouring populations
(American Society of Mammalogists Animal Care and Use
Committee 1998); in some instances during a study, animals
might need to be killed; in such circumstances the accepted
methods of euthanasia are those published by organisations
such as American Veterinary Medical Association (Beaver
et al 2001) or the Federation of European Laboratory Animal
Associations (Close et al 1996).
In conclusion, there is no distinct definition of humane
trapping; whoever undertakes the research is responsible for
the welfare of the animals involved and must minimise
disruption to the species at all levels ie individuals, groups,
populations and communities, and at all stages of the study.
These principles should be the basis for establishing welfare
standards for trapping undertaken for other than research
purposes.

Animal welfare implications
A large number of killing and restraining traps currently in
use for mammals do not meet accepted standards of animal
welfare. The methods currently in place to test trap devices
are inconsistent. Testing restraining and/or killing traps in
controlled systems is less than ideal; physiological
responses of anaesthetised animals have been shown to
differ from the responses of unanaesthetised animals (Hiltz
& Roy 2001), and the full range of behaviours of animals in
the wild cannot be recreated in captive conditions. With
regard to restraining traps, there is no clear understanding of
the injury scoring system or how this relates to animal
welfare. Very few (if any) studies present good behavioural
or physiological measures of animals in different trap types.
Many facets of the welfare of trapped animals such as
behaviour, physiology, immunology and molecular biology
still need to be incorporated into trap evaluation to achieve
a more complete assessment of welfare. The welfare of wild
animals caught for fur or population control lags a long way
behind other welfare standards, such as those set for slaughtering farm animals (Mellor & Littin 2004), trapping
standards for scientific research or those for shooting and
bowhunting. There is no logic for contrasting welfare
standards for wild animals and captive animals or for
different welfare standards for the same species when
trapped either for scientific research or for pest control. The
ISO standards should be seen as a baseline to set higher
welfare standards. This can be achieved by reviewing the
time to unconsciousness following improvements to killing
traps, banning inhumane killing methods such as drowning
traps, identifying acceptable methods for euthanasia of
trapped animals and collecting new data on stress responses
to different trap types. In conclusion, we believe that animal
welfare standards for trapping should be the highest achiev-
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able whatever the need (for fur, population control or scientific research), should not fall below current accepted
standards for other animal uses and, finally, that further
improvements should always be sought.
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Abstract
Although killing neck snares are used on traplines in Canada to capture gray wolves (Canis lupus), coyotes (C.
latrans), and red foxes (Vulpes vulpes), they are not subject to trap performance criteria set out in the Agreement
on International Humane Trapping Standards (AIHTS). This paper reviews scientific information related to the
humaneness and selectivity of killing neck snares used to capture canids. All past studies demonstrated that manual
and power killing neck snares were inadequate to consistently and quickly render canids unconscious. Furthermore,
killing neck snares are non-selective, and impact seriously on the welfare of non-target animals. We recommend
that the AIHTS be modified to allow only killing neck snares that kill quickly and consistently, and in the absence
of such snares, to phase-out all killing snares for which efficient and more humane alternatives exist.
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INTRODUCTION
To address animal welfare concerns about trapping in Canada,
intensive research was conducted in Canada during the 1970s
through the 1990s (Federal Provincial Committee for Humane
Trapping – FPCHT – 1981; Proulx 1999). This research identiﬁed
and developed several humane trapping devices for killing or
restraining furbearers (Proulx et al. 2012). Yet, despite signiﬁcant
technological improvements, many antiquated trapping systems are
still used today (Proulx and Santos-Reis 2012). Killing neck snares
are one example. They are popular in Canada where they are set on
traplines to harvest canids, i.e., gray wolves (Canis lupus), coyotes
(Canis latrans) and red foxes (Vulpes vulpes) (Proulx et al. 2012;
Fédération des Trappeurs Gestionnaires du Québec – FTGQ
– 2014; Sinnema 2014). Killing neck snares are commercially
available (e.g., Halford’s 2014) and their use is being taught by
professional trappers (e.g., Trapper Gord 2014). They are popular
among trappers because they are cheap, lightweight, easy to set
and camouﬂage (except power snares), and eﬃcient at capturing a
diversity of furbearers. Furthermore, some trappers claim that they
are humane, as they compress the carotid arteries, thereby reducing
blood ﬂow to the brain, quickly leading to unconsciousness and
then death (Sinnema 2014). In this paper, we review research
related to the humaneness and capture selectivity of killing neck
snares used to capture and kill canids.

KILLING NECK SNARE TECHNOLOGY
There are 2 types of killing neck snares. Both are usually made of
braided, galvanized stainless steel wire (diameter: 1/16 to 1/8 inch
– 1.6 to 3.2 mm). They are placed on animal trails or in enclosed
areas with lures or baits. Ten or more killing neck snares may be
set around large draw baits (“saturation snaring”) to catch most of
a wolf pack.
Manual killing neck snares – for which an animal provides the
energy necessary to tighten the noose. One end of the snare is
formed into a loop with a one-way locking tab that only allows the
loop to tighten (Figure 1a). The more a captured animal struggles,
the tighter the loop becomes, if the lock functions properly (e.g.,
malfunction may result from the animal’s hair being pulled into
the lock as the snare tightens). The other end of the snare is
anchored to a ﬁxed object (e.g., a tree) or, because the trapper wants
to minimize disturbance at the trap site, to a “drag” that allows the
snared animal to leave the location. Speciﬁc loop diameters and
heights are recommended to capture canids in open or in forested
sites (e.g., FTGQ 2014). The eﬃcacy of killing neck snares to kill
animals may be improved by using the smallest possible cable wire
diameter for the target species, better one-way locking tabs that
only allow the loop to tighten, locks with compression or quick
kill springs to increase clamping force, and swivels to avoid cable
torsion and breaking (FTGQ 2014; Klassen 2014) (Figure 1b).

Power killing neck snares – for which one or two springs provide the
energy necessary to tighten the noose. No locks are needed because
the clamping force is supplied by the spring pulling on the snare
wire (Figure 2). Manufacturers of power killing neck snares claim
without providing data that these devices are more selective than
manual snares, and captured animals cannot chew the wire (e.g.,
Ram Power Snare Systems 2014).

KILLING NECK SNARES VS.
TRAPPING STANDARDS
According to trapping performance requirements set out in
the Agreement on International Humane Trapping Standards
(AIHTS) signed by the European Community, Canada, and
Russia in 1997, killing devices used for the capture of canids should
render the animals irreversibly unconscious within 300 sec (Oﬃcial
Journal of the European Communities 1998). A killing trap would
meet the standard if at least 80% of 12 animals are unconscious
and insensitive within the time limit, and remain in this state until
death. Therefore, at a 95% conﬁdence level (one-tailed binomial
test), such a killing trap would render ≥58% of target animals
irreversibly unconscious in ≤5 min (Powel and Proulx 2003).
However, a footnote to Article 7 in the AIHTS stipulates that the
standards do not prevent individuals from constructing and using
traps (which may not pass the 300 sec test), provided that such traps
comply with designs approved by the relevant competent authority.
Although killing neck snares are commonly manufactured and
sold on the open market, they are deemed by all relevant Canadian
competent agencies to be non-commercial devices and therefore not
subject to the AIHTS. As a result, they may be used throughout
Canada in accordance with provincial and territorial regulations.
For example, in Alberta, Environment and Sustainable Resource
Development (ESRD) is the relevant competent authority and it
dictates the appropriate design for neck snares as: “Neck snares
must be equipped with a locking device that is designed and set to
prevent the snare loop from loosening again after it has tightened
on the neck of the fur-bearing animal” (Craig Brown, Information
Oﬃcer, ESRD, personal communication, April 22, 2014).
Proulx and Barrett’s (1994) stricter standards for killing devices
is considered to be the most representative of state-of-the-art
technology (Powell and Proulx 2003; Proulx et al. 2012). This
standard requires that, at a 95% conﬁdence level, humane killing
traps render ≥70% of target animals irreversibly unconscious in ≤3
min. It has been used in the past to test traditional trap designs,
and to develop new trapping devices (Proulx 1999). Killing neck
snares have not been evaluated according to Proulx and Barrett’s
(1994) standard.
A trap selectivity standard has also been developed by the
International Organization for Standardization (ISO 1999a,
b). The selectivity of a trap for a particular species is based on
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Figure 1. Manual killing neck snares: a) basic construction with a one-way lock; b) improved device with a Cam-Lock and a Senneker Stinger
(http://martysenneker.com/) kill spring.

a comparison with the selectivity level of control (commonly
used) traps (ISO 1999a, b). Trap selectivity is calculated as the
number of captured target animals divided by the total number of
captured animals. There is no minimum acceptable percentage of
selectivity.

SCIENTIFIC ASSESSMENTS OF KILLING
NECK SNARES TO HUMANELY KILL
CANIDS
Manual killing neck snares
FPCHT (1981) ﬁrst assessed the ability of manual killing neck
snares to kill anaesthetized red foxes quickly. Researchers provided
the power required to tighten the nooses, and although they
attempted to simulate snare actions as described by an experienced
trapper, the animals continued to breathe for 30-40 min after

snaring. Even after tightening the snare to 2-3 cm less than the
diameter of an animal’s neck, researchers were able to push a swab
into the trachea of animals while the snare was still tight. On the
basis of laboratory kill tests, FPCHT (1981) concluded that killing
neck snares could not be condoned as humane trapping devices for
foxes. While it is best to snare canids behind the jaw where the
carotid artery and the trachea are maximally exposed, FPCHT
researchers failed to achieve exact positioning in the laboratory,
and concluded that it would be even more diﬃcult to accomplish
in the field. Although trapper experience and expertise on the
proper use and placement of snares is important in capturing
animals properly, previous studies showed that it was impossible
to restrict captures to the neck area. Guthery and Beasom (1978)
reported that of 65 snared coyotes, 59% were neck catches, 20%
ﬂank, and 10% foot. Also, nearly half of the animals were alive the
morning after being snared. Phillips’ (1996) evaluation of killing
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Figure 2. A power killing neck snare.

neck snares showed that out of 301 snared coyotes, 25 (7%) were
captured by the body, and 12 (4%) by the leg. Phillips (1996) also
reported that 5% to 32% of the animals captured in various snare
models were still alive when found. Snare location on an animal
is inﬂuenced by many factors such as the behaviour of the animal
when entering the loop (Proulx and Barrett 1990), snare height and
loop diameter, positioning of the lock, preload on the loop (i.e., a
little tension is put into the loop to force it to close quicker),
and environmental and maintenance factors (rust, twists in the
snare cable, snowfall), etc. (G. Proulx and D. Rodtka, personal
observations).
To gain more information on snared canids, FPCHT (1981)
also examined 3 red foxes, 25 coyotes and 12 wolves captured on
traplines in manual killing neck snares. Whereas many animals
were still alive when found, some ≥12 h after being captured,
post mortem examinations and observations by the trapper
suggested that, in most cases, animals did not die within 300
sec. The pathologist on the Committee could not estimate the
time to irreversible loss of consciousness.
It is of ten c la imed t hat capt u re sites t hat show l it t le
disturbance are indicative of a quick death by asphyxiation (e.g.,

Phillips 1996). Nonetheless, FPCHT (1981) observed that
snared animals could, in fact, react quite violently to capture
without causing signiﬁcant disturbance to the capture site. On
traplines, Proulx also observed cases where captured animals
remained conscious for several hours without disturbing the
trapping site. Captured animals may remain conscious but
physically inactive due to distress, shock, injury or pain.
Power killing neck snares
FPCHT (1981) tested the King Power Snare (Western Creative
Services Ltd., Winnipeg, Manitoba) with 2 red foxes in enclosures.
One fox remained conscious after 5 min, while the other had a
weak corneal reﬂex at 5 min and was euthanized.
A more thorough evaluation of power killing neck snares was
conducted by Proulx and Barrett (1990) who evaluated the King
(1.6 mm diameter cable), Mosher (1.6 mm diameter cable; W. C.
Mosher, Mayerthorpe, Alberta), and Olecko (1.2 mm diameter
cable; R. Olecko, Winnipeg, Manitoba) power killing neck snares.
All 3 models rendered at least 4 out of 5 anaesthetized red foxes
irreversibly unconscious within 10 min, and were selected for tests
with non-anaesthetized animals in semi-natural environments.
Proulx and Barrett (1994) found it was diﬃcult to capture foxes

PROULX et al.
behind the jaw with power killing neck snares, and to cause an
irreversible loss of consciousness within 300 sec. Both the King and
Mosher power killing neck snares failed, i.e., they did not render
irreversibly unconscious 2 neck-captured foxes in ≤5 min or they
did not consistently capture the animals by the neck. Out of 7 tests
with the Olecko killing neck snares, 2 animals lost consciousness
within 5 min, 2 within 6 min, and 3 animals were euthanized.
Proulx and Barrett (1990) questioned the ability of power killing
neck snares to humanely kill canids, and they did not recommend
them as humane trapping devices. As in FPCHT’s (1981) studies
with manual killing neck snares, Proulx and Barrett (1990) were
unable to consistently capture the animals by the neck.
Anatomical and physiological considerations – It is diﬃcult to constrict
the trachea of a fox because of its rigid cartilaginous rings and
adjacent musculature. In fact, the percentage of compression
achieved by power killing neck snares as opposed to manual snares
is not signiﬁcantly diﬀerent (FPCHT 1981). Rowsell (1981) noted
that, although a 2-mm probe could not be passed down the trachea
of 2 foxes captured in power killing neck snares, good aeration was
present in the inﬂated lungs of each animal as evidenced by the
organ’s pinkish-red colour. Like many terrestrial mammals, foxes
will gasp reﬂexively when carbon-dioxide levels in the blood rise
and oxygen levels fall (Loufbourrow et al. 1957; Barrett et al. 2009).
Gasping is a normal physiological response to stimulate a return to
regular breathing (Guntheroth and Kawabori 1975; Coleridge and
Coleridge 1994). Any slight passage left in the trachea allows air to
reach the lungs in response to the reﬂexive gasp (FPCHT 1981).
Laboratory tests with dogs show that canids have the ability
to continue to circulate blood to the brain after bilateral ligation
of the common carotid arteries because of the ability of other
arteries (e.g., vertebral arteries) situated more deeply within the
neck to compensate (Moss 1974; Clendenin and Conrad 1979a,
b). Collateral circulation also occurs within the venous blood ﬂow
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from the brain such that drainage can continue if the internal
jugular veins are occluded (Andeweg 1996; Daoust and Nicholson
2004). Because of collateral blood circulation, it is diﬃcult, if not
impossible, to stop blood ﬂow to and from the brain by tightening
a snare on the neck. To reinforce this point, Daoust and Nicholson
(2004) reported the case of a 2-year-old male coyote found in a
moribund state on Prince Edward Island, 1 month after the oﬃcial
end of the trapping season, with a snare deeply embedded in the
ventral portion of its neck. The killing neck snare had presumably
malfunctioned and the cable had cut through the soft tissues of
the neck, transecting the full diameter of the trachea, and was
embedded in scar tissue between the trachea and the esophagus.
The snare had also completely obstructed both jugular veins and
both common carotid arteries.
Coyotes captured in snares may break the lock or chew through
the cable if the lock does not tighten sufficiently to cause death
(Phillips 1996). Repanshek (2008) reported the case of 2 wolves
that had been snared outside Denali National Park and Preserve,
Alaska, and had then escaped with the tightened loops around their
necks. Both wolves were spotted by park staﬀ a few days before 1
of them was immobilized with a tranquilizer dart. The snare was
deeply embedded in the wolf ’s neck (Figure 3). The other wolf was
not relocated. Injuries and animal suﬀering resulting from escapes
from a snare are known to occur (Table 1), but the majority of
animals that escape killing neck snares and subsequently die likely
go undetected by people.

CAPTURE SELECTIVITY
Killing neck snares are eﬃcient at capturing canids (Haber 1996;
Phillips 1996) but they are not selective. Selectivity rates of 52%
(Guthery and Beasom 1978) and 77% (Phillips 1996) have been
reported for coyote snares. Moose (Alces alces), caribou (Rangifer
tarandus), and Sitka black-tailed deer (Odocoileus hemionus sitkensis)

Figure 3. Gray wolf that escaped from a killing snare and was found alive days after in Denali National Park and Preserve. The snare was deeply
embedded in the neck of the animal (Photo: Denali National Park and Preserve).
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Table 1. Specimens submitted to the Canadian Wildlife Health Cooperative from 1990-2014 that either were injured or died as a consequence of capture by
killing neck snares. Canids had escaped from killing neck snares. All other specimens were by-catches.
Species
Common name

Number of cases
Latin Name

Injured by snare

Killing by snare

Total snared

Coyote

Canis latrans

2

0

2

Gray wolf

Canis lupus

4

0

4

Red Fox

Vulpes vulpes

1

0

1

Ursus americanus

1

0

1

Lynx rufus

0

1

1

Canada lynx

Lynx canadensis

0

8

8

Fisher

Pekania pennanti

0

2

2

Mountain lion

Puma concolor

0

4

4

Snowshoe hare

Lepus americanus

0

1

1

White-tailed deer

Odocoileus virginianus

0

4

4

Gulo gulo

0

1

1

8

21

29

Mammals
Target species

Non-target species
American black beara
b

Bobcat

c

b

Wolverine
Total

Birds
Bald eagle

Haliaeetus leucocephalus

4

75

79

Barred owl

Strix varia

0

2

2

Common raven

Corvus corax

0

2

2

Golden eagle

Aquila chrysaetos

2

25

27

Goshawk

Accipiter gentilis

0

3

3

Great horned owl

Bubo virginianus

2

2

4

Red-tailed hawk

Buteo jamaicensis

1

10

11

Rough-legged hawk

Buteo lagopus

0

7

7

9

126

135

17

147

164

Total
Total specimens

are often caught in killing neck snares set for gray wolves (Gardner
2007). Cougars (Puma concolor) are susceptible to killing neck
snares placed near carrion bait to harvest gray wolves. Knopff
et al. (2010) reported that 11% of a cougar population in westcentral Alberta was removed annually as a result of incidental
snaring. Guthery and Beasom (1978) reported that a population
of collared peccaries (Pecari tacaju) was largely extirpated due to
coyote snaring. In February 2011, near Rocky Mountain House,
Alberta, Rodtka (unpublished data) noticed that a trapper had set 8
wolf killing neck snares around a draw bait on a registered trapline.

In 1 month the trapper captured 1 white-tailed deer (Odocoileus
virginianus), 1 cougar, and 2 wolves. In August 2011, Rodtka also
noted that a trapper had set 10-15 killing neck snares to capture
wolves that had depredated livestock. Within 1 week, 1 whitetailed deer (Odocoileus virginianus), 1 black bear (Ursus americanus),
and 1 grizzly bear (Ursus arctos horribilis), a threatened species in
Alberta, were snared. The Canadian Wildlife Health Cooperative
received 157 submissions of non-target snare captures between
1990 and 2014, representing 8 species of mammals and 8 species of
birds (Table 1). Again, this probably represents a small proportion
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of the snared animals that die and go undetected or unreported by
people. Non-target captures included a wolverine (Gulo gulo) and a
Canada lynx (Lynx canadensis), which are designated species at risk
in Quebec (Fortin et al. 2005) and Nova Scotia (Nova Scotia Lynx
Recovery Team 2006), respectively.

DISCUSSION
Currently available manual and power killing neck snares do
not meet the AIHTS’ humaneness standards (although these
standards do not apply to snares), or Proulx and Barrett’s (1994)
standard. The work conducted by FPCHT (1981) and Proulx and
Barrett (1990) conﬁrmed the original concerns of some wildlife
biologists (e.g., Guthery and Beasom 1978) about the cruelty of
killing neck snares, and it gives credibility to the recurrent reports
of moribund, snared wild and domestic animals rescued by the
public (e.g., Perkel 2004; McShane 2014). Neck killing snares with
one-way locking tabs were made illegal in the United Kingdom in
1981 (Wildlife and Countryside Act 1981). Killing snares are not
used to catch any of the 11 AIHTS species found in the European
Union (Talling and Inglis 2009). They are, however, still being
used in some US states (Association of Fish and Wildlife Agencies
Furbearer Conservation Technical Work Group 2009) and Russia
(Talling and Inglis 2009).
The poor performance of manual and power killing neck snares
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at killing canids was demonstrated in scientiﬁc studies where stateof-the-art equipment and set procedures were employed. On
traplines, however, many trappers see little or no value in improved
locks and swivels (Figure 4) because their snares catch the target
animals anyway, albeit in an inhumane manner. Also, trappers are
not legally required to update their equipment. In some provinces,
e.g., Saskatchewan, killing snares must be visited within a certain
period of time, i.e., 48-72 h depending on the proximity from
urban areas. In British Columbia, killing snares must be checked
at least once every 14 days. In Alberta, there are no mandated
checking times for snares. Consequently, snared animals can die
slowly from their injuries, but also from exposure, exhaustion,
dehydration, or starvation.
The ISO standards are the result of compromises between
participating governments and agencies, and they may not be
stringent due to a lack of will among some participants to either
pursue further technological development or implement stateof-the-art technology (G. Proulx, personal observations at ISO
meetings in Brussels, Belgium). Nonetheless, killing neck
snares impact significantly on the welfare of captured animals,
in a manner similar to that of steel leghold traps, which have
been judged unacceptable at the international level (Proulx and
Barrett 1989). It is therefore diﬃcult to understand how killing
neck snares became an exception in A IHTS’s standards,

Figure 4. Basic manual killing neck snare set on a canid trail in northwestern Saskatchewan, February 2009. Note the absence of all possible
improvements (e.g., locking tab, lock with compression spring, and swivel) (Photos: Gilbert Proulx).
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particularly because alternative restraining devices are available
for capturing canids such as modified foothold traps and foot
snares (Proulx et al. 2012) and cable restraints (Garvey and
Patterson 2014.) These alternative trapping devices were found to
be humane for capturing canids without compromising capture
eﬃciency (Linhart and Dasch 1992; Pruss et al. 2002; Garvey
and Patterson 2014). Even these restraining devices should, of
course, be monitored within a 24-h period to minimize pain
and discomfort. Reducing the time animals spend in restraining
devices greatly reduces injuries (Proulx et al. 1994; Garvey and
Patterson 2014).
The snaring of non-target species can be minimized with the
use of an additional wire (diverter) placed at a height that allows
ungulates taller than the set height of a wolf snare to contact and
push the snare away prior to contact (Gardner 2010). Snares may
be equipped with a ferrule to stop the noose from closing below a
speciﬁc size (Guthery and Beasom 1978), or a breakaway system
that releases larger animals such as adult ungulates, though they
may still capture fawns (Phillips 1996). Snaring may become
more selective through better selection of trap sites, lures, and
loop diameters (Knopff et al. 2010; FTGQ 2014). In spite of
all this, however, non-target species will continue to be snared
because concealed snares are set on trails or close to baits that
attract an array of species and have the potential to capture any
individual entering the loop.
In light of the scientif ic evidence regarding the lack of
humaneness and the non-selectivity of snares for capturing
canids, we recommend that the relevant authorities in the
international community:
t.PEJGZ"*)54UPBDDFQUPOMZLJMMJOH DPNNFSDJBMBOEOPO
commercial) neck snares that quickly render canids irreversibly
unconscious, insofar as the state of the science or the art will
allow; and
t*OUIFBCTFODFPGLJMMJOHOFDLTOBSFTUIBULJMMRVJDLMZ QIBTF
out all snares for which eﬃcient and more humane alternatives
exist.
If wildlife managers believe that killing neck snares must
remain available to trappers, then intensive research must be
conducted to develop reliable and selective sets to consistently
snare canids by the neck (Proulx and Barrett 1990) and to
minimize non-target capture, and a thorough research program
with strict assessment criteria must be implemented (Proulx et al.
2012).
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Chapter 30

Animal Welfare Issues Pertaining
to the Trapping of Otters for Research,
Conservation, and Fur
Thomas L. Serfass, Lesley Wright, Kelly Pearce, and Nicole Duplaix

30.1

Introduction

Legal trapping of otters is conducted for research (e.g., to equip individual animals
with radio transmitters) and applied conservation (e.g., to obtain individuals for
reintroduction projects) and for utilitarian purposes (i.e., the fur industry for some
species). Until relatively recently, standards defining the most appropriate traps in
relation to animal welfare for wildlife caught for utilitarian purposes (wildlife species killed for fur have become generically referred to as furbearers, a term that will
be used hereafter) were poorly established. Trapping was usually subject to regulations imposed by individual wildlife management jurisdictions [e.g., state and provincial wildlife agencies in the United States of America (USA) and Canada,
respectively]. Canada, Russia, the European Union (EU), and USA are involved in
collaborative, ongoing efforts to develop and implement standards for what ostensibly constitutes “humane trapping.” The motivation for developing trapping standards seems largely a response by Canada, Russia, and the USA (the three top wild
fur-producing countries; Animal Legal and Historical Center 2010) to overcome
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legislation passed by the European Union in 1991 (Regulation 3254/91). This legislation bans the import of wild fur from countries allowing the use of leghold traps
[now often referred to as “foothold trap,” a semantical adjustment presumably
adopted to depict trapping less harshly (i.e., more humanely) than “leghold trap.”
Leghold traps are banned in at least 80 countries (Fox 2004)].
Two agreements ratified by the EU council in 1998 [the first with Canada and
Russia—“Agreement on International Humane Trapping Standards” (AIHTS)] and the
other as a separate agreement with the USA [incorporating comparable standards as
AIHTS, but in the form of “Best Management Practices for Trapping” (BMPs);
Association of Fish and Wildlife Agencies (AFWA) 2006] through an agreed “Minute,”
which is nonbinding—i.e., apparently there are no penalties or enforcement to ensure
standards are met) resulted in an exemption for Canada, Russia, and the USA. This
enabled continued export of fur from wild-caught furbearers and use of leghold traps
during an undefined evaluation period to assess humane issues pertaining to leghold
and other traps (United States Department of Commerce 1997; Iossa et al. 2007; Proulx
et al. 2012). These agreements brought about the first attempt to establish international
standards [i.e., through the International Organization for Standardization (ISO)] to
define what constitutes “humane” for traps within certain general trap-type categories
(Harrop 2000; Princen 2004). Unanimity was not achieved on what constitutes key
thresholds for traps regarding the extent of injuries caused by traps intended to restrain,
but not kill, an animal and the time required for an animal to become unconscious when
caught in traps designed for killing. However, a process was established to define performance of a trap (safety for the trapper and efficiency in capturing target species), to
assess trauma related to physical injuries caused to animals caught in traps designed for
restraint, and killing efficiency for traps designed to kill. Stress-induced trauma endured
by a trapped animal currently is not a part of ISO welfare standards for trapping (Iossa
et al. 2007). Fundamental to these agreements is that mandatory testing be conducted
to determine if traps conform to standards established under AIHTS and BMPs for a
particular species (i.e., become certified as acceptable under the agreement). Through
the agreements, traps failing to meet agreed standards are expected to be phased from
use. However, traps not meeting standards are permitted to remain in use if there are no
alternative traps certified for the target species. This presumes that trap research continues with the intent of identifying a trap or traps that meet certification requirements.
Trap standards are at various stages of completion (depending on species) (e.g., Fur
Institute of Canada 2015), but design of trap testing protocols and evaluation of trap
performance appear in some cases to be largely at the discretion of authorities responsible for managing furbearer trapping, with minimal external review. Specific details
for outcomes of trap performance assessments are not readily available in the USA and
have not been subjected to meaningful, external peer review. In contrast, Canada has
published a variety of outcomes from trap testing and, along with Russia, has phased
out the use of “traditional” leghold traps (Proulx 1999; AIHTS 2012).
The North American river otter (Lontra canadensis; hereafter river otter) serves
particularly well for discussing traps and trapping systems in relation to animal welfare
issues pertaining to otters in general for both research, and conservation and fur trapping—particularly in reference to populations in the USA. The river otter has received
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considerable conservation/research attention [predominantly in the USA where reintroduction projects involving live-trapping (i.e., the intention is for the trapped animal
to be alive post-trapping event) and translocations of individuals from areas with viable
populations have taken place in 22 states to restore extirpated populations]. The USA
and Canada both kill substantial numbers of river otters each year for the fur trade, but
Canadian populations did not suffer declines to the extent of those in the USA and have
thus received less research/conservation attention based on live-trapping. The Eurasian
otter (Lutra lutra) has received extensive research attention (see Kruuk 2006 for a
review), but relatively few studies have been based on live-trapping (Fernandez-Moran
et al. 2002; Ó Néill et al. 2007). Other species of otters generally have received little
research attention or, as with the Eurasian otter, live-trapping has not been part of most
studies. Paucity of live-trapping studies for otters outside of North America (NA)
likely is related to greater concern for animal welfare regarding trapping and restrictions on the use of leghold traps. Hence, the following review of animal welfare issues
pertaining to live-trapping for research and conservation focuses on the river otter in
the USA, using examples from other species when applicable; those pertaining to fur
trapping exclusively focus on the river otter in both the USA and Canada.

30.2

Types of Traps and Animal Welfare Standards

Traps considered for AIHTS agreements are placed in two general categories: (1)
restraining traps and (2) killing traps. Restraining traps are designed to restrict a
captured animal’s movements and include leghold traps, modified leghold traps,
powered and non-powered snares, and cage-type traps.
Among killing traps, rotating-jaw traps, which have spring-powered jaws that
when triggered close forcibly across the body (the neck or chest is intended) of the
trapped animal, have received considerable attention regarding animal welfare considerations pertaining to trapping (Proulx 1999; Proulx et al. 2012). However,
restraining traps (leghold traps, and non-powered and powered snares) are also
sometimes classified and used as killing traps, typically by setting the trap in a manner that will drown the captured animal (AFWA 2006). Drowning sets are typically
used to kill semiaquatic mammals, including the river otter.

30.3
30.3.1

Restraining Traps
Leghold Traps

This type of trap is manufactured in a variety of configurations and sizes (Proulx
1999). The basic design of all leghold traps is the same, being comprised of two
metal jaws that are held open at 180° by a triggering mechanism when set and clamp
together (to grasp the trapped animal’s limb) at 90° in reference to the set position
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a
Pan

Lever

Spring
Dog
Jaw

b
Rubber
padding

~13 cm

Fig. 30.1 Examples of coil spring leghold traps: (a) unmodified and (b) modified with rubber
padding on inner surface of jaws (“padded jaw” or “Soft Catch™”). The traps are displayed in the
“set” or “open” position. Primary components of a leghold trap are depicted on the image of the
unmodified leghold trap (see AFWA 2006 for a review of the function of the trap components)

when sprung. The jaws of the trap and triggering components (the pan and dog) are
comparable for all types of leghold traps (Fig. 30.1). Leghold traps are now manufactured as two types: coil spring traps (two coil springs each cause a lever to move
upward, closing the trap’s jaws) and longspring traps (depending on the style, either
one or two longsprings close the jaws of the trap). When referring to a leghold trap,
the type of trap (i.e., coil spring or longspring) is preceded with a number—usually
from one to four—with smaller numbers indicating traps with smaller jaw spreads
(i.e., distance between the inner sides of the jaws when the trap is set) (e.g., a No. 2
coil spring or No. 11 longspring). (Note: A No. 11 longspring trap and No. 1 longspring trap have the same jaw spread, with the No. 11 denoting the trap as having two
longsprings and the No. 1 indicating the trap as having a single longspring, a convention applied to denote the use of one or two springs for all sizes of longspring traps.)
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Modified Leghold Traps

These traps are configured and function identically to the leghold trap (see Proulx
1999), but the jaws are modified in a manner intended to increase efficiency (i.e.,
minimize the rate at which a captured animal pulls free of the trap) and minimize
injury to the trapped appendage. Modifications to the jaws include the following: (1)
laminated—an additional strip of metal is welded to the top and/or bottom of each
jaw; (2) double jaws—each outer jaw (traditional jaw) is paired with a smaller, inner
jaw; (3) offset jaws—the striking surface of the jaws is not in contact when closed
[i.e., there is a space (offset) of 3–6 mm between the jaws of a closed trap]; and (4)
padded jaws—rubber padding is inserted between the jaws (Fig. 30.1b).

30.3.3

Cage Traps

Traps constructed of wire-mesh framing with one or two doors. These traps are
available in various dimensions, with the dimensions of a trap used dependent on
the species intended to be trapped. Animals are captured in this trap by entering
through doors and then stepping on a trigger, which causes the door(s) to close.
These traps are analogous in design to box traps.

30.3.4

Snares

Snares are lengths of stranded steel cable configured into a loop that captures an
animal by tightening over its neck, body, or limb. Tightening of the loop around the
animal is accomplished either passively (i.e., non-powered snare—the loop is tightened by the movement of the animal) or actively (i.e., powered snare—tightening of
the loop is initiated by a spring-powered device activated by contact with the animal). Snares used with the intent of restraining an animal by the neck should have
“stops” designed to prevent excessive tightening of the cable to reduce the chance
of asphyxiating captured individuals.

30.3.5

Suitcase-Type Traps

These are large traps originally designed for American beavers (Castor canadensis).
The Hancock Live Trap (Fig. 30.2) and the Bailey Beaver Live Trap are specific
types of traps within this category that have been evaluated for use in capturing river
otters. Both traps have large movable metal frames covered in chain-link material
that close around an animal [i.e., an animal is captured within, not between, the trap
jaws—the Hancock trap has a single movable (closing) jaw, whereas both jaws of
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a

Wiring

Movable
frame
(closing)
Spring
Spring
Pan

Wiring
120 cm
(length)
2.5 × 2.5 cm
fencing
Fixed
frame

Latch

Latch

b

~90 cm
(width)

Angle
iron

Fig. 30.2 A Hancock trap as modified by Serfass (1984) to lay flat in the “set” or “open” position
(a) and the trap in the closed position (b). The trap is held flat in the open position by affixing a
length of angle iron along the back of the trap [note: The movable frame (closing side) of an
unmodified Hancock trap is at an angle of about 130° to the fixed frame (non-closing side) when
the trap is in the set position]. To minimize chances of river otters escaping, Melquist and Hornocker
(1979) recommended (1) adding springs on the inner side of “latches,” which are intended to prevent a captured animal from forcing open the movable side of the opening (the springs better
ensure that latches remain over the frame of the movable sides of a closed trap) and (2) using wire
to close gaps along the margins of the trap frame. A further modification to prevent escape or injury
of a captured river otter involves covering the 5 × 10-cm wire grid on the fixed side of the trap
frame with vinyl coated 2.5 × 2.5-cm welded wire fencing (Serfass 1984)
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the Bailey trap are movable and close simultaneously]. The Bailey trap has been
shown to be ineffective in capturing river otters (Northcott and Slade 1976).

30.4
30.4.1

Killing Traps
Rotating-Jaw Traps

Also commonly referred to as bodygrip, bodygripping, or Conibear™-type traps,
these traps have two rotating jaws powered by one or two springs (Fig. 30.3). As
with leghold traps, numbering associated with these traps is a reference to the size
(inner distance between jaws) of the trap, with a smaller number indicating less
distance between the jaws (e.g., 110 Conibear, 220 Conibear, and 330 Conibear
represent traps of progressively increasing distance between the jaws). Animals
entering an open trap are intended to be killed when the jaws forcefully close and
crush a vital region of the body—for the most humane death as possible, the preferred areas intended to be struck by the jaws are the neck or upper chest.

30.4.2

Killing Snares

Killing snares are configured in the same manner as snares used for restraint, and
the loop likewise becomes tightened around an animal either passively or actively.
However, snares designed to kill are intended to capture an animal around the neck

Spring

Jaws

Trigger
Spring

~29
cm

Fig. 30.3 A 330 rotating-jaw trap (also called bodygrip, bodygripping, or Conibear™-type traps)
in the closed (not set) position. This type of trap is intended to quickly kill a captured animal and
is frequently used by trappers to capture river otters for fur (Responsive Management 2015a)
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and do not have stops to restrict tightening of the loop. Thus, the loop continues to
tighten as the animal struggles until it is asphyxiated. Powered killing snares also
kill by asphyxiation, but the snare tightens more quickly, ideally causing a quicker
death. (Note: Stops can be used to limit closure of the loop to a circumference that
minimizes capture or harm to smaller, nontarget species.)

30.4.3

Drowning (or Submersion) Traps/Sets

Leghold traps and snares can be set in a manner to drown animals captured in or
near the water (AFWA 2006). Traps are either set underwater (at a depth that prevents the captured animal from reaching the surface) or along the shoreline (attached
to a cable that leads the trapped animal into water deep enough to keep it from
reaching the surface).
Note: Proulx (1999) and Iossa et al. (2007) provide extensive and detailed reviews
of animal welfare for restraining and killing traps used to capture mammals. In BMPs
for trapping in the USA (AFWA 2006), the AFWA explains trap components and
trapping setting techniques for capturing furbearing animals. The information in these
documents provides an important basis for developing insight necessary to inform
discussion pertaining to animal welfare issues related to trapping wild mammals.

30.5

Animal Welfare and Trapping

Establishment of animal welfare standards for trapping has developed through the
use of standardized scores for injuries sustained by individuals captured in restraining traps. These scores are based on the ISO trauma scale (ISO 10990-4 1999),
which is categorized into four levels for each injury sustained:
Mild trauma (scores range from 2 to 10 points—injuries such as claw loss and
abrasions)
Moderate trauma (scores range from 25 to 30 points—injuries such as loss of
single digit and eye laceration)
Moderately severe trauma (a score of 50 points—injuries such as loss of two
digits and a simple fracture below the carpus or tarsus)
Severe trauma (a score of 100 points—an injury such as loss of three or more
digits to resulting in death)
A composite score of individual’s injuries is used to assess if a trap meets appropriate welfare standards (see Iossa et al. 2007, for an extensive review of animal
welfare standards based on scoring of trap-caused injuries following the ISO trauma
scale). To achieve AIHTS, killing traps are expected to cause death in ≤5 min for
70% of trapped individuals for the species being evaluated. However, Proulx et al.
(2012) and Proulx and Rodtka (2015) argue that ≤3 min should be applied as the
minimum standard for time until death (irreversible unconsciousness). Time until
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death of animals caught in drowning sets is dependent on the onset of hypoxia,
which typically will be a prolonged period (i.e., potentially much longer than the
≤5 min standard established for death of animals captured in killing traps) for the
semiaquatic mammals typically targeted by trappers using this method of trapping
(Gilbert and Gofton 1982; Iossa et al. 2007).
Animal welfare issues associated with fur trapping—especially the use of leghold traps—have been the primary motivation for the development of trapping standards. Nonetheless, projects that involve the live-trapping of wild animals for
research and conservation purposes often involve the same types of traps used by fur
trappers and likewise deserve scrutiny to understand, and mitigate, the effects on the
animals during capture and handling. Outcomes of research and conservation projects likely will be enhanced when traps and trapping procedures are efficient and
cause minimal injury to captured individuals (e.g., less time and expense associated
with capturing an appropriate number of animals to fulfill project objectives and in
rehabilitating injured animals). Hence, in addition to what should be direct concern
based on animal welfare, project investigators are also motivated by practical issues
related to ensuring the well-being of live-trapped animals in relation to intended
research or conservation outcomes. In contrast, the intent of fur trappers is to kill
trapped animals for the pelt or other products derived from the carcass—i.e.,
although there may be a humanitarian concern to reduce suffering to the trapped
animal, there is no practical motivation for a fur trapper to be concerned about injuries incurred to an animal during trapping unless the injuries somehow impact the
value of the fur or other products. In fact, in the absence of regulation, practical
issues would dictate that fur trappers adopt the most efficient trapping methods—
those yielding the highest capture rates at the least expense—in lieu of animal welfare concerns. This dichotomy in practical issues between live-trapping for research/
conservation and trapping for fur serves to emphasize an important reason, in addition to the fact that live-trapping for research/conservation purposes is conducted
much less frequently than trapping for fur, that establishing animal welfare standards for trapping has been focused on fur trapping.

30.6

Live-Trapping Otters for Research and Conservation

Although killing traps may be used to lethally collect specimens for research purposes, the focus of this section is directed toward the use of restraining traps to
livetrap otters (animal welfare issues related to using kill traps are discussed in the
ensuing Sect. 30.9 “Trapping River Otters for Fur”). A variety of restraining traps
and associated trap-setting procedures have been assessed for use in live-trapping
river otters, and sometimes these methods have subsequently been applied and
refined to livetrap other otter species [e.g., for reintroducing the Eurasian otter into
Spain (Fernandez-Moran et al. 2002) and reintroducing the Eurasian otter into the
Netherlands (Koelewijn et al. 2009)]. Animal welfare concerns for live-trapping
wild animals should necessarily apply not only to the traps used but to how traps are
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set, how procedures are used to restrain animals for removal from traps, and the
immediate post-trapping handling of animals (hereafter this collective is referred to
as the “trapping system”). Various leghold traps and HancockTM traps have primarily been used for trapping river otters for research/conservation purposes, with
results of the applications and outcomes (e.g., trap-setting procedures, review of
injuries, and capture rates) published in various formats. In contrast, there are no
peer-reviewed assessments of injury rates for other traps that could potentially be
considered for use in live-trapping river otters (e.g., cage traps and snares), although
cage traps have been used in studies requiring the live-capture Cape clawless otters
(Aonyx capensis) (Van der Zee 1982; Arden-Clarke 1986) and spotted-necked otters
(Hydrictis maculicollis) (Perrin and Carranza 1999). The following review focuses
on published cases of various traps used to live-trap river otters, with respect to
injuries and the trapping systems employed, but also includes mention of trap types
that may theoretically be used but which have not been frequently used or evaluated
for use with river otters or other otter species. This discussion of traps may have
similar merits and/or liabilities for otters species other than river otters.

30.6.1

Leghold Traps

Serfass et al. (1996) compared injuries caused to teeth, feet, and legs of river otters
captured using No. 1.5 coil spring traps with padded jaws (hereafter padded trap;
Fig. 30.1b) with one factory spring replaced with a No. 2 spring (captured in
Pennsylvania by authors and Maryland by personnel of the Maryland Department
of Natural Resources; n = 38), No. 11 longspring traps (captured in Louisiana by a
supplier licensed to capture and sell river otters; n = 17), and various unidentified
types of leghold traps (captured in Michigan, New Hampshire, and New York by
private trappers; n = 29) for a river otter reintroduction project. Trap-setting techniques were similar for No. 1.5 coil spring traps with padded jaws and No. 11 traps
{traps were set and anchored in the water [anchor (i.e., the trap attachment)]}. Traps
were attached with a segment of chain typically 1.5 m in length, enabling river
otters to swim while captured (see Serfass et al. 1996, for details and precautions
associated with this trap-setting technique to avoid drowning captured animals). In
contrast, trap-setting procedures followed by private trappers are poorly reported,
but traps were presumed to be primarily set and attached on the shoreline (i.e., not
in the water as Serfass et al. 1996). Few severe injuries to limbs occurred among
river otters captured in padded traps [1 (4%) had an injury requiring an amputation
(a single digit) in comparison to amputations in 12 (71%; ≥1 digit) and 9 (37.5%;
≥1digit (n = 7), a foot, and a leg) river otters caught in No. 11 traps and by private
trappers using unspecified traps/trap-setting techniques, respectively]. River otters
caught in padded traps and No. 11 traps sustained fewer, and less severe, dental
injuries than those obtained from private trappers. Regardless of trap type, injuries
(to appendages and the teeth) sustained by juvenile river otters were much less than
for adults (Serfass et al. 1996).
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A study in coastal Alaska used No. 11 double-jaw longspring traps set on land
(anchored with trap chains ≤70 cm in length) to live-capture 30 river otters (Blundell
et al. 1999). This project used a trauma scale developed by Olsen et al. (1996) and
Jotham and Phillips (1994) to score injuries to the teeth and appendages [scores for
an individual could range from 0 (no injuries) to 100 (death)] but did not provide
details of specific injuries contributing to scoring or the number of individuals
acquiring injuries to the teeth and/or appendages. Traps were monitored a minimum
of two to three times daily—a transmitter was attached to traps, and this was activated when traps were sprung. The scoring system and number of daily trap checks
present a challenge for meaningful comparison with Serfass et al. (1996), who used
different metrics to quantify injuries, and traps were checked once daily. More frequent trap checks may reduce frequency and extent of injuries by minimizing time
an animal is restrained by a trap. Five (17%) of the river otters captured in No. 11
double-jaw traps by Blundell et al. (1999) attained serious injuries to appendages,
whereas only one (3%) of those caught in padded traps by Serfass et al. (1996)
would have been scored as having a serious injury. Injuries to the teeth considered
serious were low in Blundell et al. (1999) and also likely to be low for Serfass et al.
(1996), but actual comparison is not possible because of the different scoring systems followed by the respective projects. Melquist and Hornocker (1979) captured
nine river otters in leghold traps [five captures in No. 2 coil spring traps and four
captures in No. 3 jump traps (no longer manufactured to our knowledge)]. Injuries
to river otters caught in No. 2 coil spring traps were described as minor (no details
provided), but escape rates were reportedly high. Two of the river otters (both juveniles) caught in No. 3 jump traps sustained broken hind limbs (the bones broken
were not reported).

30.6.2

Hancock Trap

The Hancock trap was originally designed for live-trapping American beavers.
Northcott and Slade (1976) and Melquist and Hornocker (1979) described important modifications necessary for the trap to be suitable for river otters (i.e., to prevent escape). Two further modifications were made by Serfass (1984): the first
enabled the trap to lay flat for concealment when set in shallow water (as manufactured the movable side of the trap is at an angle to the fixed side), and the second
involved covering the fixed side of the trap (comprised wires spanning opposing
sides of the trap frame to form a rigid 5 × 10-cm grid) with vinyl coated 2.5 × 2.5cm welded wire fencing (Fig. 30.2a, b). When constrained, river otters often vigorously attempt to escape by scratching or biting to breach any perceived weak areas
in a cage, cage-type trap, or other confinement, potentially causing injury to forepaws and teeth. The spacing of wires on the fixed side of the trap created a grid
comprised of openings likely large enough to become the focus of escape efforts by
river otters (the head of most river otters will fit through a 5 × 10-cm opening),
which was overcome by the second modification. Also, when set flat in shallow
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water [made possible by the first modification suggested by Serfass (1984)], the
fixed side of the trap is not exposed to a captured animal, and although exposed, the
chain-link on the (closing) movable side of the trap compresses and is thus less
likely to cause teeth damage if bitten (Fig. 30.2b). The chain-link of the movable
side of a Hancock trap [the top of the trap when closed as configured by Serfass
(1984)] can expand upward to about 30 cm from the bottom of the trap. Care must
be taken to monitor changes in water levels to ensure that the top of the trap remains
above the surface (i.e., to avoid drowning a trapped animal).
Melquist and Hornocker (1979) tested a variety of traps and considered a properly modified Hancock trap the most favorable for use with river otters—there was
no mention of occurrence of injuries (or lack thereof) among 21 captures, which
included 2 adult-sized river otters captured simultaneously. In Blundell et al.’s
(1999) comparison of Hancock traps and No. 11 double-jaw leghold traps for capturing river otters (n = 11 for Hancock traps, and n = 30 for leghold traps), serious
injuries to the teeth occurred much more frequently in Hancock traps, but serious
injuries to appendages were higher for leghold trap (no injuries to appendages
occurred in river otters caught in Hancock traps versus about 17% in those caught
in leghold traps). In contrast, Serfass (1984) indicated no injuries to six river otters
captured in Hancock traps modified as described by Melquist and Hornocker (1979)
and Serfass (1984). Dental injuries reported by Blundell et al. (1999) may have
occurred because modifications were not made to the fixed side of the Hancock trap.
In comparison to leghold traps, Hancock traps have received limited use and evaluation for live-trapping river otters, possibly fostered by the somewhat negative
evaluation by Blundell et al. (1999). The much larger size, higher cost, and limited
availability of the Hancock trap (in comparison to leghold traps) also present various
practical limitations to its use. Another practical concern relates to the potential for
larger animals (including people and pets) to accidentally trigger and be injured by
being caught between the frames of the hard-closing trap. Likewise, there is potential
for otters to be caught between the frames of this trap, especially if >1 otter visits the
trap site. Regardless, the virtues of the Hancock trap for live-capturing river otters
[e.g., no injuries when modified as reported by Serfass (1984) and good capture
efficiency reported by Melquist and Hornocker (1979) and Blundell et al. (1999)]
merit its further evaluation, particularly as an alternative for live-trapping river otters
or other otter species in areas where use of leghold traps is limited or prohibited.

30.6.3

Other Traps

Various types of leghold traps and the Hancock trap are the only traps used with any
regularity for live-capturing river otters. Other traps that have potential for use with
river otters have either had limited or no evaluation. In addition to leghold and
Hancock traps, Melquist and Hornocker (1979) also conducted brief evaluations of a
powered foot snare and several cage-type traps (one from a trap manufacturer and
three constructed specifically for the project: culvert, barrel, and floating traps) but
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reported little meaningful information on capture or injury rates. Cape clawless otters
and spotted-necked otters have been successfully captured in what were described as
“standard carnivore traps” (800 × 800 × 1400 mm cage traps with a single door) [Van
der Zee (1982) and Arden-Clarke (1986)—capture of Cape class otters; Perrin and
Carranza (1999)—capture of spotted-necked otters]. No information was provided
on injuries or lack thereof to the captured animals. To our knowledge, body/neck
snares have not been evaluated with live-capturing river otters. Severe injuries caused
to wolves (Canis lupus) and coyotes (Canis latrans) caught in neck/body snares suggest that extreme caution should be used in developing protocols for evaluating the
suitability of snares or any other untested traps to livetrap otters. Concerns for snaring these species have been raised by Proulx and Rodtka (2015) and Proulx et al.
(2015), and general concerns for animals captured in snares were raised by Rochlitz
(2010). Cage-type traps have been successfully used to capture a variety of carnivore
species with minimal or no injury and deserve further research attention to determine
if otters can be captured efficiently and relatively unharmed using this type of trap.

30.7

Restraint of Captured Otters for Release from Traps

Development and refinement of protocols for efficiently reducing stress and injury to
captured animals being released from traps are sometimes overlooked as a component of the trapping system. Restraining an animal for release from a trap is accomplished either by physical or chemical restraint (delivery of a drug, i.e., a chemical
immobilant) to enable handling of an animal. Physical restraint is any approach that
confines the movement of an animal—a trap represents a physical restraint, but the
term is most often applied to devices used to further restrict the movement of an
animal restrained in a trap. Physical restraint should facilitate either the direct release
of a trapped animal or delivery of a chemical restraint to immobilize the animal for
release from the trap and to enable subsequent evaluations (e.g., physical examination, ear tagging, or transport to a captive facility). Methods to physically restrain
river otters while captured in live traps will be the focus of the ensuing discussion.

30.7.1

Leghold Traps

Techniques for physically restraining river otters captured in leghold traps necessarily vary by trap-setting technique. Shirley et al. (1983) and Serfass et al. (1996)
describe the use of long-handled nets to restrain river otters captured in leghold traps
attached to chains (typically 0.6–1.25 m in length, but potentially longer) anchored
in the water. River otters had limited access to the shoreline but were able to swim
within the radius of trap chains and the captured animals were netted while in the
water. The use of nets for physical restraint necessitates evaluation as to whether the
structure of netting will cause the trap restraining an animal to become entangled in
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Fig. 30.4 Hold-down device used to physically restrain river otters captured in leghold traps.
Trapped river otters initially are restrained in nets the netted river otter is further restrained with the
hold-down device to better enable delivery of chemical restraint (see Serfass 1984; Serfass et al.
1996). The hold-down device is constructed of polyvinyl chloride (PVC) pipe (wood and metal
framing also have been used) surrounding vinyl coated chain-link fencing. Handles of hold-down
device detach for transport

the net. Such entanglement may result in injury and additional stress to a captured
animal. The likelihood of a trapped animal becoming entangled in a net will vary
based on construction of nets (e.g., fibers used, the thickness of those fibers, and
mesh size—an assessment is easily accomplished by placing leghold traps inside
various netting to determine if entanglement occurs). Serfass et al. (1996) describes
a process for bringing the netted animal to the shoreline and application of a second
form of physical restraint (use of a hold-down device; Fig. 30.4), for quick, efficient,
and safe (for the animal and investigator) delivery of a chemical immobilant.
The use of capture poles (e.g., Ketch-AllTM poles, San Luis Obispo, California
93401, USA) is common for restraining animals captured in leghold traps but has
limited application for river otters—the circumference of a river otter’s neck tends to
be larger than that of the head (particularly in adults) and, unless excessively tightened, the noose of the capture pole generally will slip off the head. In lieu of physical
restraint, Blundell et al. (1999) successfully delivered darts with chemical restraint
through a blow gun, and Fernandez-Moran et al. (2002) also used such an approach
for delivering chemical immobilants to Eurasian otters captured in No. 1.5 padded
traps. Remote delivery of chemical immobilants reduces stress and potential injury
that could be contributed by physical restraint, but consideration should be given for
the possibility for an animal becoming free of the trap following delivery but before
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being restrained by the chemical immobilant. Such scenarios were not reported by
either Blundell et al. (1999) or Fernandez-Moran et al. (2002), but should be considered, and would be of particular concern for otters, which if escaping the trap would
likely enter the water and potentially drown after the drug takes effect.

30.7.2

Hancock Live Traps

Chemical immobilants can easily be delivered to animals captured in Hancock traps
by injecting with a hand syringe (hand injection) through the chain-link mesh on the
movable side of trap (Serfass 1984; Blundell et al. 1999). Movement of a trapped
animal can be further restricted to better facilitate injection by compressing the chainlink comprising the movable side of the trap (i.e., the investigator will stand on the
chain-link on opposing sides to the animal in a manner that confines but does not exert
excessive downforce). Serfass (1984) set Hancock traps exclusively in shallow water
and recommends that traps be pulled from the water prior to delivering chemical
restraint to the captured animal to prevent it from ingesting water during induction.

30.8

Concluding Comments: Live Traps

Meaningful comparisons of outcomes of the relatively few reports of live-trapping
river otters are a challenge. There seldom have been direct comparisons of traps where
associated trapping systems have been controlled, including periods between trap
checking. For example, the live-trapping study conducted by Blundell et al. (1999)
occurred in an area (coastal Alaska) that enabled use of transmitters to remotely determine if traps were sprung, which facilitated monitoring each trap site at least two or
three times a day. In contrast, Serfass et al. (1996) conducted their live-trapping study
in northeastern Pennsylvania where trapping sites were widely distributed across the
landscape, which logistically limited checking traps sites to once every 24 h. In such
cases disparities in trap-check frequency may have influenced outcomes as much or
more than the trap and trapping system applied. For example, longer times between
the checking of traps could correlate positively with more injuries. Regional difference in environmental conditions and associated difference in trapping conditions
could likewise compromise meaningful comparisons of traps and trapping systems.
Because of the large number of wild river otters captured for reintroduction projects in the USA (>4000; Bricker et al. 2016), there may be an impression that techniques for live-trapping the species are well established. However, the majority of
the animals used for reintroduction projects were captured in southern Louisiana
through arrangements with an individual licensed to trap and sell river otters. Hence,
there were no assessments of mortality rates, injuries that prevented sale of otters
for reintroduction, or, with the exceptions of Serfass et al. (1996), assessments of
injuries sustained by animals that were reintroduced. Hancock traps have been used
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infrequently, even though a few assessments of this trap indicated its potential for
use in live-trapping river otters. Clearly more rigorous studies are needed for assessing both practical and animal welfare issues for traps and trapping systems most
appropriate for use in live-trapping river otters.
Outcomes of live-trapping studies conducted in the USA and the few studies
conducted elsewhere (e.g., Fernandez-Moran et al. 2002; Koelewijn et al. 2009) can
serve as a basis for assessing best methods to livetrap other species of otters.
However, researchers should understand that physical and behavioral differences of
other otter species could affect responses to being trapped and be open to investigating potentially new and more innovative approaches for live-trapping otters.
Researchers investigating other species of otters also should be certain that livetrapping studies are designed in a manner that enables meaningful comparisons of
the traps and trapping systems being evaluated.
The development of noninvasive techniques for otters [e.g., camera trapping
(Stevens and Serfass 2008) and extraction of DNA from feces (Fike et al. 2004;
Beheler et al. 2005) and hair (Depue and Ben-David 2010)] has limited the need for
more invasive field techniques that may cause physical harm and stress to animals,
such as live-trapping. Regardless, the use of radiotelemetry remains an important
part of many studies of wild animals and provides insight about animal behaviors
and movement patterns not always assessable by noninvasive techniques. Conducting
radiotelemetry studies is inherently dependent on capturing and handling individual
animals to attach transmitters, which argues for the continued use of live-trapping
of wild animals (including otters) for some field investigations. In the case of otters,
live-trapping is in need of further refinement (for species that previously have been
livetrapped) and development through appropriately designed studies for species
that have not been the focus of studies involving live-trapping.

30.9

Trapping River Otters for Fur

Killing otters to obtain their pelts for the fur trade is an international venture undertaken legally and illegally, depending on species and geopolitical jurisdiction. Illegal
methods of killing otters will vary based on what is most expedient for perpetrators.
Illegally killing of otters in some parts of the world is considered to be severely
impacting populations of some species [e.g., populations of otter species inhabiting
southeastern Asia are believed to be declining because of intense demand for their
pelts in China (Foster-Turley and Santiapillai 1990; Gomez et al. 2016)]; but few
details are available regarding the extent of the illegal trade or approaches used to
kill otters. Regardless, individuals involved in the illegal killing of otters (or any
wildlife) are not going to adhere to any prescribed standards of animal welfare.
Legal killing of otters presumes some standards are in place to limit depletion of
populations [e.g., regulations for periods when killing can occur (closed seasons) and
number of individuals that can be killed (quotas)] and to limit pain and suffering. Of
the world’s 13 species of otters, all are listed as Convention on International Trade in
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Endangered Species of Wild Fauna and Flora (CITES) Appendix I or II because of
respective concerns of endangered or threatened conservation statues, except for the
river otter, which is listed under Appendix II as a “look-alike species” (A designation
for a species legally part of international trade that is of similar appearance to one
or more species not legally traded. Hence, the designation serves as a precaution
against inclusion of specimens or parts of a protected species from being illegally
exported by being posed as those of a similar species that is legally traded.). However,
trade of Appendix II (non-look-alike) species is permissible if conditions are met
demonstrating that there will be no detriment to the survival of the species in the wild.
Among the world’s otter species, the river otter is the only species possessing a
population status considered suitable for meeting conditions that will enable sustainable killing of individuals for the pelt trade throughout large portions of its
range. As an otter species legally trapped throughout much of its range for pelts that
are frequently traded internationally, the river otter is thus of predominant concern
regarding the humaneness of techniques and equipment used to capture and kill
individuals. Prior to European settlement, the river otter occupied aquatic habitat
throughout the Continental USA and Canada (Hall 1981). By the early to mid1900s, the species had experienced substantial population declines, or complete
extirpations in some areas. These declines occurred throughout large portions of the
river otter’s historic range in the USA but to a lesser extent in Canada. These losses
resulted from the combined detrimental effects of overkilling by trappers, disturbances to riparian habitats (e.g., deforestation), and water pollution (Bricker et al.
2016). The combination of more restrictive trapping regulations including prohibition of trapping river otters in some USA states, successful reintroduction projects
in 22 states, and improvements in the conditions of riparian and aquatic habitats
contributed to the recovery of river otter populations in many areas of NA (Bricker
et al. 2016). Legal trapping of river otters has expanded as populations have recovered. About 171,000 river otters in the USA and about 83,000 river otters in Canada
were trapped for their pelts between 2006 and 2012. River otters are a primary target
species for about 9% of trappers in the USA (Responsive Management 2015a).
Trappers use a variety of devices to capture river otters. Trapping devices are
selected for various reasons, including practical (e.g., cost of traps and associated
equipment), social (e.g., personal preference, influence of peers, and tradition),
habitat conditions, regulations imposed by a particular jurisdiction within a country,
and international agreements, including the AIHTS in Canada (Fur Institute of
Canada 2015) and BMPs in the USA (AFWA 2014). Growing public concern over
animal welfare issues have raised specific attention to the ethics and humaneness of
trapping wildlife for fur, and this has come alongside a realization that minimizing
injury to a trapped animal should also be a consideration when selecting a trapping
device. AIHTS and BMPs focus on physical injuries in assessing animal welfare
issues regarding trapping. Iossa et al. (2007) make a compelling argument that stress
and various other physiological indices should be used in such assessments.
Rothschild et al. (2008) and Taylor et al. (2016) assessed stress (glucocorticoid)
levels, and Kimber and Kollias (2005) evaluated biochemistry values of blood in
river otters following their live-capture and placement into captivity as part of rein-
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troduction projects. These studies demonstrated no long-term adverse stress
responses and also concluded that blood values were not a good indicator of the
level of physical injury. No such studies have been undertaken for river otters as part
of the AIHTS and BMP trap certification processes in relation to fur trapping.

30.9.1

Restraining Traps

Leghold traps, which are the most common type of restraining trap used by trappers
to capture river otters, have received extensive review through the process of developing BMPs and are thus the focus of this discussion on restraining traps. An adequate
critique of leghold traps in relation to animal welfare issues requires including an
assessment of various trapping systems that may be employed. For example, methods
used to attach [anchor] traps at trap sites should be included in critiques. Other often
overlooked factors for such critiques include trapper willingness to implement recommendations (especially when formal regulations are not in place to mandate use
of a particular trap and trapping system, as with BMPs), variation in regulations for
legal trap types and trapping systems imposed by wildlife management authorities
(for the USA, wildlife management for most species, including river otters, is at the
state-wildlife-agency level), the capabilities and effort put forth by the various management authorities to enforce regulations, and variation in response to being
restrained in a trap among species and by individuals of a species.
Coil spring traps (unmodified only) with jaw spreads ≥5 in. (13 cm) and longspring traps (either unmodified or modified to have double jaws) with jaw spreads
of ≥3 7/8 × 3 7/16 in. (10 × 9 cm) meet BMP criteria for river otter (AFWA 2014).
However, AFWA (2014) also states “Many currently-used trap models meet specifications.” Details about testing of approved traps are not provided or description of
the criteria used to establish the suitability of “many currently used trap models.”
Likewise, no reasons are provided for not specifically listing certain types of traps
as acceptable (e.g., modified coil spring traps). These omissions may be related to a
trap not yet having been tested, the trap having been tested and failed humane
requirements, or having been tested and failed other BMP criteria (e.g., efficiency—
a trap is not judged to be efficient if <60% of individuals for the target species
remain captured after activating the trap).

30.9.1.1

Physical Injury

Other than published reports of river otters captured for research and conservation
purposes (see Sect. 30.6), we were unable to find published descriptions of injuries
sustained by river otters captured in leghold traps. Review of the published studies of
river otters captured in leghold traps as part of conservation and/or research projects
indicated considerable variation in injuries caused among various leghold traps (see
Sect. 30.6.1). This contrasts with portrayals in BMP recommendations for leghold
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traps as being suitable for river otters. In fact, virtually all of the styles and sizes of
leghold traps considered efficient in trapping river otters prior to development of BMPs
are now approved as meeting BMP criteria. BMP evaluations to determine a trap as
suitable appear to be based on controlling other factors related to trapping (e.g., how a
trap is set and the time required to check traps). Review of the published reports on
live-trapping river otters suggests that such factors (in addition to the type of trap used)
are likely to influence injuries to a trapped animal. Such variations appear to be discounted in assessments for determining BMPs, where participating trappers are monitored to ensure compliance with prescribed trapping procedures. There is no evidence,
for example, that the trapping procedures followed by trappers participating in BMP
evaluations will become expectations (i.e., in the form of regulations) for fur trapping.
Objective evaluation to determine if BMPs will be useful in enhancing welfare standards for animals caught in leghold traps is virtually impossible from published information related to the development of BMPs for river otters or other furbearers.

30.9.2

Killing Captured Animals

Methods for killing an animal captured by trappers using restraining traps are often
overlooked in humane assessments of trapping. Generally, trappers are recommended to shoot the trapped animals between the eyes with a .22 caliber gun
(International Association of Fish and Wildlife Agencies [IAFWA] 2005). However,
trapper’s magazines often recommend drowning, suffocation (standing or kneeling
on the animal’s chest), or hitting on the head with clubs as a way to minimize damage to the fur (i.e., avoid the blood that would get on the pelt if the animal is shot)
(Fox and Papouchis 2004). The IAFWA (2005) also recommends these methods as
humane forms of killing trapped animals.

30.9.3

Killing Traps: Bodygrip Traps

The published BMPs for otters list any bodygrip trap within sizes designated as 220,
280, and 330 as acceptable for use with river otters. Traps of this type are considered
to meet humane standards if 70% of the animals are dead within 5 min after being
captured (Iossa et al. 2007; Proulx et al. 2012; Proulx and Rodtka 2015). Such standards omit discussion of humane considerations for the 30% of animals potentially
not dead after 5 min or the suffering that occurs to those that do meet the 5 min
standard. Testing to assess these standards has in some cases taken place in captive
settings where anesthetized animals are positioned between the jaws of a set trap
and then the trap is sprung. Such an approach does not necessarily represent conditions seen in natural settings, where the trap is less likely to close on the preferred
part of the body (to expedite the time until death). We were unable to find published
details of testing outcomes for assessments of bodygrip traps for river otters.
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30.9.4

Drowning Traps/Sets

Trappers commonly use “drowning traps/sets” when capturing semiaquatic furbearers, such as river otters. River otters reportedly have the capacity to remain underwater for up to 8 min (Smithsonian n.d.), exceeding the acceptable time established
for death using bodygrip traps to meet humane requirements. However, BMPs make
no mention of any evaluations conducted to assess animal welfare standards for this
type of trapping of river otters, but the BMP does state that performance standards
are comparable to killing devices for other aquatic furbearers (AFWA 2014). In fact,
this type of trapping system is recommended for river otters, with the only BMP
standard being that the trapping system must not allow the animal to reach the surface after being submerged.

30.9.5

Killing Snares

Trappers legally use snares to capture river otters in some USA states and Canadian
provinces. However, there are no published evaluations of the humaneness of capturing river otters in snares nor are these devices considered in AIHTS or BMP evaluations of trap performance criteria. Proulx et al. (2015) reviewed issues pertaining to
the use of snares to kill canids [gray wolves (Canis lupus), coyotes (C. latrans), and
red foxes (Vulpes vulpes)] in Canada, concluding that death to the animals was prolonged or some animals remained alive (i.e., did not meet humane standards for
death applied to other killing traps), injuries were sometimes severe (e.g., deep lacerations where the snare tightened around the neck), and killing snares are nonselective—often capturing a variety of nontarget animals. From these outcomes, Proulx
et al. (2015) recommended that use of killing snares be disallowed unless modifications can be achieved that improve the humaneness of this trapping system. In contrast, use of snares is being promoted in the USA (e.g., Vantassel et al. 2010). Given
a well-developed musculature in the neck, river otters, like canids, are unlikely to be
killed quickly or at all when caught in a snare. Snares, incorporated into drowning
sets, would eventually cause death by asphyxiation. In the absence of contrary evidence, the evaluation of killing snares by Proulx et al. (2015) for canids establishes
an important basis for regarding this trapping system as likely to be inhumane (by
any standards) for capturing river otters.

30.9.6

Unintended Captures

River otters are sometimes caught accidentally by trappers intending to catch other
semiaquatic furbearers or those that frequent riparian habitats. Responsive
Management (2015a) conducted an extensive survey of trapping in the USA, which
included assessment of species captured, types of traps used for a particular species,
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and furbearing species captured unintentionally (i.e., not the primary target of the
trapper). Unintentional capture of river otters was reported by 29.5% of trappers
targeting American beavers. Large bodygrip traps, various leghold traps, and snares
are used for beavers, with the No. 330 bodygrip trap predominating (about 78% of
beaver trappers reported using that trap). Traps and trap sets used for beavers are in
some ways comparable to what would be expected for use with river otters and, thus,
represent similar issues pertaining to a humane death—time to death caused by closure and/or drowning in bodygrip traps, time until drowning in drowning sets, and
potential injuries from snares. River otters also were reported to be unintentionally
caught by trappers primarily pursuing American mink (Neovison vison), muskrat
(Ondatra zibethicus), and raccoon (Procyon lotor), but less frequently than by beaver trappers (<6% for each of these species). However, trappers trapping American
mink and muskrat in leghold traps often may not anchor the trap sufficiently (either
by using stakes or weight) to retain a trapped river otter at the capture site (i.e., the
river otter escapes with the trap attached to its leg), contributing to both humane
concerns and potential for underrepresenting the extent of unintentional captures.
Also, many trappers included in the Responsive Management (2015a) survey
undoubtedly were not trapping in areas occupied by river otters. Expected rates of
unintentional captures would thus be higher if not diluted by inclusion of trappers
trapping in areas unoccupied by river otters. Realistic insight on expectations for the
extent of unintentional captures is needed and could be gained by focusing only on
the subset of trappers trapping in areas occupied by river otters.

30.10 Concluding Thoughts: Trapping for Fur
Trapping river otters for pelts appears to be “maintainable” (i.e., local populations
appear to be able to withstand the numeric impacts) at the landscape-level scale in
NA—although local, trapping-induced extirpations likely occur in marginal habitats
and reintroduction projects may have been unnecessary in some areas of the USA if
trapping had not limited expansion of natural populations. We note, for example,
that there has been rapid post-release expansion of reintroduced populations, which
initially were legally protected from trapping [see Bricker et al. 2016) for a detailed
review of trapping and reintroductions of river otters], whereas native populations
remained stationary or expanded slowly where trapping was permitted. Regardless,
debate over trapping river otters is largely based on opposing values pertaining to
what is appropriate and “ethical use of wildlife” and specific animal welfare concerns pertaining to the capture of animals in traps. However, those involved in supporting trapping in NA comprise a large, integrated wildlife management system
that includes governmental wildlife agencies (and associated wildlife professionals), nongovernmental organizations representing these agencies [e.g., AFWA
(http://www.fishwildlife.org/)], some university wildlife researchers, manufacturers
of hunting and trapping-related equipment, and supporting political entities—a set
of interactions referred to by Gill (2004) as an “Iron Triangle,” whereby those not
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within the “Iron Triangle” have a limited voice in wildlife policy decision-making.
These relationships constitute a “conservation-industrial complex,” which collectively offers considerable financial, political, and organizational resources to promote a value system based on sustainably killing wild animals.
The so-called North American Model of Wildlife Conservation [NAM; first
articulated by Geist et al. (2001)] demonstrates the promotional capabilities of the
wildlife management system in NA. The NAM is comprised of seven primary elements (Geist et al. 2001; Organ et al. 2012), each repeatedly depicted by various
media in a manner that supports and justifies consumptive use of wildlife, managed
by public, state-level conservation agencies, as the “cornerstone” of wildlife conservation in NA. Two of the primary elements of NAM: wildlife products should not
be commercialized (i.e., sold as part of a market-based system) and the Public Trust
Doctrine (PTD) are particularly relevant to discussions of trapping and the management of furbearing animals in the USA. Trapping for fur is a large, international,
commercial enterprise of which trade in furbearers captured in the USA is a prominent part, an obvious contradiction to the primary element of NAM opposing commercialization of wildlife. The PTD is based on the concept that certain natural
resources, including wildlife, cannot be owned by individuals but are instead to be
conserved by the government in a manner that benefits current and future generations
of citizens. An implicit assumption of the PTD is that the values and interests of all
citizens be considered in approaches used to conserve and manage PTD-based natural resources (Treves et al. 2015). However, the values and interests of those engaged
in hunting and trapping have been disproportionately favored in wildlife management decision-making at the state-agency level.
Over about the last 15 years, NAM has been widely portrayed as both a historical
account of how wildlife were conserved in NA in the past and a prescriptive model
for how wildlife should be conserved in the future (Peterson and Nelson 2016).
Without question progenitors of NAM clearly endorse recreational, regulated killing of wildlife (the focus is on hunting, but trapping also has been established within
the framework) of certain species of wildlife (i.e., those defined as game species,
which includes “furbearing” animals such as the river otter) as the fundamental
aspect of wildlife conservation. The repetitiveness by which NAM has been portrayed in numerous and varied forums (e.g., Mahoney 2004; Prukop and Regan
2005; Geist 2006; Mahoney et al. 2008; Organ et al. 2010, 2012) has aspects suggesting a marketing effort to promote fundamental concepts of NAM to both conservation professionals and the general public, an approach seemingly designed to
homogenize acceptance of consumptive use as fundamental to properly managing
wildlife. Foundations for such marketing efforts are anchored in social-science surveys conducted by private organizations that conduct public opinion surveys for
state wildlife agencies about hunting and trapping and include investigations providing outcomes such as “How to Talk to the Public About Hunting: ResearchBased Communication Strategies” (Responsive Management 2015b).
As with the seemingly overarching purpose of NAM, furbearer trapping also has
been promoted to gain acceptance among wildlife professionals and the public.
Muth et al. (2006) provided evidence that the majority of conservation professionals
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supported outlawing the use of the leghold trap and expressed concern that new
recruits into the wildlife profession with “…non-traditional wildlife management
backgrounds, such as women, ethnic minorities, non-hunters and non-trappers, and
urban residents may possess a different value system regarding consumptive use of
wildlife than their older counterparts.” One mechanism that evolved concurrently
with NAM is “Conservation Leaders for Tomorrow”—a program designed to instill
NAM’s principles by instructing both nonhunting/trapping university students
(enrolled in wildlife-related degree programs) and natural resource professionals
about the virtues of hunting and trapping in conservation (Conservation Leaders for
Tomorrow 2015).
Likewise, seminars at various conferences sponsored by AFWA and The Wildlife
Society (TWS) promote the importance of fur trapping in modern wildlife management to students interested in careers in wildlife conservation as well as practicing
wildlife professionals [e.g., Trapping Matters Workshop 2016; AFWA Trapping
Matters Workshop 2015) and an IAFWA-produced video (see IAFWA 2015)]. The
AFWA provides “quick tips” for supporters of trapping on how best to communicate the role and benefits of regulated trapping in wildlife management. These
“quick tips” encourage discussions to promote trapping by focusing on the following themes (AFWA 2015):
1. Regulated trapping does not cause wildlife to become threatened or
endangered.
2. Trapping is managed through scientifically based regulations enforced by conservation officers.
3. State wildlife agencies continue to refine approaches to trapping methods that
include issues pertaining to animal welfare [e.g., Best Management Practices
(BMPs)].
4. Regulated trapping provides many benefits to the public (e.g., reducing wildlife
damage to crops and minimizing threats to human health and safety).
5. Trapped animals are used for clothing and food.
These themes are mimicked with more elaboration in various publications
authored by individuals actively engaged in promoting support for trapping and
BMPs—e.g., “Trapping and furbearer management in North American wildlife
conservation” appearing in various editions as a standalone publication of the
Northeast (USA) Furbearer Technical Committee (Organ et al. 2015) and under the
same title but different text as part of a special issue of the International Journal of
Environmental Studies featuring NAM (White et al. 2015). Recommendations of
strategies to gain public acceptance of specific aspects of trapping occur unabashedly in scientific publications of TWS (e.g., use of snares: “In states where cabletraps are currently prohibited, a drastic regulatory change would likely result in
immediate protest from anti-trapping organizations. For example, focusing on regulatory liberalization of snaring in water where beavers are causing damage would
likely be more successful than an immediate regulatory change that allowed all
forms of cable-trapping.”; Vantassel et al. (2010)). These and other examples raise
ethical questions about public employees (many of whom are involved in the articu-
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lation of NAM and BMPs) promoting personal values to the public being represented, the role of science versus personal values in formulating wildlife management
policy, and, most importantly for this discussion, whether BMPs are focused on
improving the welfare of trapped animals or as an opportunity to promote trapping,
both in the USA and internationally.
Science is referred to as the basis for developing and implementing furbearer
management policy in the USA. However, the process of developing BMPs and
promoting the process of fur trapping also includes considerable emphasis on the
economic and cultural values of trapping furbearers to some local communities
(e.g., Organ et al. 2015; White et al. 2015); topics having practical and emotional
relevance but little to do with science in addressing concerns about animal welfare.
Traps recommended under the BMP for river otters include virtually all of those
used prior to BMPs, and no traps are recommended as inappropriate for the species.
Although the BMP for river otters has been recently updated and available on the
AFWA web site, no specific details of trap testing outcomes are provided on the site
or are readily available for critique. Review and interpretation of outcomes used to
establish BMPs are thus seemingly conducted primarily by those involved with the
BMP initiative, implying that the public should accept unquestioningly the process
and outcomes (a “good faith” approach) associated with selecting traps that
adequately meet humane expectations for the public’s furbearers. Organ et al.
(2014) seemingly support the PTD (as applied in NAM) as being in congruence
with this “good faith” management scheme by citing the following statement from
Scott (1999): “Additionally, if a trustee has special skills or expertise (e.g., wildlife
professional), they have a duty to use these heightened capacities to enhance the
conservation of resources under their management in the interests of trust beneficiaries.” Such a statement seemingly implies that wildlife professionals employed
by state wildlife agencies will act in an unbiased manner and objectively represent
the interests of all stakeholders in decision-making related to trapping wildlife for
fur, a process that is not in evidence when considering promotional efforts to gain
public acceptance of fur trapping nor by the system of wildlife conservation championed by proponents of NAM. Treves et al. (2015) effectively identify and review
concerns pertinent to the application of public trust responsibilities by state wildlife
agencies—specifically pertaining to the conservation of predators. Preeminent
among these concerns is the narrow and preferential focus on consumptive use of
wildlife embedded in the version of PTD portrayed by proponents of NAM
(Batcheller et al. 2010). In contrast, Sax (1970) interpreted proper application of
PTD as incorporating interests from a broad constituent base, advocating preserving
public, environmental assets for future generations and defending society from
undemocratic allocations of environmental assets (modified from Treves et al.
2015). Treves et al. (2015) define undemocratic allocation in part as those that “…
reflect tyranny of minority or majority,…,” a situation indicative of the wildlife
conservation system advocated by NAM whereby consumptive users (who represent a fraction of the overall population in NA) have the predominate voice in
decision-making pertaining to wildlife policy. Although humane issues have not
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received specific attention in discussions of PTD, application of PTD in the narrow
sense promoted by Batcheller et al. (2010) and Organ et al. (2012) may nonetheless
diminish attention and action in addressing humane concerns pertaining to trapping
(or other consumptive uses of wildlife), especially if such concerns collide with
entrenched values systems and interests associated with the NA system of wildlife
conservation.
The number of states allowing legal trapping of river otters has expanded in
recent years (Bricker et al. 2016). Prior to initiation of trapping seasons, strikingly
similar negative media portrayals of river otters occurred in several states (Serfass
et al. 2014), characteristically beginning with praise for implementation of progressive wildlife conservation policies by state wildlife agencies (i.e., implementing
successful river otter reintroduction projects) and ending by proposing that a trapping season may be necessary to alleviate conflict associated with rapidly growing
numbers of river otters. Conflict was portrayed as river otters predating on fish in
private ponds, and being harmful to gamefish populations, thus causing complaints
by anglers (Serfass et al. 2014). However, the extent of these conflicts was seldom
quantified by state wildlife agencies or exaggerated in states portrayed as having
public resentment toward river otters (Bricker et al. 2016). These negative portrayals appeared to have the intent of lessening public opposition for proposed plans to
initiate river otter trapping seasons. State wildlife agencies appear to have allied
with some media in the negative messaging. Fostering an acrimonious situation to
achieve a wildlife management outcome (i.e., a trapping season on river otters) to
benefit a particular constituency (i.e., trappers) would breach PTD obligations of
state wildlife agencies to conserve wildlife in a manner that considers the interest of
all citizens, not to manipulate public opinion through a marketing effort to achieve
a management outcome. Further, labelling an animal as a pest or problem lessens
public concern for its welfare (Rochlitz 2010). The marketing approaches seemingly being followed to promote support for fur trapping in general and river otters
specifically cast doubt on the objectivity of decision-makers involved in the development of BMPs in placing animal welfare at a level equivalent to traditional wildlife management practices in the USA.
Trapping wild animals for fur is a contentious issue in the USA and elsewhere
and will not be accepted by most animal welfare groups, regardless of approaches
used to enhance the humaneness of a trap or trapping system. Nonetheless, opposition to fur trapping (especially when using leghold traps) from animal welfare
groups in Europe and NA provided the primary impetus for developing universally
standardized approaches in defining animal welfare standards for trapping animals
with restraining and killing traps (i.e., standards established by the ISO).
Establishment of ISO criteria provides a basis for evaluating the humanness of
restraining and killing traps used for both research and fur trapping. Although this
appeared to be a positive step in recognizing the need to address welfare concerns
for trapped animals, the process of trap testing to define traps meeting ISO standards and, more importantly, the actual humaneness of the traps and associated
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trapping systems and the evaluative process are in need of further scrutiny, particularly in the USA.
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AN EVALUATION OF LONG-TERM CAPTURE EFFECTS IN
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The need to capture wild animals for conservation, research, and management is well justiﬁed, but long-term
effects of capture and handling remain unclear. We analyzed standard types of data collected from 127 grizzly
bears (Ursus arctos) captured 239 times in western Alberta, Canada, 1999–2005, and 213 American black bears
(U. americanus) captured 363 times in southwestern North Carolina, 1981–2002, to determine if we could detect
long-term effects of capture and handling, that is, effects persisting 1 month. We measured blood serum levels of
aspartate aminotransferase (AST), creatine kinase (CK), and myoglobin to assess muscle injury in association with
different methods of capture. Serum concentrations of AST and CK were above normal in a higher proportion of
captures by leghold snare (64% of 119 grizzly bear captures and 66% of 165 black bear captures) than capture by
helicopter darting (18% of 87 grizzly bear captures) or by barrel trap (14% of 7 grizzly bear captures and 29% of 7
black bear captures). Extreme AST values (.5 times upper reference limit) in 7 (6%) grizzly bears and 29 (18%)
black bears captured by leghold snare were consistent with the occurrence of exertional (capture) myopathy. We
calculated daily movement rates for 91 radiocollared grizzly bears and 128 radiocollared black bears to determine
if our activities affected their mobility during a 100-day period after capture. In both species, movement rates
 ¼ 57% of normal, 95% conﬁdence
decreased below mean normal rate immediately after capture (grizzly bears: X
interval ¼ 45–74%; black bears: 77%, 64–88%) and then returned to normal in 3–6 weeks (grizzly bears: 28 days,
20–37 days; black bears: 36 days, 19–53 days). We examined the effect of repeated captures on age-related
changes in body condition of 127 grizzly bears and 207 black bears and found in both species that age-speciﬁc
body condition of bears captured 2 times (42 grizzly bears and 98 black bears) tended to be poorer than that of
bears captured once only (85 grizzly bears and 109 black bears), with the magnitude of effect directly proportional
to number of times captured and the effect more evident with age. Importantly, the condition of bears did not affect
their probability of capture or recapture. These ﬁndings challenge persons engaged in wildlife capture to examine
their capture procedures and research results carefully. Signiﬁcant capture-related effects may go undetected,
providing a false sense of the welfare of released animals. Further, failure to recognize and account for long-term
effects of capture and handling on research results can potentially lead to erroneous interpretations.
Key words: American black bear, body condition, exertional myopathy, grizzly bear, long-term capture effects, movement
rates, muscle injury, ursids, Ursus americanus, Ursus arctos

Information gathered from wild animals is required for
wildlife research, conservation, and management. Although

much can be learned by indirect techniques, such as collecting
fecal samples to determine hormone status (Foley et al. 2001;
Millspaugh et al. 2001) or collecting hair for DNA analysis
(Beier et al. 2005; Boulanger et al. 2004), some information is
collected only by capturing animals, for example, age
determination, morphometric measurements, or serum biochemistry (Garshelis 2006; Powell and Proulx 2003). Capture
of wild animals has potential to cause injury and to change
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normal behavior and physiology (Kreeger et al. 1990; Proulx
1999). Consequently, researchers are challenged to design
research and use methods that have minimal impact on study
animals and remain safe for ﬁeld personnel. Procedures that
affect study animals adversely not only raise important ethical
and animal welfare issues but also are likely to inﬂuence the
animals’ behavior or physiology in ways that affect research
results (Powell and Proulx 2003).
A major obstacle to gathering information on effects of
capture and handling, especially those occurring over periods
of weeks or months, is that these effects can be difﬁcult to
detect. Mortality rates are sometimes used to evaluate capture
procedures (Arnemo et al. 2006; DelGiudice et al. 2005;
Haulton et al. 2001). Observed mortality rates, however, may
not provide accurate estimates of true mortality rates unless
survival of all released animals is conﬁrmed for an adequate
period after capture (Lebreton et al. 1992; Schaub and Pradel
2004). Mortality may go undetected because, for example,
scavengers or predators consume carcasses, animals die in
concealed places, carcasses decompose quickly, radiotransmitters malfunction, or animals ﬁtted with radiotransmitters
emigrate from the study area (Bunck et al. 1995; Vyas 1999;
Wobeser and Wobeser 1992). More importantly, mortality rates
provide no information on how many animals might be
negatively affected by capture short of death.
The full impact of capture and handling procedures cannot
be determined without evaluating physical, behavioral, and
physiological effects on captured animals at the time of capture
and in the days and weeks that follow. Perhaps because
assessment of all potential effects over different timescales is
difﬁcult to carry out, comprehensive reports covering capture
effects over wide timescales are few (an exception is the series
of publications by Kock et al. [1987a, 1978b, 1987c]). Researchers more often report only the short- or intermediate-term
effects of capture and handling, such as physical injury (e.g.,
Peterson et al. 2003; Shivik et al. 2005) or signiﬁcant changes
in blood and other physiological values (e.g., Golden et al.
2002; Marco et al. 1997; Storms et al. 2005) that persist from
minutes to days. Although documentation of long-term effects
is sparse, several recent publications conclude that capture and
handling may have signiﬁcant consequences not only for
speciﬁc wild populations (Alibhai et al. 2001; Côté et al. 1998)
but also for the accuracy and interpretation of research results
(Clinchy et al. 2001). However, other studies have not found
convincing evidence for long-term adverse effects (Creel et al.
1997; Laurenson and Caro 1994; Lunn et al. 2004).
Herein, we report on an evaluation of long-term (1-month)
effects of capture and handling in 2 ursid species, grizzly bears
(Ursus arctos) and American black bears (U. americanus). Our
data originate from 2 independent studies, the Foothills Model
Forest Grizzly Bear Research Project and the Pisgah Bear
Sanctuary Black Bear Research Project, conducted by different
teams of researchers in geographically distinct areas. Prompted
by ﬁndings from previous studies (Cattet et al. 2003b; Powell
2005), we resolved to evaluate whether long-term effects of
capture and handling were detectable and, if so, to determine
what possible implications this could have for the welfare of
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released animals and the interpretation of research results. Our
analysis was entirely retrospective and, unless stated otherwise,
we use the phrase ‘‘capture and handling’’ in the broadest sense
to include the combination of all procedures, that is, pursuit or
restraint, anesthesia, tooth extraction, application of radiotelemetry equipment, and so on. Our primary objectives were to
document occurrence and severity of capture-related muscle
injury, to evaluate the mobility of bears in the weeks after
capture, and to determine if body condition of bears was
affected by repeated captures.

MATERIALS AND METHODS
Foothills Model Forest Grizzly Bear Research Project.— We
captured 127 grizzly bears 239 times between April 1999 and
August 2005 (research goals are summarized by Stenhouse and
Graham [2005]) within a 150,000-km2 area of western Alberta,
Canada (498009–558509N, 1138509–1208009W). Captured bears
were composed of 61 females (1–21 years old at 1st capture)
and 66 males (1–19 years old at 1st capture). Females included
25 juvenile (,5 years old) and 36 adult bears (5 years old),
whereas males included 32 juveniles and 34 adults.
We used Aldrich leghold snares (Aldrich Snare Co., Clallam
Bay, Washington) for 130 captures, remote drug delivery from
helicopter (helicopter darting) for 99 captures, and barrel traps
for 10 captures (Cattet et al. 2003b). All bears were
anesthetized by remote drug delivery (Pneu-Dart Inc., Williamsport, Pennsylvania, and Paxarms NZ Ltd., Timaru, New
Zealand) using a combination of xylazine and zolazepam–
tiletamine administered intramuscularly as xylazine (Cervizine
300; Wildlife Pharmaceuticals, Inc., Fort Collins, Colorado) at
2 mg/kg and Telazol (Fort Dodge Laboratories, Inc., Fort
Dodge, Iowa) at 3 mg/kg estimated body weight (Cattet et al.
2003a). We administered atipamezole (Antisedan; Novartis
Animal Health Canada Inc., Mississauga, Ontario, Canada) at
0.15–0.20 mg/kg, half-volume intramuscularly and halfvolume intravenously, to reverse the effects of xylazine.
We recorded pulse and respiratory rates, rectal temperature,
and hemoglobin oxygen saturation (Nellcor NPB-40 pulse
oximeter; Nellcor, Pleasanton, California) for all bears at onset
of handling and every 15 min thereafter during a 75-min
handling period. We extracted a premolar tooth to estimate age
by counting cementum annuli (Stoneberg and Jonkel 1966).
We weighed bears in a sling suspended beneath a load scale
(MSI-7200 Dynalink; Precision Giant Systems Inc., Edmonton,
Alberta, Canada) and measured body length as dorsal straightline distance from tip of nose to end of last tail vertebra.
We collected blood from the femoral vein into sterile tubes
for biochemical analysis, and into an ethylenediaminetetraacetic acid tube for measurement of complete blood count. We
centrifuged blood samples within 8 h of collection, and
extracted and froze (208C) serum for biochemistry analysis
using an Abbott Spectrum Series II biochemistry analyzer
(Abbott Laboratories Diagnostic Division, Abbott Park,
Illinois), and for myoglobin analysis using an ADVIA Centaur
immunoassay system (Bayer Healthcare, Tarrytown, New
York). We chilled blood samples in ethylenediaminetetraacetic
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acid for determination of complete blood cell counts within
24 h of collection using an Abbott Cell-Dynn 3200 hematology analyzer (Abbott Laboratories Diagnostic Division). For
purposes of this study, we extracted data describing serum
concentrations of creatine kinase (CK), aspartate aminotransferase (AST), and myoglobin because these constituents are
normally concentrated in muscle, but leak into blood circulation for some time after muscle damage; their level in blood
provides a rough indication of the extent of muscle ﬁber destruction (Cardinet 1997; Hulland 1993). This well-established
relationship is the basis for wide usage of these serum constituents as diagnostic markers of muscle injury in human and
veterinary medicine (Kiessling et al. 1981; Krefetz and
McMillin 2005; Latimer et al. 2003). We characterized muscle
injury as signiﬁcant if serum enzyme levels exceeded reference
values (Teare 2002) for captive grizzly bears (18–142 U/liter
for AST [n ¼ 139] and 0–387 U/liter for CK [n ¼ 50]).
We ﬁtted bears with either a Televilt Simplex Global
Positioning System (GPS) radiocollar (Televilt; TVP Positioning AB, Lindesberg, Sweden) or an Advanced Telemetry
Systems GPS radiocollar (Advanced Telemetry Systems, Inc.,
Isanti, Minnesota). We programmed the majority of radiocollars to acquire 3-dimensional locations at 4-h time intervals;
however, some collars were programmed for shorter intervals
ranging from 1 to 3 h. Our research protocol was reviewed and
approved by the University of Saskatchewan’s Committee on
Animal Care and Supply, and was in accordance with
guidelines provided by the American Society of Mammalogists’ Animal Care and Use Committee (Gannon et al. 2007)
and the Canadian Council on Animal Care (2003) for the safe
handling of wildlife.
Pisgah Bear Sanctuary Black Bear Research Project.— We
captured 213 American black bears 363 times between May
1981 and August 2002 (research goals are summarized by
Powell et al. [1997]) in the 220-km2 Pisgah Bear Sanctuary,
located on the Pisgah National Forest approximately 35 km
southwest of Asheville, North Carolina (358289N, 828409W) in
the southern Blue Ridge Mountains of the Southern Appalachians. Captured bears were composed of 80 females (1–11
years old at 1st capture) with 50 juvenile bears (,3 years old)
and 30 adults (3 years old) and 133 males (1–15 years old at
1st capture) with 98 juveniles and 35 adults.
We used Aldrich-type leghold snares for 351 captures and
barrel traps for 12 captures (Powell 2005). The leghold snares
were modiﬁed with automobile hood springs to provide
cushioning for trapped bears (Johnson and Pelton 1980). Bears
were anesthetized by pole syringe or blowpipe using a 2:1
mixture of ketamine hydrochoride (Fort Dodge Animal Health,
Overland Park, Kansas) and xylazine hydrochloride (Phoenix
Pharmaceutical Inc., St. Joseph, Missouri), with approximately
200 mg ketamine and 100 mg xylazine per milliliter,
administered intramuscularly at a combined dosage of 12 mg/
kg estimated body weight. We monitored vital signs (body
temperature, pulse rate, and respiration rate) continuously
during the ﬁrst 20–30 min of handling and every 5–10 min
thereafter. We gave all bears ear tags and tattoos and recorded
standard measurements. We weighed bears slung beneath
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a load scale and measured body length as distance from tip of
nose to end of last tail vertebra following the curvature of the
back. We extracted a premolar tooth to estimate age by
counting cementum annuli (Stoneberg and Jonkel 1966) and
drew blood from the femoral vein into sterile tubes for
biochemical analysis and into an ethylenediaminetetraacetic
acid tube for determination of the complete blood count. Blood
samples were placed on ice immediately after collection and
delivered to Mission Memorial Hospital in Asheville, North
Carolina, within 1.5 h for laboratory analyses using standard
hospital protocols. For this study, we extracted data describing
serum concentrations of CK and AST. Serum myoglobin was
not measured in blood samples collected from black bears. We
characterized muscle injury as signiﬁcant if serum enzyme
levels exceeded reference values (Teare 2002) for captive black
bears (0–205 U/liter for AST [n ¼ 135] and 0–421 U/liter for
CK [n ¼ 90]).
We ﬁtted 154 bears with very-high-frequency (VHF)
radiocollars (made by multiple manufacturers over the course
of .20 years), according to research goals at the time of
capture. By driving the Blue Ridge Parkway, which bisected
the study area, we could estimate locations of up to 12 bears in
2 h. We estimated locations of bears as the arithmetic mean of
azimuths recorded within 15 min, unless a bear was inactive, in
which case we sometimes extended the time limit. We located
bears in blocks of four, six, or twelve 2-h periods, depending
on objectives for our research in a given year, while attempting
to reduce temporal autocorrelation among blocks (location
estimates exhibited independence after 28–33 h—Swihart and
Slade 1985). Using this schedule, we could obtain nearly 400
location estimates for bears followed during an entire active
season. The bears’ collars indicated activity or inactivity. Angle
error was leptokurtotic around 08 and median error for location
estimates was approximately 250 m (Zimmerman and Powell
1995). Our protocol for handling bears was approved by the
Institutional Animal Care and Use Committees of North
Carolina State University and Auburn University; was in
accordance with the principles and guidelines of the of the
American Society of Mammalogists’ Animal Care and Use
Committee (Gannon et al. 2007), with the Animal Behavior
Society (2003), and with the Canadian Council on Animal Care
(2003); and met the criteria for animal welfare of livetrapped
mammals set by Powell and Proulx (Powell 2005; Powell and
Proulx 2003).
Statistical analyses.— We performed statistical analyses
under 3 broad themes: capture and muscle injury; effect of
capture on mobility; and effect of repeated captures on body
condition. Sample sizes varied between analyses depending on
completeness of records or constraints imposed on the analysis.
Details for speciﬁc analyses including sample sizes are as
follows.
Muscle injury and survival.— We used program MARK
(White and Burnham 1999) to estimate sex-speciﬁc survival
rates in grizzly bears and American black bears and to
determine if high AST concentration at capture was associated
with lower individual survival. We selected AST as a covariate
instead of myoglobin because it was measured in both species.
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Although CK also was measured in both species, determination
of serum kinetics in humans (Krefetz and McMillin 2005) and
domestic mammals (Latimer et al. 2003) show that AST
remains elevated in blood for a longer duration than CK after
muscle injury, that is, 5–7 days versus 1–2 days. Thus, we
assumed AST levels in bears would better reﬂect severity of
injury, especially in bears captured by leghold snare or barrel
trap where time lapsed between capture and blood collection
could be prolonged, that is, as long as 16 h.
We created encounter histories based on 1-month intervals
for 56 grizzly bears (30 females and 26 males) captured during
1999–2003 and on 1-year intervals for 103 black bears (42
females and 61 males) captured during 1981–2002. We used
the Barker model, a generalization of the joint live and dead
encounters model (Burnham 1993), that allows live resightings
(either visually or by radiotelemetry) and deaths to be reported
at any time during the open period between capture and
recapture (Barker 1997). This model parameterizes capture–
recapture and tag mortality jointly by estimating both survival
(S), which is the probability that an animal survives between
2 sampling occasions, and the probability of recapture ( p). In
addition, this model estimates the probabilities that a tag will
be reported given that the individual was found dead (r), a
resighting will occur within the study period (R), an animal will
be resighted and then die within the study period (R9), an
animal will remain in the study area (F), and an animal will
temporarily emigrate from the study area (F9). We used a logit
link in the analyses of both species, and we excluded from
the analyses any data collected during the winter (denning)
months.
For the analysis of grizzly bears, we reduced the available
sample to 56 bears that were captured in a central portion of the
study area between 1999 and 2003 to ensure that all bears had
a deﬁned area of initial capture during the time period of the
survival analysis. All of these bears had been ﬁtted at capture
with either a GPS radiocollar, a VHF ear radiotransmitter
(Advanced Telemetry Systems, Inc.), or both devices. We
captured bears in the central study area continuously throughout the study period, so all bears had the potential to be
recaptured by helicopter darting or by leghold snare, or to be
‘‘resighted’’ by GPS locations or by VHF signals received
during telemetry ﬂights. Recoveries of dead bears were based
on investigation of potential mortalities during monthly ﬂights
for GPS collar uploads and tracking of VHF ear radiotransmitters as well as any incidental ﬁnding of dead bears.
Bears of unknown fate included bears that removed their radiotransmitter devices or emigrated from the central study area, as
well as bears with radiotransmitter devices that malfunctioned
or were destroyed, for example, by poachers. Monthly sampling intervals were used because this time interval corresponded best with the occurrence of radiotelemetry ﬂights and
captures.
To develop models, we 1st reduced the number of parameters by ﬁxing the movement parameters, F and F9, to create
simpler movement models including permanent emigration
(F9 ¼ 0) and random emigration (F9 ¼ F ¼ 1), as well as
a more complex Markov emigration model (Barker and White
Downloaded from https://academic.oup.com/jmammal/article-abstract/89/4/973/872341
by guest
on 12 June 2018

Vol. 89, No. 4

2001). We added to these base models by including sex and
mean age of bear during the study as covariates. This was
justiﬁed because other studies of bears have shown that these
biological factors can inﬂuence survival rates and capture
probabilities (Hovey and McLellan 1996). Although we held
the parameters in most models constant over time, we also
included a model that allowed recapture rate to be higher
during spring than during fall, which was consistent with our
capture efforts. We then used the model most supported by the
data to test the effect of AST on bear survival.
For the analysis of black bears, we used a sample of 103
radiocollared bears for which serum AST results were available. Resightings for the Barker model were composed of VHF
signals received during summers 1981–2002. The recovery of
dead bears was based on mortality information from the North
Carolina Wildlife Resources Commission and from ﬁeld observations. Annual sampling intervals were used because this
time interval corresponded best with telemetry and trapping
schedules.
Similar to the analyses of grizzly bears, we initially determined the most-supported Barker movement model. We used
a base model in which survival varied by sex and capture
probability varied by age. Because juvenile black bears were
less likely to be collared than were adult bears, we varied the
resighting parameters by age. After the best-supported movement model was determined, we expanded our analyses by
including AST as an individual covariate to survival. We did
not consider time variation in any parameters given the restriction of model complexity based upon our relatively small
sample size of marked bears. For both species, we used samplesize–adjusted Akaike Information Criterion (AICC) model
selection (Burnham and Anderson 1998) to determine which
models were most supported by the data, that is, AICC values
 2. We evaluated AICC weights for each model, which
provided strength of evidence for model selection. We did not
test goodness-of-ﬁt because no reliable means of testing model
ﬁt currently exist for models developed using Barker’s
parameterization (R. Barker, pers. comm.).
Mobility after capture.— For this analysis, we tested the
hypothesis that capture and handling of bears causes a measurable decrease in daily movement rates in the days after capture.
We calculated movement rates (m/h) for grizzly bears as
straight-line distance (m) between consecutive locations,
recorded every 1–4 h with dilution of precision values  5,
divided by time interval (h). We calculated movement rates (m/h)
for American black bears as straight-line distance between
consecutive locations, recorded 33 h apart, divided by time
interval. For both species, we calculated daily movement rates
as the average of all movement rates (12 rates per day)
recorded on a given day for an individual bear. We justiﬁed
averaging of movement rates within a day because large
variation in movement rates caused by daily activity patterns
(e.g., diurnal and nocturnal activity patterns) was irrelevant to
this analysis. For grizzly bears, we limited captures to those
occurring between 1 April and 31 July because this was when
85% of captures occurred. We also limited calculation of
movement rates to 100 days after capture for individual bears
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so, in effect, analyses of movement rates covered the period
from April to October. For black bears, we further limited
movement rates to bears tracked for 10 days after capture.
Finally, we log-transformed movement rates to help meet the
assumption of equal variances of response values across the
range of predictor variables.
We used a random coefﬁcient mixed-model analysis of
covariance to test for decreased movement rates among grizzly
bears and black bears recently captured and radiocollared
(Milliken and Johnson 2002). We ﬁtted polynomial (quadratic
and cubic) curves to daily movement rates as a function of days
after capture (100) for each bear on the assumption that, if
capture affected movement rates for an individual bear, its daily
movement rate would increase for a time after capture before
reaching a plateau. We also investigated the ﬁt provided by
linear terms, which would suggest that movement rates
increase indeﬁnitely after capture. Conceptually, the sample
space for the analysis was the ‘‘population’’ of bear response
curves after capture. We nested response curves of individual
bears to allow variance estimation with bears as the sample unit
and to avoid pseudoreplication and repeated-measure issues
with pooling locations from individual bears (Littell et al. 1996;
Verbeke and Molenberghs 2000). In constructing models for
each species, we considered effects of other factors and
covariates, as well as interactions between factors, on daily
movement rate (Stenhouse et al. 2005) including day and
month of capture, sex and reproductive class (male, female, or
female with dependent offspring), method of capture, the
number of times a bear was captured in a given year, and
duration between location ﬁxes. We modeled seasonal changes
in movement rate by estimating month-speciﬁc and month 
day of month interaction terms to account for potential
differences in movement rate patterns of bears with home
ranges at different elevations, for example, alpine versus
agricultural areas.
We used AICC model selection (Burnham and Anderson
1998) and considered models with AICC values  2 most
supported by the data. The effective sample size of AICC
calculations was the number of unique bears in the analysis.
We primarily used AICC methods to select appropriate models
rather than hypothesis tests of individual parameters to avoid
statistical issues when combining 2 methods of model selection
(Lukacs et al. 2007). Strength of relationships was evaluated by
plotting topical covariates and associated conﬁdence intervals
(Burnham and Anderson 1998).
After ﬁnding the most-supported model, we added AST (for
both species) and myoglobin (for grizzly bears) levels to the
model to see if these indicators of muscle injury were
signiﬁcant covariates. Because AST and myoglobin values
were not available for all captures of bears, sample sizes for
these analyses were smaller than for the movement rate
analyses. Therefore, we recalculated AICC parameters for the
most-supported models (AICC  2) using reduced data sets
to compare with models that included AST or myoglobin as
covariates.
Body condition and repeated captures.— For this analysis,
we tested the hypothesis that age-related changes in the body
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condition of bears are affected negatively by the number of
times a bear is captured. In other words, if the general trend is
for body condition to increase with age when controlling for
other potentially confounding factors (e.g., year of capture), the
rate of increase will be less for bears captured repeatedly than
for bears captured 1 time only. To quantify body condition, we
calculated a body condition index (BCI) for grizzly bears and
American black bears using a model of the form:
BCI ¼

M  3:21L þ 11:64
;
0:29 þ 0:017L

where M is the natural log of body mass (kg) and L is the
natural log of body length (cm—Cattet et al. 2002). This model
predicts the standardized residual from the regression of body
mass against body length, an index of body condition strongly
correlated with true body condition in black bears (R2 ¼ 0.93,
P , 0.001, n ¼ 33), deﬁned as the combined mass of fat and
skeletal muscle relative to body size.
We used a mixed-model repeated-measures analysis of
covariance to determine if changes in BCI values differed as
a function of number of times a bear was captured (Milliken
and Johnson 2002). We assumed that body condition of a bear
also might change with age, reproductive status, and environmental conditions. So, in constructing models for each species,
we considered effects of other factors and covariates on
BCI values including age, sex and reproductive class, year of
capture, as well as the interaction between number of times
captured and year of capture. The interaction term allowed
changes in BCI to differ as a function of the number of times
a bear was captured. We tested models with year of capture as
both a linear term (YR) and a quadratic term (YR2) to determine if number of times captured affected slope of the age–
body condition relationship (i.e., a linear effect), or shape of the
curve (i.e., a quadratic effect), or both. For bears inadvertently
captured more than once within a single year, we considered
BCI values recorded at 1st capture of the year only. In addition,
because the interval between subsequent captures for bears
captured more than once was variable, we only considered
models with covariance structures that allow unequal intervals
between observations, for example, spatial, unstructured, and
compound symmetry models (Milliken and Johnson 2002).
We used AICC model selection and considered only models
with AICC values  2 to be most supported by the data.
The effective sample size was the number of unique bears in
the analysis.
An implicit assumption in this analysis was that bears
captured repeatedly were a random sample of the population
such that the probability of being captured was not affected by
their body condition. However, should bears in poor condition
be more likely to be lured to snare sites or barrel traps by the
presence of bait and consequently captured than bears in
good condition, this assumption would be incorrect and our
hypothesis would fall. To test this assumption, we removed
helicopter capture records from the grizzly bear data set, and
used the Burnham (1993) joint live-and-dead encounter model
in program MARK (White and Burnham 1999) to explore
effects of body condition on grizzly bear and black bear recap-
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ture rates. The Burnham model estimates the same parameters
as the Barker model with exception of sighting probabilities
(R and R9). Radiotelemetry sightings were not used with the
Burnham model and therefore sighting probabilities are not
relevant. In addition, the Burnham model estimates a single
ﬁdelity parameter (F). The most-supported biological model for
each species from the Barker analysis described above in the
‘‘Muscle injury and survival’’ section was used as a base model
for this analysis. The mean BCI value of bears was entered as
a covariate to recapture rate and slope (b) estimates of the BCIcovariate term were then used to evaluate for a potential
relationship between recapture rate and BCI.

RESULTS
Capture-related muscle injury.— We had serum chemistry
results available from 213 grizzly bear and 172 American black
bear captures. Serum concentrations of aspartate AST, CK, and
myoglobin were greater in grizzly bears captured by leghold
snare than in bears captured by helicopter darting (Fig. 1a;
mean, median, and range, respectively: AST—288 U/liter, 198
U/liter, and 41–1,665 U/liter versus 128 U/liter, 96 U/liter, and
34–702 U/liter; CK—3,197 U/liter, 807 U/liter, and 31–37,280
U/liter versus 213 U/liter, 117 U/liter, and 31–3,838 U/liter;
myoglobin—497 lg/liter, 231 lg/liter, and 24–7,184 lg/liter
versus 65 lg/liter, 40 lg/liter, and 15–341 lg/liter) or by barrel
trap (AST—115 U/liter, 113 U/liter, and 69–166 U/liter; CK—
283 U/liter, 104 U/liter, and 43–1,399 U/liter). Values for
AST exceeded the upper limit of the reference interval for
captive grizzly bears (142 U/liter) in 70% of samples collected
from 119 leghold-snare captures, 18% of samples from 87
helicopter-darting captures, and 14% of samples from 7 barreltrap captures. Values for CK exceeded the upper limit of the
reference interval for captive grizzly bears (387 U/liter) in 64%
of samples collected from leghold-snare captures, 14% of
samples from helicopter-darting captures, and 14% of samples
from barrel-trap captures. A reference interval for serum
myoglobin has not been established for grizzly bears.
Serum concentrations of AST and CK were greater in
American black bears captured by leghold snare than in bears
captured by barrel trap (Fig. 1b; AST—575 U/liter, 247 U/liter,
and 39–5,340 U/liter versus 132 U/liter, 91 U/liter, and 44–331
U/liter; CK—10,297 U/liter, 2,242 U/liter, and 39–109,780
U/liter versus 1,708 U/liter, 235 U/liter, and 89–6,540 U/liter).

FIG. 1.—a) Serum concentrations of aspartate aminotransferase
(AST), creatine kinase (CK), and myoglobin recorded at 213 grizzly
bear captures for the Foothills Model Forest Grizzly Bear Project in
western Alberta, Canada (1999–2005). Values were recorded for bears
captured by leghold snare (n ¼ 119), helicopter darting (n ¼ 87), and
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barrel trap (n ¼ 7). Cut points for intervals represent multiples of the
upper limit of the reference interval for captive grizzly bears for AST
(142 U/liter) and CK (387 U/liter—Teare 2002). A reference interval
for serum myoglobin has not been established for grizzly bears. b).
Serum concentrations of AST and CK recorded at 172 black bears
captures for the Pisgah Bear Sanctuary Black Bear Research Project in
North Carolina (1981–2002). Values were recorded for bears captured
by leghold snare (n ¼ 165) and barrel trap (n ¼ 7). Cut points for
intervals represent multiples of the upper limit of the reference interval
for captive black bears for AST (205 U/liter) and CK (421 U/liter—
Teare 2002). Serum myoglobin was not measured for black bears.
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TABLE 1.—Models selected using sample-size–adjusted Akaike Information Criterion (AICC) to test the hypothesis that the serum aspartate
aminotransferase (AST) concentration of a) grizzly bears captured for the Foothills Model Forest Grizzly Bear Research Project in western
Alberta, Canada (1999–2005), and b) American black bears captured for the Pisgah Bear Sanctuary Black Bear Research Project in North Carolina
(1981–2002) at the time of capture affected survival. The analyses are based on the capture records and resight data (by visual or radiolocation) for
57 grizzly bears and 103 black bears.
No.

Modela,b

AICC

AICC

wic

Kd

S(SEX þ AST) p(SEX) r(AGE) R(.) R9(.) F ¼ F9 ¼ 1
S(SEX  AST) p(SEX) r(AGE) R(.) R9(.) F ¼ F9 ¼ 1
S(SEX) p(SEX) r(AGE) R(.) R9(.) F ¼ F9 ¼ 1
S(SEX þ AGE) p(SEX þ AGE) r(AGE) R(.) R9(.) F ¼ F9 ¼ 1
S(SEX) p(SEX) r(.) R(.) R9(.) F ¼ F9 ¼ 1
S(SEX  AGE) p(SEX  AGE) r(AGE) R(.) R9(.) F ¼ F9 ¼ 1
S(AGE) p(AGE) r(AGE) R(.) R9(.) F ¼ F9 ¼ 1
S(SEX) p(SEX) r(.) R(.) R9(.) F(.) F9(0)
S(.) p(.) r(.) R(.) R9 (.) F ¼ F9 ¼ 1
S(SEX) p(SEX) r(.) R(.) R9(.) F(.) F9 (.)
S(SEX) p(SEX) r(AGE) R(.) ¼ R9(.) F ¼ F9 ¼ 1

2,072.6
2,073.8
2,074.0
2,078.0
2,079.1
2,080.6
2,080.6
2,081.2
2,082.1
2,083.2
2,084.3

0.00
1.21
1.35
5.34
6.50
7.97
8.00
8.55
9.44
10.62
11.69

0.46
0.25
0.24
0.03
0.02
0.01
0.01
0.01
0.00
0.00
0.00

9
10
8
10
7
12
8
8
5
9
6

S(SEX) p(AGE) r(.) R(AGE) R9(AGE) F(.) F9(.)
S(SEX  AST) p(AGE) r(AGE) R(AGE) R9(AGE) F(.) F9(.)
S(SEX þ AST) p(AGE) r(AGE) R(AGE) R9(AGE) F(.) F9(.)
S(SEX  AST) p(AGE) r(.) R(AGE) R9(AGE) F(.) F9(.)
S(AST) p(AGE) r(AGE) R(AGE) R9(AGE) F(.) F9(.)
S(SEX) p(SEX) r(.) R(SEX) R9(SEX) F(.) F9(.)
S(SEX) p(SEX) r(.) R(AGE) R9(AGE) F(.) F9(.)
S(SEX  AST) p(SEX þ AGE) r(.) R(AGE) R9(AGE) F(.) F9(.)
S(SEX) p(AGE) r(.) R(AGE) R9(AGE) F ¼ F9 ¼ 1
S(SEX) p(AGE) r(.) R(AGE) R9(AGE) F(.) F9(0)
S(.) p(.) r(.) R(.) R9(.) F(.) F9(.)

1,200.6
1,201.0
1,201.7
1,201.8
1,202.6
1,203.3
1,203.9
1,204.4
1,205.6
1,207.7
1,210.3

0.00
0.46
1.17
1.20
2.07
2.71
3.36
3.78
4.98
7.17
9.76

0.25
0.20
0.14
0.14
0.09
0.06
0.05
0.04
0.02
0.01
0.00

11
14
13
13
12
11
11
15
11
11
7

a) Grizzly bears
1
2
3
4
5
6
7
8
9
10
11
b) American black bears
1
2
3
4
5
6
7
8
9
10
11

a
Model parameters are S ¼ survival, p ¼ capture probability, r ¼ the recovery or reporting rate of dead bears, and R and R9 ¼ the probability of resighting a bear, either visually or by
radiolocation. The movement parameters F and F9 indicate permanent emigration when F9 ¼ 0, random emigration when F9 ¼ F ¼1, and Markov emigration when F(.) F9(.).
b
Variables are SEX ¼ sex and AGE ¼ mean age of bear during study; (.) is a parameter-speciﬁc constant; þ and  denote additive and interactive effects, respectively.
c
AIC weight.
d
Number of estimable parameters in model.

Values for AST exceeded the upper limit of the reference
interval for captive black bears (205 U/liter) in 66% of samples
collected from 165 leghold-snare captures and 29% of samples
from 7 barrel-trap captures. Values for CK exceeded the upper
limit of the reference interval for captive black bears (421 U/
liter) in 81% of samples collected from leghold-snare captures
and 29% of samples from barrel-trap captures. Serum
myoglobin was not measured in samples collected from black
bears.
Serum enzymes and myoglobin were positively correlated in
grizzly bears (Pearson correlation: AST versus CK—R ¼ 0.80,
P  0.001, n ¼ 193; AST versus myoglobin—R ¼ 0.69, P 
0.001, n ¼ 116; CK versus myoglobin—R ¼ 0.57, P  0.001,
n ¼ 117). Similarly, AST and CK were positively correlated in
black bears (R ¼ 0.82, P  0.001, n ¼ 172). For captures by
leghold snare, serum concentrations of CK or AST did not
correlate with body mass for grizzly bears (Pearson correlation:
P  0.13, n ¼ 73) or black bears (Pearson correlation: P 
0.62, n ¼ 163).
Muscle injury and survival.— Of 56 grizzly bears used in the
analysis, 29 were captured by remote drug delivery (28 from
a helicopter and 1 from the ground), 25 by leghold snare, and
2 by barrel trap. The sample was composed of 30 females
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(mean 6 SD, range, respectively; age ¼ 8.1 6 5.9 years, 1.9–
21.7 years) and 26 males (5.9 6 4.2 years, 1.0–17.1 years).
Mean AST concentration was 249 U/liter (SD ¼ 253.6 U/liter,
range ¼ 38–1,248 U/liter) with 55% of values . 142 U/liter,
the upper limit of the reference interval for captive grizzly bears
(Teare 2002).
We developed age-speciﬁc survival models in a progressive
manner that began with 1st determining which model described
movement pattern of grizzly bears best, that is, permanent,
random, or Markov emigration (Table 1a). Support was
stronger for a random emigration model (F ¼ F9 ¼ 1, model
5) than for permanent emigration (F9 ¼ 0, model 8) or Markov
emigration models (model 10). We determined next if a random
emigration model was affected by the biological covariates sex
and mean age of bear during the study. Support was stronger
for model 3, a model in which survival and capture probability
varied by sex and reporting rate varied by age, than for model
9, a model that does not include biological covariates. The ﬁnal
step was to determine if a biologically appropriate random
emigration model was affected by the muscle-injury covariate
AST. For bears captured more than once, this was the AST
value recorded at last capture. Overall, support was strongest
for model 1, in which AST had an additive effect on survival. A
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FIG. 2.—Probability of survival for grizzly bears as a function of
their serum concentration of aspartate aminotransferase (AST) at
capture predicted by model 1 of Table 1a. Predicted survival rates were
estimated from the records of a) 30 female and b) 26 male grizzly bears
captured for the Foothills Model Forest Grizzly Bear Project in western
Alberta, Canada, during 1999–2003. Cut points for intervals represent
multiples of the upper limit (142 U/liter) of the reference interval for
AST in captive grizzly bears (Teare 2002) with the highest value (1,248
U/liter) at .8 times the reference interval. Light-shaded areas represent
sex-speciﬁc 95% conﬁdence intervals for model 1 of Table 1a and
dark-shaded areas represent sex-speciﬁc 95% conﬁdence intervals for
model 3, a model for which AST had no signiﬁcant effect on survival
but also was supported by the data (AICC ¼ 1.35, wi ¼ 0.24). The
dashed lines denote the cumulative proportions of sampled female and
male bears falling within the increasing range of AST intervals. We
interpret these results to indicate that high AST levels may affect
survival of some grizzly bears, but if it does, reduced survival is more
likely affected by altered mobility and behavior than by direct
physiological effects, for example, circulatory collapse. The large
conﬁdence intervals around survival estimates at higher AST levels
reﬂect both the small sample sizes at these levels and the variation in
responses among individual bears.

model in which AST and sex had an interactive effect on
survival (model 2) also was supported by the analysis.
However, it did not differ in strength of support from model
3, which did not include any (AST) survival effects.
Using model 1, we plotted predicted survival curves with
associated 95% conﬁdence intervals (95% CIs) for female and
male grizzly bears with AST values ranging from 0 to 1,200
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U/liter, which approximates the observed range of 38–1,248
U/liter (Fig. 2). Although mean survival rate decreased as AST
values increased in both female and male grizzly bears, the
overall effect was weak given overlap in conﬁdence intervals
between different AST values and broadening of conﬁdence
intervals as AST values increased. The larger conﬁdence
intervals at higher AST values reﬂected to some extent the
small proportion of bears (9% or 5 of 56 bears) with AST
values  6 times the reference interval for captive grizzly
bears. At the end of the study, 13 of 31 bears with AST levels
. 142 U/liter were alive, 7 bears died, and the fate of 11 other
bears was unknown. Of the 7 deaths, 3 were legal by hunting
or in defense of life or property, 2 were illegal, and 2 were of
unknown cause with carcasses recovered at 1 week and 3
weeks after capture.
Of 103 black bears used in the analysis, 102 were captured
by leghold snare and 1 was captured by barrel trap. The sample
was composed of 42 females (mean 6 SD, range, respectively;
age ¼ 5.4 6 3.1 years, 1.0–14.0 years) and 61 males (3.8 6 2.4
years, 1.0–11.4 years). The mean AST concentration was 594
U/liter (SD ¼ 911.0 U/liter, range ¼ 39–5,340 U/liter) with
59% of values . 205 U/liter, the upper limit of the reference
interval for captive black bears (Teare 2002).
Following the same procedure used in the grizzly bear
survival analysis, we found stronger support for a Markov
emigration model (model 1; Table 1b) than for permanent
(model 10) or random emigration models (model 9). When
considering potential effects of biological covariates, support
was stronger for models where survival varied by sex, and
capture and resighting probabilities and recovery rate varied by
age than for a model without biological covariates (model 11).
We did not ﬁnd, however, substantial support for AST as
a covariate (model 1).
Mobility after capture.— We used capture and movement
records of 91 grizzly bears captured 150 times for AICC model
selection. Multiple models were supported, with many including capture-effect terms (Table 2a). The highest-ranked
models (AICC  2) indicated that movement rates varied as
a function of sex and reproductive class (female, female with
dependent offspring, or male), month, the interaction between
month and day of month, and the number of days after capture.
The month  day of month interaction suggested that trends in
movement rates within months may have differed between
bears, particularly during April and May, possibly as a result of
occupying home ranges across a wide elevational gradient, that
is, . 1,600 m. An interaction term between method of capture
and number of days after capture was supported by model 2,
but the biological signiﬁcance of this term was questionable
because model 1 was better supported with fewer capture
variables. A model without capture variables (model 10) was
not supported by the data.
Predicted movement rate for grizzly bears as a function of
the number of days after capture was represented best by
a polynomial curve (Fig. 3a). Because movement rates always
stabilized before 70 days after capture, we assumed that the
movement rate at 70 days was equivalent to the mean
population movement rate for a given sex and reproductive
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TABLE 2.—Models selected using sample-size–adjusted Akaike information criterion (AICC) to test the hypothesis that the capture and handling
of a) grizzly bears for the Foothills Model Forest Grizzly Bear Research Project in western Alberta, Canada (1999–2005), and b) American black
bears for the Pisgah Bear Sanctuary Black Bear Research Project in North Carolina (1981–2002) caused a measurable decrease in their daily
movement rates in the days after capture. The analyses are based on capture and movement records for 91 grizzly bears captured 150 times and
128 black bears captured 196 times.
Variablesa
No.
a) Grizzly bears
1
2
3
4
5
6
7
8
9
10

Biological and sampling

Capture

REP, MONC, MONC  DAYM
REP, MONC, MONC  DAYM
REP, MONC, MONC  DAYM
MONC, MONC  DAYM
REP, MONC
REP, MON, MON2
REP, MONC, MONC  DAYM
REP, DAYJ
REP, MON, MON  DAYM
REP, MONC, MONC  DAYM

DAYC,
DAYC,
DAYC,
DAYC,
DAYC,
DAYC,
DAYC,
DAYC,
DAYC,

DAYC2,
DAYC2,
DAYC2,
DAYC2,
DAYC2,
DAYC2,
DAYC2
DAYC2,
DAYC2,

DAYC3
DAYC3, CAP  DAYC
DAYC3, REP  DAYC
DAYC3, REP  DAYC
DAYC3
DAYC3

FIX,
FIX,
FIX,
FIX,
FIX,
FIX,
FIX,
FIX,
FIX,
FIX,

DAYC,
DAYC,
DAYC,
DAYC,
DAYC,
DAYC,
DAYC,
DAYC,
DAYC,

DAYC2,
DAYC2,
DAYC2,
DAYC2,
DAYC2,
DAYC2,
DAYC2,
DAYC2,
DAYC2,

DAYC3
DAYC3, DAYC  MON
DAYC3
DAYC3
DAYC3, DAYC  AGE
DAYC3
DAYC3, DAYC  CAP
DAYC3
DAYC3

DAYC3
DAYC3

AICC

AICC

wib

Kc

22,897.7
22,899.5
22,901.6
22,909.9
22,923.3
22,931.3
22,934.6
22,943.6
22,945.7
22,958.9

0.0
1.8
3.9
12.2
25.6
33.6
36.9
46.0
48.0
61.2

0.64
0.26
0.09
0.00
0.00
0.00
0.00
0.00
0.00
0.00

17
18
19
17
13
12
16
11
15
14

9,937.6
9,938.2
9,939.0
9,939.4
9,940.3
9,940.9
9,941.5
9,941.7
9,941.8
9,960.0

0.0
0.6
1.4
1.8
2.7
3.3
3.9
4.1
4.2
22.4

0.28
0.21
0.14
0.11
0.07
0.05
0.04
0.04
0.03
0.00

13
13
12
12
13
14
13
11
16
10

b) American black bears
1
2
3
4
5
6
7
8
9
10

REP,
REP,
REP,
REP,
REP,
REP,
REP,
REP
REP,
REP,

MON, AGE
MON
MON
MON2
MON
MON
MON
MONC
MON, AGE

a
Variables are AGE ¼ age in years, CAP ¼ capture method (leghold snare and helicopter darting for grizzly bears, and leghold snare and barrel trap for black bears), DAYC ¼ number
of days after capture, DAYJ ¼ Julian day, DAYM ¼ day of month, FIX ¼ time interval between location ﬁxes in hours, MON ¼ month as a continuous variable, MONC ¼ month as
a categorical variable, REP ¼ sex and reproductive class (male, female, or female with dependent offspring), and  indicates an interaction term.
b
AIC weight.
c
Number of estimable parameters in model.

class in a given month. Mean movement rate immediately after
capture was approximately 57% of normal (95% CI ¼ 45–
74%) with slight differences between reproductive classes and
months. Using a jackknife procedure to estimate standard
errors on model 1, we determined movement rates to peak at 28
days (SE ¼ 4.3 days, 95% CI ¼ 20–37 days) after capture
irrespective of sex and reproductive class or month of capture.
We used capture and movement records of 128 American black
bears captured 196 times for AICC model selection. Multiple
models were supported, with most including capture-effect terms
(Table 2b). The highest-ranked models (AICC  2) indicated
that movement rates varied as a function of the time interval
between location ﬁxes, sex and reproductive class, month, age,
and the number of days after capture. A model without capture
variables (model 10) was not supported by the data.
As with grizzly bears, predicted movement rates for black
bears as a function of number of days after capture was
represented best by a polynomial curve in which movement
rates increased after capture then settled to an approximate
mean value (Fig. 3b). Mean movement rate immediately after
capture was approximately 77% of normal (95% CI ¼ 64–
88%) with slight differences between reproductive classes and
months. Using a jackknife procedure to estimate standard
errors on the most-supported model, we determined movement
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rates to plateau at 36 days (SE ¼ 8.6 days, 95% CI ¼ 19–53
days) after capture irrespective of sex and reproductive class,
month of capture, or age. We also found that the time interval
between location ﬁxes affected estimation of movement rates
such that movement rates became less as the interval between
location ﬁxes increased.
Mobility and muscle injury.— We examined the potential
effect of muscle injury on movement rates by including serum
concentration of AST in both species, and myoglobin in grizzly
bears, as an interaction term with number of days after capture
in the most-supported models from Table 2. The data set for
these analyses was reduced to 96 captures involving 50 unique
bears because AST and myoglobin values were not available
for all captures. A model with AST as a covariate was more
supported than model 1 in Table 2a by 2.5 AICC units.
However, a model with myoglobin as a covariate was not
supported. As with the data for grizzly bears, the data set for
black bears was reduced to 183 captures involving 63 unique
bears. A model with AST as a covariate was more supported
than model 1 in Table 2b by 3.9 AICC units. Inspection of plots
suggested that initial movement rates were lower for all sex and
reproductive classes in both species when AST concentrations
were high, such that mean movement rates for bears with AST
levels 3–4 times greater than the upper limit of the reference
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FIG. 4.—The numbers of individual a) grizzly bears and b)
American black bears captured as a function of the number of captures
occurring during the Foothills Model Forest Grizzly Bear Project in
western Alberta, Canada (1999–2005), and the Pisgah Bear Sanctuary
Black Bear Research Project in North Carolina (1981–2002).

FIG. 3.—The movement rates for a) grizzly bears captured for the
Foothills Model Forest Grizzly Bear Research Project in western
Alberta, Canada (1999–2005), and b) American black bears captured
for the Pisgah Bear Sanctuary Black Bear Research Project in North
Carolina (1981–2002), as a function of the number of days after
capture predicted from the most-supported model for each species in
Table 2. The analyses are based on capture and movement records of
91 grizzly bears captured 150 times and 128 black bears captured 196
times. The plots are standardized for female grizzly bears (all ages)
and female black bears (2.9 years old) without dependent offspring
captured during the month of May.

interval were depressed approximately 20% more than mean
movement rates for bears with normal AST levels.
Body condition and repeated captures.— We used capture
records and BCI values from 127 grizzly bears captured 239
times to determine effect of repeated captures on body
condition. Eighty-ﬁve bears were captured once only, whereas
42 bears were captured 2–8 times (Fig. 4a). Each sex and
reproductive class (female, female with dependent offspring, or
male) was adequately represented, that is, 28–50 bears per
class. Multiple AICC models were supported, with the 4 mostsupported models (AICC  2) all including capture-effect
terms (Table 3a). The highest-ranked model (model 1)
indicated BCI values varied as a function of sex and reproducDownloaded from https://academic.oup.com/jmammal/article-abstract/89/4/973/872341
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tive class, age, year, number of times captured, and an interaction between number of times captured and year. Another
model with no capture effects (model 5) was marginally
supported (AICC ¼ 2.04).
Mean BCI values generally increased with age in all reproductive classes (females, females with dependent offspring, or
males). Rate of increase, however, was affected by the number
of times a bear was captured such that bears captured
repeatedly showed a slower rate of increase in BCI value with
age than did bears captured once only (Fig. 5a). The difference
in mean predicted BCI value between a 9-year-old bear
captured once and a 9-year-old bear captured 5 times was 1.45,
which is equivalent to a difference in body mass of
approximately 25% (Cattet et al. 2002). The difference in
body mass when captured 3 times was approximately 14%.
Ideally for Fig. 5, we should have shown predicted curves
for all levels of multiple captures (2–10) encountered in this
study. Doing so, however, would have resulted in either
a single ﬁgure cluttered with many curves and overlapping
conﬁdence intervals, or a single ﬁgure with a cumulative curve
(representing all capture levels  2) with a large error that
would obscure any distinction with the curve for ‘‘captured
once only,’’ or many additional ﬁgures with 1 for each capture
level. We chose instead to show predicted curves for bears
captured 5 times because this level was approximately
midrange for number of captures per individual grizzly bear
(2–8) and black bear (2–10). Because capture effect is directly
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TABLE 3.—The models selected using sample-size–adjusted Akaike information criterion (AICC) to test the hypothesis that changes over time
in the body condition of a) grizzly bears captured for the Foothills Model Forest Grizzly Bear Research Project in western Alberta, Canada
(1999–2005), and b) American black bears captured for the Pisgah Bear Sanctuary Black Bear Research Project in North Carolina (1981–2002)
were affected by the number of times a bear was captured. The analyses are based on capture records and body condition index values for 130
grizzly bears captured 241 times and 207 black bears captured 299 times.
Variablesa
No.
a) Grizzly bears
1
2
3
4
5
6
7
8
9
10

Biological and sampling
REP,
REP,
REP,
REP,
REP,
REP,
REP,
REP,
REP,
REP,

AGE, YR, YR2
AGE, YR, YR2, MON
AGE, YR, YR2
AGE, YR, YR2
AGE, YR, YR2
AGE, YR, YR2, REP  AGE
AGE, YR, YR2
AGE2, YR, YR2
AGE, YR, YR2
AGE, YR2

REP,
REP,
REP,
REP,
REP,
REP,
REP,
REP,
REP,
REP,

REP  YR, AGE,
REP  YR, AGE,
REP  YR, AGE,
REP  YR, AGE,
REP  YR, AGE,
REP  YR, AGE,
REP  YR, AGE,
AGE, AGE  YR
REP  YR, AGE,
REP  YR, AGE,

Capture
NO,
NO,
NO,
NO,

NO
NO
NO
NO






YR2
YR2
YR
YR, CAP  YR

NO, NO  YR2
NO  YR2
NO, NO  YR2
NO
NO  YR

AICC

AICC

wib

Kc

293.8
294.3
294.5
294.7
295.9
296.0
296.5
296.7
297.2
297.7

0.00
0.50
0.70
0.89
2.04
2.12
2.70
2.90
3.35
3.85

0.21
0.17
0.15
0.14
0.08
0.07
0.06
0.05
0.04
0.03

10
11
10
11
8
12
9
10
9
9

655.3
656.7
657.2
657.6
657.9
658.3
658.6
659.7
660.9
661.8

0.0
1.0
1.4
1.9
2.2
2.6
2.8
3.9
5.1
6.1

0.28
0.17
0.14
0.11
0.09
0.08
0.07
0.04
0.02
0.01

16
17
12
17
20
18
14
12
15
10

b) American black bears
1
2
3
4
5
6
7
8
9
10

AGE
AGE
AGE
AGE
AGE
AGE
AGE









YR
YR
YR
YR, MON
YR, REP  AGE
YR
YR

AGE  YR
AGE  YR, REP  AGE

NO, NO  YR
NO, NO  YR, CAP  YR
NO, NO  YR
NO, NO  YR
NO, NO  YR
NOC, NOC  YR
NO, NO  YR
NO  YR

a
Variables are AGE ¼ age in years at time of capture, CAP ¼ capture method, MON ¼ month of capture, NO ¼ number of times a bear was captured, NOC ¼ categorical number of
times a bear was captured, REP ¼ sex and reproductive class, YR ¼ year of capture, and  indicates an interaction term.
b
AIC weight.
c
Number of estimable parameters in model.

proportional to number of times captured, however, one can
interpolate that curves for capture levels from 2 to 4 fall
between predicted curves shown in Fig. 5 and curves for
capture levels . 5 fall below the curve for 5 captures.
To determine if a grizzly bear’s body condition affected its
probability of being captured, we used the most-supported
biological covariate model (model 3 from Table 1a) with BCI
added as a covariate for recapture rate to estimate a slope
coefﬁcient for the relationship between recapture rate and BCI,
that is, S(SEX) p(SEX þ BCI) r(AGE) F(.). The estimated
logit-scale slope was 0.82 (SE ¼ 0.49, 95% CI ¼ 0.14–1.79),
suggesting a positive relationship between recapture rate and
BCI. Because a slope of 0 was within the conﬁdence interval,
however, we considered the relationship insigniﬁcant.
We used capture records and BCI values from 207 American
black bears captured 299 times to look at the effect of repeated
captures on body condition. One hundred nine bears were
captured once only, whereas 98 bears were captured 2–10 times
(Fig. 4b). Overall, juvenile males were captured most often
(102 captures) and adult females with dependent offspring least
often (28 captures). Multiple AICC models were supported,
with the 4 most-supported models (AICC  2) all including
capture-effect terms (Table 3b). The highest-ranked model
(model 1) indicated that BCI values varied as a function of sex
and reproductive class, age, number of times captured, and
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interactions between sex and reproductive class and year, age
and year, and number of times captured and year.
As with grizzly bears, mean BCI values for black bears
generally increased with age in all reproductive classes, and
rate of increase was similarly affected by number of times
a bear was captured (Fig. 5b). The difference in mean predicted
BCI value between a 15-year-old bear captured once and a 15year-old bear captured 5 times was 0.73 for females and males
and 0.57 for females with dependent offspring, which is
equivalent to differences in body mass of approximately 14%
for female and male black bears and 11% for females with
dependent offspring (Cattet et al. 2002). The difference in body
mass when captured 3 times was approximately 7% in all sex
and reproductive classes.
To determine if a black bear’s body condition affected its
probability of being captured, we used the most-supported
biological covariate model (model 1 from Table 1b) with BCI
added as a covariate for recapture rate to estimate a slope
coefﬁcient for the relationship between recapture rate and BCI,
that is, S(SEX) p(AGE þ BCI) r (.) F(.). The estimated logitscale slope was 0.042 (SE ¼ 0.18, 95% CI ¼ 0.38–0.30),
suggesting a negative relationship between recapture rate and
BCI. However, we considered the relationship insigniﬁcant
because, similar to the grizzly bear analysis, a slope of zero was
within the conﬁdence interval.

984

JOURNAL OF MAMMALOGY

FIG. 5.—The relationship between body condition index (BCI) of
a bear and its age as a function of number of times it was captured
(once or 5 times) over the course of its lifetime predicted from the
most-supported model for each species in Table 3. The analyses are
based on capture records and BCI values for 130 grizzly bears
captured 241 times and 207 black bears captured 299 times. The plots
are standardized for a) male grizzly bears captured for the Foothills
Model Forest Grizzly Bear Research Project in western Alberta,
Canada (1999–2005), and b) male American black bears captured for
the Pisgah Bear Sanctuary Black Bear Research Project in North
Carolina (1981–2002). Although the age range for black bears (1–14
years) corresponds with the range of ages measured in captured male
black bears, the age range for grizzly bears has been truncated at 9
years so that the total time interval of 6 years corresponds to the
duration of sampling for this project, that is, 1999–2005. Ideally, we
should have shown predicted curves for all levels of multiple captures
(2–10) encountered in this study but this would have caused confusion
and obscured any distinction with the curve for predicted BCI of bears
‘‘captured once only.’’ We chose instead to show predicted curves for
bears captured 5 times because this level was approximately midrange
for number of captures per individual grizzly bear (2–8) and black bear
(2–10). However, because capture effect is directly proportional to
number of times captured, one can interpolate that curves for capture
levels from 2 to 4 fall between predicted curves shown in the ﬁgure
and curves for capture levels . 5 fall below the curve for ‘‘captured
5 times.’’

DISCUSSION
We conducted a retrospective study using standard types of
data (serum biochemistry, radiotelemetry, capture–recapture,
and body condition) collected in many conservation-oriented
studies involving carnivores. Our goal was to evaluate whether
long-term (1 month) effects of capture and handling were
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by guest
on 12 June 2018

Vol. 89, No. 4

detectable and, if so, to identify possible implications this could
have for the welfare of released animals and the interpretation
of research results. Our analysis of data collected from 2
independent studies involving 2 species of bears, in geographically distinct areas, suggest that capture and handling
affected study animals for a much longer duration than has
been recognized generally. Speciﬁcally, we found evidence
that: capture caused signiﬁcant muscle injury in some bears,
especially when captured by leghold snare; movement rates of
many bears were affected for weeks after capture; and body
condition of bears was negatively affected by capture, an effect
directly proportional to the number of times a bear was
captured and more evident with age.
Capture-related muscle injury.— Based on serum muscle
enzyme (AST and CK) values from captures of 213 grizzly
bears and 172 American black bears, we conclude that signiﬁcant capture-related muscle injury (i.e., enzyme levels above
reference interval values for captive bears) was indicated in
samples collected from 102 grizzly bears captures and 134
black bear captures. Further, we believe extreme AST values
(.5 times upper reference limit) measured in samples from 7
(6%) grizzly bears and 29 (18%) black bears captured by
leghold snare were consistent with the occurrence of exertional
(capture) myopathy, a noninfectious disease of wild and domestic animals characterized by damage to skeletal and cardiac
muscles and associated with physiological imbalances following extreme exertion, struggle, and stress (Bartsch et al. 1977;
Williams and Thorne 1996). Although AST in serum can originate from tissues other than muscle (e.g., liver and red blood
cells), its strong positive correlation with concentrations of CK
and myoglobin in grizzly bears, and with concentrations of CK
in black bears, suggest that it was derived mostly from muscle.
Because serum concentrations of some blood constituents,
including muscle enzymes, can be inﬂuenced by capture and
handling, reference intervals for normal values are difﬁcult to
determine in wild species. As an alternative, we used reference
intervals for captive grizzly bears and black bears (Teare 2002)
as a frame of reference for comparison of muscle enzyme
concentrations. Observation that serum muscle enzyme levels
in wild black bears immobilized remotely by using drug-ﬁlled
darts mounted on radiocollars (Powell 2005) are similar to
those of captive black bears (mean 6 SD; wild versus captive:
AST—85 6 15 U/liter versus 101 6 52 U/liter; CK—133 6
34 U/liter versus 163 6 129 U/liter) corroborates comparisons
between wild and captive counterparts. In our study, serum
AST values in grizzly bears exceeded the upper limit of the
reference interval for captive grizzly bears in 48% of samples
measured, with the highest value (1,665 U/liter) at 12 times the
upper limit, and serum CK values exceeded the upper limit of
the reference interval in 40% of samples measured, with the
highest value (37,280 U/liter) at 96 times the upper limit.
Serum AST values in black bears exceeded the upper limit of
the reference interval for captive black bears in 55% of samples
measured, with the highest value (5,340 U/liter) at 26 times the
upper limit, and serum CK values exceeded the upper limit of
the reference interval in 78% of samples measured, with the
highest value (109,780 U/liter) at 261 times the upper limit.
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Muscle injury associated with capture and handling is the most
likely explanation for these differences, a conclusion supported
by ﬁndings from this and previous studies (e.g., Hellgren et al.
1989; Huber et al. 1997) that conﬁrm that method of capture
affects muscle enzyme levels. In general, capture by leghold
snare is associated with higher levels of muscular exertion and
injury than capture by helicopter darting or barrel trap (Cattet et
al. 2003b; Powell 2005). For both species in our study, AST
and CK concentrations in serum samples collected from bears
captured by leghold snare exceeded the upper limit of reference
intervals in greater proportion and magnitude than measured in
samples collected from bears captured by other methods.
Serum levels of CK, AST, and myoglobin released from
damaged muscle are used to assess occurrence and severity of
muscle injury in human and veterinary laboratory medicine
(Singh et al. 2005; Williams and Thorne 1996). These
measures, however, provide only a ‘‘rough’’ indication of the
extent of muscle ﬁber destruction; their accuracy as markers of
muscle injury is constrained by the fact that serum concentrations reﬂect the net outcome of 2 dynamic opposing
processes—leakage from damaged muscle and clearance from
blood circulation. Nevertheless, there is ample evidence from
other studies to suggest that muscle injury was signiﬁcant, if
not severe, in some grizzly bears and black bears based on
comparisons of the magnitude of difference between measured
values and upper limits for reference intervals. If we consider
AST levels, we recorded values ingrizzly bears as much as 12
times the upper limit, and in black bears as much as 26 times
the upper limit. By comparison, roe deer (Capreolus capreolus)
that died of capture myopathy had 3- to 4-fold increases in
serum AST level at 6–9 h after capture (Montané et al. 2002);
red foxes (Vulpes vulpes) with exertional myopathy caused by
capture with unpadded leghold traps had AST levels 13- to 16fold greater than levels measured in free-ranging foxes shot as
controls (Kreeger et al. 1990); horses (Equus caballus) with
severe hind-limb muscle injury (Dabareiner et al. 2004) or
severe diaphragmatic necrosis (Valentine et al. 2002) had 3- to
24-fold increases in serum AST level; and children with limbs
crushed during an earthquake had 20- to 26-fold increases in
mean serum AST level depending on whether 1 limb or
multiple limbs were crushed (Dönmez et al. 2001). In addition
to comparisons with published data, we also conﬁrmed
diagnosis of severe exertional myopathy in a grizzly bear that
died 10 days after capture by leghold snare (Cattet et al., in
press). Its serum AST concentration at capture (894 U/liter)
was 6 times the upper limit of the reference interval for captive
grizzly bears.
We suspect that factors contributing to the development of
exertional myopathy in snared bears are similar to those
identiﬁed for other species (Williams and Thorne 1996),
primarily extreme stress induced by capture and extreme
exertion while struggling to escape the snare. Nonetheless, we
have no evidence to suggest that this condition is a direct cause
of long-term mortality in bears. Analysis of survival rates in
this study suggested that probability of survival for some
grizzly bears decreased when AST levels were high, but the
effect was weak, with conﬁdence intervals at different AST
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values overlapping and the conﬁdence interval around the
mean probability of survival increasing as serum AST level
increased (Fig. 2). We interpret these results to indicate that
exertional myopathy may affect survival of some grizzly bears,
but if it does, it is more likely as a consequence of altered
behavior leading to increased vulnerability to death by hunting
or poaching, or less success at acquiring resources (e.g., food
and shelter), than as a direct result of adverse physiological
effects, for example, circulatory collapse. We have no explanation for why high AST levels had no signiﬁcant effect on
survival of black bears in our study, even though a larger
fraction (18% versus 6%) of those caught in snares had extreme
values of AST consistent with exertional myopathy.
After muscle injury, increased concentrations of CK and
myoglobin persist only a day or two (Lappalainen et al. 2002),
and of AST as long as 5–7 days (Krefetz and McMillin 2005;
Latimer et al. 2003), unless the injury is progressive. In our
study, we found no evidence of persistently high (or low)
serum AST, CK, or myoglobin concentrations in bears captured multiple times. Even in grizzly bears and black bears
captured 2 or 3 times within periods ranging from 1 to 3 weeks,
serum AST, CK, and myoglobin concentrations appeared
mostly to reﬂect method of capture, being high when captured
by leghold snare and lower when captured by helicopter darting
or barrel trap. Although increases in serum muscle enzymes
and myoglobin are short-term after muscle injury, the duration
required for injured muscle to heal and for muscle function to
return to normal is considerably longer. With minor injury,
skeletal muscle can repair and regenerate within 4–8 weeks
(Hill et al. 2003; Schneider-Kolsky et al. 2006). With more
severe or extensive injury, pathologic changes to muscle
structure (necrosis, mineralization, and atrophy) can affect
strength and range of motion for a much longer duration
(Porzio et al. 1997; Ross et al. 1999).
Mobility after capture.— Immediately after capture, movement rates of grizzly bears and American black bears were
reduced for 3–6 weeks before returning to mean levels.
Although numerous studies have investigated potential effects
of capture on use of space by radiocollared animals (e.g., Chi
et al. 1998; Moa et al. 2001; Windberg and Knowlton 1990),
we are aware of only a few studies that have looked at movement rates in relation to capture and handling. Amstrup and
Beecham (1976) and Craighead and Craighead (1972) concluded that the impact of research activity on daily movement
rates of black bears and grizzly bears appeared to be negligible
in their respective studies. We found, however, that sensitivity
of detecting differences in movement rates of black bears
diminished quickly as the interval between location ﬁxes
increased, a ﬁnding that underscores an advantage of the
greater temporal resolution of GPS collars over conventional
VHF transmitters, as has been described by others (Obbard
et al. 1998; Schwartz and Arthur 1999). Consequently,
Amstrup and Beecham (1976) and Craighead and Craighead
(1972) may not have detected changes in movement because of
long intervals between location estimates.
Our analysis identiﬁed that movement rates of bears also
were inﬂuenced by month of year, day of month, and
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reproductive class of bear. Other studies have shown that
different reproductive classes move at different rates, especially
during the spring breeding season when male grizzly and black
bears move at greater rates than do females (Amstrup and
Beecham 1976; Ballard et al. 1982; Powell et al. 1997). This
has been explained as movements of females reﬂect efforts to
secure food sources, whereas movements of males maximize
overlap with home ranges of females (Powell et al. 1997;
Rogers 1987). Daily movement rates of grizzly bears in our
study differed by day of month as well as by month. A
plausible explanation for this interaction between day and
month is that the grizzly bear study involved animals inhabiting
home ranges across a wide elevational gradient (.1,600 m).
Between extremes of home ranges in alpine versus lowelevation agricultural areas, differences in local climate (e.g.,
precipitation and snowmelt) and plant phenology likely
affected movement rates of grizzly bears in different ways at
different times (Munro et al. 2006). This was especially evident
during April and May when snow was still plentiful at higher
elevations and bears remained in or near dens, but at lower
elevations snow was scarce and bears were moving in search of
food. In general, through consideration of these biological and
environmental factors and their potential interactions in our
models, we were able to account for more bear-to-bear
variation in movement rates and increase the power of the
analyses to detect capture effects.
Severity of muscle injury, as reﬂected by serum AST
concentrations, affected movement rates of grizzly bears and
black bears. However, this effect was evident only in bears with
AST levels . 3 times the upper limit of the reference interval.
Movement rates also were depressed in bears with low AST
levels but this likely was caused by factors other than muscle
injury, because the prolonged effect of capture on movement
rates occurred in many bears irrespective of capture method
used. This ﬁnding warrants more detailed investigation of
speciﬁc and cumulative effects of other stressors that bears may
be exposed to during and after capture, for example, sample
collection, marking, and carrying radiotransmitters.
Body condition and repeated captures.— The ﬁnding that
capture and handling affected movement rates for a prolonged
period in many bears prompted us to question whether
alterations in movement rates could in turn affect assimilation
and use of stored energy. As a measure of stored energy, we
used a BCI developed for bears that correlates well with the
combined mass of fat and skeletal muscle in a bear relative to
its body size (Cattet et al. 2002). Because it is not possible to
calculate a BCI value for a bear without 1st capturing it, we
compared body condition in bears captured once only or
captured the 1st time (the control group) to body condition in
bears captured repeatedly (2 times; the treatment group). We
hypothesized that capture and handling affected changes over
time in body condition of bears in a negative manner, and the
effect would be proportional to the number of times a bear was
captured. An implicit assumption in this analysis was that bears
captured once and bears captured repeatedly would show
similar relationships between body condition and age in the
absence of captures. In other words, bears captured repeatedly
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also were a random sample of the population. This assumption
was supported by the fact we were unable to conﬁrm a signiﬁcant relationship between BCI values for individual bears
and their probability of being captured (or recaptured).
We found that body condition in both species tended to
increase with age, but rate of change was inversely proportional
to number of times a bear was captured, that is, the more often
a bear was captured, the lower its age-related rate of change in
body condition. Further, this effect became more apparent with
age. When translating BCI values into body mass (kg) and
comparing between adult bears captured 3 times versus bears of
the same age and length captured once, we found a difference
in body mass of approximately 14% in grizzly bears and 7% in
black bears, and when comparing with bears captured 5 times,
a difference in body mass of approximately 25% in grizzly
bears and 11–14% in black bears. The signiﬁcance of a greater
effect on grizzly bears is uncertain given that a model without
capture effects (model 5 in Table 3a) was marginally supported
by our analysis (AICC ¼ 2.04). Nevertheless, we conclude
that a long-term consequence of capture and handling for both
species is a reduction in energy storage and the magnitude of
this effect increases with the number of captures. We suggest
that this effect may occur because either energy intake is
decreased (e.g., reduced foraging), or energy use is increased
(e.g., healing of injured tissues), or a combination of both.
The negative effects of capture and handling on body
condition have potential, in turn, to affect reproduction and
lean body growth negatively, especially in bears captured
multiple times. The relationships between body condition and
these biological functions have been examined in many
mammals (Boltnev et al. 1998; Gittleman and Thompson
1988), including grizzly bears (Stringham 1990b), black bears
(Samson and Hout 1995; Stringham 1990a), and polar bears
(Ursus maritimus—Atkinson and Ramsay 1995; Atkinson
et al. 1996). Among bears, solitary adult females that enter dens
in autumn in poor body condition are least likely to be seen
with offspring the following spring. For those that produce
cubs successfully, litter weight at den emergence is dependent
upon their body condition in the previous autumn (Atkinson
and Ramsay 1995; Samson and Hout 1995). Individuals with
better body condition produce heavier cubs. For polar bears,
heavier cubs are more likely to survive their 1st spring to
summer period on the sea ice (Ramsay and Stirling 1988) and,
in the case of females, are more likely to become large adults
(Atkinson et al. 1996). We expect that heavier grizzly and
black bear cubs also survive better.
Implications for wildlife welfare and research.— Although
our ﬁndings have important implications for researchers and
management agency personnel involved in the capture and
handling of bears, we believe they are also pertinent to the
conservation, research, and management of other wild
carnivores. Indeed, methods of capture we used and types of
data we collected are common to many research programs. It
seems plausible that different species also will respond
similarly when faced with similar stressors. This possibility
should at the very least challenge persons capturing wild
animals to evaluate their capture procedures and research
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results carefully. Without this effort, one cannot conclude with
any certainty that capture effects are negligible.
A welfare implication of this study concerns use of leghold
snares, a method of capture used commonly for ursids, but also
for other wild carnivores, especially canids and felids. Our
ﬁndings show that capture by this method relative to capture by
helicopter darting and barrel traps is more likely to cause
signiﬁcant muscle injury (serum muscle enzyme levels .
reference values), and in some cases exertional myopathy
(serum muscle enzyme levels . 5 times reference values).
Further, high serum levels of muscle enzymes detected in
American black bears captured by leghold snare in this study
suggest that use of cushioning devices, such as automobile
hood springs, may not reduce severity of muscle injury or risk
of exertional myopathy. Obviously, need exists to modify
application of this method to reduce injury or to develop safer
capture techniques that are as effective and practical as leghold
snares. Use of trap-monitoring devices that signal when a bear
is captured, therefore minimizing restraint time, may help
reduce capture-related injury and enable researchers to determine duration of restraint (Larkin et al. 2003). Use of
motion-activated video cameras at trap sites would allow
researchers to assess animals’ reactions to capture, which could
potentially aid in development of better snaring techniques by
illustrating how injury occurs, and how injury may be avoided.
In parallel with developing and improving traps, there is also
need to develop sensitive techniques to detect and evaluate
injury on-site before a captured animal is released. Analysis of
serum biochemical markers, as was done in our study, is of
limited use because of the delay between collection and
analysis of blood.
Another welfare implication is the potential negative effect
of multiple captures of individual animals on body condition.
As body condition fades, so too does an animal’s potential for
growth, reproduction, and survival. Clearly, researchers need to
ﬁnd ways to minimize occurrence of repeated captures of
individual animals and for mark–recapture–type study designs
where repeated sampling is required, explore the feasibility of
less invasive approaches than animal capture, for example,
DNA hair census.
A research implication of this study is that failure to
recognize and account for long-term effects of capture and
handling can potentially confound results leading to erroneous
interpretations. For example, descriptions of activity patterns or
determination of home ranges may be inaccurate if time
elapsed after capture is not considered as a potential factor in
analysis of movement rates or locations. Similarly, interpretation of body condition trends in association with environmental
variables (e.g., measures of habitat quality) may be incorrect if
number of times an animal is captured is not also considered in
analyses as a potentially confounding factor.
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POTENTIAL CONFLICT OF INTEREST DISCLOSURE
Mention of trade names is for identification purposes only and does not constitute
endorsement or disendorsement by NWR. Readers should note that a ‘potential conflict of
interest’ describes a circumstance or association, not a behavior, and does not imply that one
exists. In its normal course of business activities NWR adopts a policy of ’transparency’ in
such matters that might be perceived as interfering with objectivity and impartiality in dealing
with clients who request scientific advice. This document has been prepared with due regard
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commercial interest in developing the Tranquilliser Trap Device (TTD) and Lethal Trap
Device referred to in this document.

CITATION SYSTEM IN THIS DOCUMENT
The senior author is cited in the text with the date of publication followed by ‘et al.’ to denote
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easier incorporation of citations into tables.
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ACTH
AEC
ALB
ALP
ALT
Anxiety
AST
ATP
Autotomy
Canid
ClCK
CK-MM sub-fraction
CNS
dB
Exotic pest
Feral pest
Foot-hold trap

Fourth (4th) generation
Victor Soft-Catch trap

Gl
Hb
HbO
HPA
IM
Ischemia
ISO
Jaw spread
Laminated steel jaw
traps
LDH
Leg-hold trap

LIP
LTD
Macropods
MCV
mg kg-1
N
Na

Adrenocorticotrophic hormone
Animal Ethics Committee
Albumin
Alkaline phosphatase
Alanine aminotransferase
Prolonged apprehension or worry that may affect mood, behavior and physiological activity
Aspartate aminotransferase
Adenosine triphosphate
Removal (usually by biting or chewing) by an animal of its own appendage as a means to
escape and self-directed trauma in response to nerve injury
Member of the family ‘Canidae’ (eg. dogs and foxes)
Chloride
Creatine phosphokinase
Isoenzyme sub-fraction of CK expressed by skeletal muscles
Central Nervous System
Decibel – a unit of relative sound loudness
A species translocated from a foreign ecosystem now existing in a free-living (wild) state
that is considered to negatively impact upon a particular resource or value
A once domesticated species now existing in a free-living (wild) state that is considered to
negatively impact upon a particular resource or value
A trap employing two jaws hinged and held open by a trigger mechanism that when stepped
on closes by spring action around the foot or leg, preventing the animal from escaping.
Some overseas trapping standards and commercial literature define a foot-hold trap as one
where the ‘jaw spread’ is less than six inches. In this review the terms leg-hold and foothold are used interchangeably as specified by the authors cited and with reference to
Victorian legislation that makes no distinction between leg-hold and foot-hold traps
A padded (‘rubber jawed’) trap manufactured by Woodstream Corporation in Pennsylvania
(USA) that has been progressively modified since its initial versions were reported in
published studies in the early 1980s. Published accounts since the early 1990s assess ‘4th
generation’ versions that are reported to have greater efficacy and different attributes
compared to previous trap generations
Glucose
Haemoglobin
Oxyhaemoglobin
Hypothalamic-pituitary-adrenal axis
Intra-muscular
A decrease in the blood flow to a tissue or organ
International Organisation for Standardization
Distance between opposing jaws of leg-hold (or foot-hold) traps when open and set
Flat jaw (no teeth or serrations) style leg-hold trap, with metal added to the jaws to increase
their surface area
Lactate dehydrogenase
A trap employing two jaws held open by a trigger mechanism that when stepped on closes
by spring action around the foot or leg, preventing the animal from escaping. Some overseas
trapping standards and commercial literature define a leg-hold trap as one where the ‘jaw
spread’ is greater than six inches. In this review the terms ‘leg-hold’ and ‘foot-hold’ are
used interchangeably as specified by the authors cited and with reference to Victorian
legislation that makes no distinction between leg-hold and foot-hold traps
Lipase
Lethal Trap Device
Member of the family Macropodidae (eg. kangaroos and wallabies)
Mean corpuscular volume
Milligrams per kilogram
Newtons – a unit of force
Sodium
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GLOSSARY OF ABBREVIATIONS AND TERMS cont.

N:L ratio
Non-target species
NT:T ratio
Oedema
Pain
PCV
RBC
RCC
Self-mutilation
Serrated steel jaw trap
Soft jaw or rubber jaw
traps
Target species
TP
Treadle-snare

TS
TTD
WBC
WCC
WTO

Neutrophil to lymphocyte ratio
Animals that are not the target of control and are ‘by-catch’ or affected unintentionally
Non-target to target species ratio
The presence of abnormally large amounts of fluid in the intercellular tissue spaces
An unpleasant sensory and emotional experience associated with actual or potential tissue
damage or described in terms of such damage
Packed cell volume
Red blood cell
Red (blood) cell count
Used to describe self-inflicted bite wounding, usually of trapped limb
Tooth-style leg-hold trap made from steel and spring operated by pressure applied to a plate
or treadle in the centre of the device
Flat jaw (no teeth) style leg-hold traps which have rubberised padding added to the jaws and
is spring operated by pressure applied to a plate or treadle in centre of the device
Animals that are the target of control and captured or affected intentionally
Total protein
Tennis racquet-shaped device, spring arm operated by pressure applied to a plate or treadle
in centre of the device which pulls tight on a cable that may be plastic/rubber coated that
snares the animal
Trap selectivity – one measure of the ‘target-specificity’ of a trap
Tranquilliser Trap Device
White blood cell
White cell count
World Trade Organisation
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(ii)

EXECUTIVE SUMMARY
BACKGROUND
1. In a significant portion of the current distribution of sheep and cattle in Australia, the
dingo (Canis lupus dingo) and its hybrids (generically known as wild dogs) are
implicated as a predator of livestock (predominantly sheep). Surplus killing
behaviour of dingoes may result in a large number of livestock deaths and wounding.
2. In Australia, trapping and leg-hold snaring is mainly used for wild dog control in
locations where shooting or poison baits are deemed to be inappropriate given
proximity to settlements, where baiting has little impact or where legal restrictions are
imposed on where baits may be laid.
3. Leg-hold traps (and snares) have received much attention from animal welfare and
anti-trapping lobby groups worldwide over poor welfare outcomes. The leg-hold trap
was banned in the UK in 1958 and is now banned in at least 80 countries. Restriction
on the use of many leg-hold traps will commence in New Zealand by 2011. In
Victoria, the use of large steel-jawed (eg. Lane’s) leg-hold traps for wild dog control
is still authorised in proclaimed exclusion zones.
4. The purpose of a restraining trap (or snare) is to reliably capture and hold the animal
unharmed with the minimum of stress until the trap is checked and the animal can be
euthanased or released. Overall welfare of the target and non-target species from the
moment of capture until intervention due to euthanasia, death through other causes or
after release from the trap is relevant to the overall and relative humaneness of traps.
5. Traps with the best relative humaneness will minimise suffering and permit an
acceptable balance of the harms associated with trapping against the benefit of
effective trapping of wild dogs.
NON-TARGET SPECIES
6. Animals that are captured unintentionally by traps are commonly referred to as ‘nontarget’ species. A trap is considered to be more selective if it captures a higher
proportion of “target” species rather than wildlife, domestic or exotic animals that are
incidental to the objectives of the control programme. Other factors that affect trap
selectivity include the location and manner in which it is set and the attractants used.
7. A reduction in the capture of non-target species implies a corresponding reduction in
negative welfare impacts that have no beneficial outcome. If few traps are occupied
by non-target species, there is a greater potential for the capture of target species.
8. Common wombats, swamp and red-necked wallabies, brushtail possums and eastern
grey kangaroos are very common non-target species taken by leg-hold traps in southeastern Australia, along with exotic non-target species such as the red fox, feral cat
and European rabbit. Superb lyrebirds, goannas, echidnas, emus and corvids are also
frequent non-target captures.
9. The behaviour of some non-target species may make them susceptible to capture. The
common wombat’s propensity to mark areas of disturbance may promote their capture
at trap sites prepared by digging, clearing or movement of logs or trap setting at the
base of trees.
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WELFARE IMPACTS
10. Trapping releases predictable physiological responses as a reaction to a range of
stressors encountered during capture. Attempts to measure the welfare impact of
trapping can be made by measuring the magnitude of the biological response, prepathological state and consequent pathology.
11. Potentially there may be a wide range of stressors associated with trapping, many of
which are not directly related to the trap mechanism. Startle, primary acute trauma
and pain, restraint, handling, noise, light, loss of cover, social and spatial dislocation,
food, odour, water and thermal stressors may act in various combinations to influence
the degree to which animals resist traps and the overall stress and welfare outcomes
of trapping.
12. Secondary physical trauma (eg. ischemia, predation, insect attack etc), chronic pain,
anxiety and fear, self-mutilation, capture myopathy, exhaustion, impacts on young
(loss of dependent young, ejection of pouch young and abortion etc), starvation,
dehydration, hypothermia, hyperthermia and death are pathological endpoints of
stress and the consequence of exposure to intense stressors or a combination of
stressors. Good welfare outcomes of trapping should seek to prevent or mitigate such
consequences.
13. The assessment of injuries using trauma scales to determine welfare is limited in its
ability to estimate the impact of many stressors and pathological outcomes of
trapping. A key deficiency associated with the use of trauma scoring in trap studies is
that the amount of time that an animal spends in captivity is rarely known with any
accuracy.
14. Data logging systems that reveal the capture time, duration and relative activity of
animals are likely, in conjunction with physiological indicators such as CK, AST,
ALP, ALT and N:L ratios as well as whole body necropsies, to enable the most
useful, practical and unequivocal insights into the relative welfare impacts of traps.
15. Many of the haematological and biochemical indicators are standardised, costeffective and widely available laboratory tests that, if properly applied, could provide
sufficient information to monitor relative welfare states and promote adaptive
management of trapping practices towards better welfare outcomes.
COMPARISON OF DEVICES
16. Padding of leg-hold trap jaws has been attempted with cloth, plastic or rubber tubing
in an ad hoc manner in a number of overseas and Australian studies. This results in
less injury than that produced by unmodified devices, but does not offer superior
outcomes compared to those associated with commercially available padded traps.
17. International literature suggests that in most cases, leg-hold snares are less effective
than leg-hold traps for canid control. Some data suggests that treadle-snares cause
greater stress to red foxes than other capture devices and the continued use of the
treadle-snare should be reviewed with reference to these new data.
18. Laminated leg-hold traps have been found in some studies to reduce the incidence of
trap related injury, when compared to similar non-laminated devices. Currently there
is no clear scientific consensus that laminated traps have the potential to deliver better
welfare outcomes compared to commercially available padded leg-hold traps.
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Lamination of existing leg-hold traps is unlikely to produce significantly improved
welfare benefits compared to padded devices.
19. Devices that conform to the ‘fourth generation’ of the Victor Soft-Catch #3 trap
probably represent current best practice in canid trapping that can be determined from
published information. There appears to be potential for optimal welfare outcomes
using commercially available padded leg-hold traps that use short restraining cables,
standard pan tension systems, are suited to the attachment of TTDs or LTDs, are more
familiar to trappers and are well supported by published efficacy data for the capture of
canids.
PROMOTING BETTER WELFARE OUTCOMES
20. In order to promote current best practice and reliable welfare outcomes, mechanical
trap specification should be established that clearly define minimum performance
based attributes. Important trap specifications should include trap size and jaw spread,
trap weight, closure speed, impact force, clamping force, jaw offset distances, padding
material and pan tension characteristics. Ancillary features used with traps such as the
type and number of in-line springs, swivels and anchoring methods should also be
specified. A minimum benchmark could be based upon the fourth generation Victor
Soft-Catch #3 trap using the manufacturer’s data or physical measurements.
21. Evaluating trap performance and routine testing and maintenance of traps will reduce
the likelihood of failure in the field and poor welfare outcomes that result. The
performance characteristics of traps such as spring tensions and closing speed will
greatly influence the position on the limb where animals are restrained and the
resulting trauma sustained.
22. A positive relationship exists between the periods of time held in captivity and the
degree of injury and stress. In most countries in the developed world, trap inspection
periods of at least once per day are a minimum standard. Nocturnal animals are likely
to experience additional stress if held for prolonged periods during the day. In the
absence of novel ways to demonstrably improve the welfare of animals held for
periods in excess of one day, trap inspection periods should be at least once per day.
23. Various studies have contrasting recommendations concerning the merits of anchored
or ‘drag’ fixed trap restraints. It would be appropriate to monitor the welfare
outcomes, using appropriate scientific protocols, where both options are used for
target and non-target animals and adopt the most beneficial practice.
24. In-line spring specifications that have been developed in North America are unlikely to
have catered for species such as macropods that are capable of developing very large
amounts of momentum over short distances. The specification of in-line springs in trap
restraining chains should be adequate to ensure that the large forces of momentum
produced by macropods (eg. kangaroos and wallabies) and predators are based upon
realistic calculations of force that can be produced given the length of the chain,
acceleration and their mass.
25. Pan tensioning (adjustment of ‘trigger’ sensitivity) is a proven, practical and
inexpensive way to increase target-specificity and improve welfare outcomes. It will
be most effective if applied to standard trap types and trap setting procedures and
based upon empirical studies that seek to understand the most appropriate trigger
forces that allow reliable capture of target species and exclusion of non-targets.
Regular and standardised assessment of the performance of pan tensioning devices
should be undertaken in the normal maintenance of overall trap performance.
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26. Trap size and jaw spread affects the incidence of non-target captures and is probably
an important way to limit capture of macropods and other non-target species. There is
no evidence to suggest that capture rates and trap efficacy are significantly reduced by
using leg-hold traps that have a reduced jaw area/size.
27. Use of Tranquilliser Trap Devices (TTDs) may have significant advantages for
increasing the efficacy and welfare outcomes of traps. A Lethal Trap Device (LTD)
formulation that causes the rapid death of trapped dogs and foxes may prevent injury
sustained soon after capture and prevent the distress of prolonged confinement and/or
after debilitation. Both approaches may also reduce the potential for dogs to escape if
they are not adequately restrained by the trap.
28. Trap monitoring systems may be desirable if they prompt trap attendance soon after
capture. Most nocturnal target and non-target species are probably captured during the
night. Trap attendance after some hours or after an entire evening of captivity may not
greatly increase welfare outcomes as much of the significant trauma will occur within
the first few hours (possibly within the first hour) of capture.
29. The potential exists for lure/odour compounds to increase the target specificity of
carnivore trapping by repelling native herbivores (eg. macropods and wombats) from
trap sets. Deterrence of native herbivores would be a major advance to limit the
capture of a significant number of non-target animals.
30. Practices that are used to release non-target species should be reviewed and appropriate
equipment and training needs considered to ensure firstly that criteria for the choice
between euthanasia and release are known and secondly that if release is attempted it
can be done safely, humanely and in conjunction with simple treatments that could
reduce post-capture stress and pathology. Macropods and birds may be highly
susceptible to capture myopathy and in the absence of knowledge concerning the
existence of this disease, routine euthanasia may be the most appropriate action.
31. Existing euthanasia recommendations for the use of firearms are probably inadequate
and impractical under some circumstances for a range of non-target species and should
be reviewed.
32. There is a large potential to adapt and modify trapping devices and practices to
increase their effectiveness and produce improved welfare outcomes appropriate for
local conditions. However, much of the published literature indicates ad hoc field
experimentation with inadequate experimental controls and/or the use of multiple
modifications or erratic variations in adaptations of the devices. This does not provide
a good scientific basis for assessment and technique development.
33. This review concludes with a series of recommendations to promote the adoption of
best practice trapping of canids to improve welfare outcomes and foster a culture of
continuous improvement.
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1.0 AIMS, OBJECTIVES AND METHODS
1.1 Aim:
The client has requested that Nocturnal Wildlife Research (NWR) Pty Ltd provide a
comprehensive literature review to identify the nature of welfare impacts produced by leghold and foot-hold traps (here after referred to as leg-hold traps) with reference to Victorian
species, and outline directions to promote improvement in welfare outcomes.
1.2 Objectives:
o

Identify (target and non-target) species within Victoria that are susceptible to
leg-hold trapping and describe the relative incidence of capture from
published records;

o

Describe the welfare impacts that can be anticipated from the use of leg-hold
traps;

o

Review the merits of trap types, actions and strategies that have the best
potential to mitigate a range of welfare impacts.

1.3 Methods
Literature review
A literature review was conducted using CAB abstracts, Web of Science, Biosis, PubMed and
Google Scholar search engines. The search focused upon compiling a bibliography for the:
o

History, current use, regulation and development of leg-hold traps;

o

Welfare impacts of leg-hold traps including trapping stressors, associated
pathology and techniques to measure behavioural, pathological, biochemical
and haematological indicators of poor welfare and stress;

o

Assessment of different trap types in Australia and overseas for their
comparative humaneness and welfare impacts.

Identifying target species
A review was conducted for studies of trapping and restraint of dingoes (Canis lupus dingo)
and red foxes (Vulpes vulpes) in Australia and published information on the impacts of
trapping upon non-target species. Literature relating to the trapping and restraint of coyotes
(Canis latrans), wolves (Canis lupus), domestic dogs (Canis lupus familiaris), silver foxes
(Vulpes vulpes) and Arctic foxes (Alopex lagopus) in overseas studies were used extensively.
Identifying non-target species
Non-target species in Victoria were identified by reviewing the scientific literature for records
of target and non-target captures where a range of leg-hold traps and snares have been used
for wild dog and fox control1. The occurrence of these species within the leg-hold trap
exemption zone (Figure 1) was investigated by using species distribution data from the
Victorian Wildlife Atlas (Department of Sustainability and Environment: Victoria). By
combining all trapping studies a pool of 1123 wild dog captures were identified, along with
associated non-target captures. The relative incidence of non-target species captured relative
1

Contemporary data for the trapping of target and non-target animals was sought from the Department
of Primary Industries (Victoria) for this review but it was not provided.
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to each 100 wild dog captures was used to express the likely susceptibility of various species
to capture with leg-hold devices expressed as a subjective score of very common (≥ 10 records
per 100 wild dog captures), common (1 – 9 records per 100 wild dog captures) or uncommon
(≤ 1 record per 100 wild dog captures).
Haematology and biochemistry data for red fox captures
During 1990 – 1994 routine blood sampling of foxes captured in the urban area of Melbourne
(Marks et al. 1998; 1999a; 1999b) was undertaken and haematology and blood biochemistry
profiles were produced. Treadle-snares, Victor£ Soft-Catch™ and cage traps were used to
sample foxes, along with the use of netting. A sample of shot foxes was taken at the end of
the study. Relevant haematology and biochemistry data are compared with published data for
foxes taken by different trap types and for different durations of captivity and sampling
techniques. Details of the analysis are contained in Marks (submitted) (Appendix 1).
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2.0 BACKGROUND
2.1 Use of leg-hold devices in Victoria
In a significant portion of the distribution of sheep and cattle in Australia, the dingo (Canis
lupus dingo) and its hybrids (generically known as wild dogs) are implicated as a predator of
livestock (Fleming et al. 2001). Sheep (Ovis aries) and goats (Capra hircus) are highly
vulnerable to predation by wild dogs primarily due to their ineffective anti-predator strategy
of fleeing and mobbing (Allen et al. 2004). The control of exotic red foxes (Vulpes vulpes) is
also undertaken to protect lambs and to support the conservation of wildlife species (Saunders
et al. 1995). As in other countries, the fox is considered a sporting resource (Reynolds et al.
1996) and a vector of some zoonotic diseases such as echinococcus (Jenkins et al. 1992,
Saunders et al. 1995). Wild dogs are believed to cost $AU66.3 million in lost agricultural
production and control effort (McLeod 2004) and are a much more significant predator of
livestock than foxes. Leg-hold traps have been used for the selective removal of individual
dogs that attack livestock, and prior to the development of poison baiting, trapping was the
primary means of wild dog control in Australia (Harden et al. 1987). Trapping and leg-hold
snaring is currently used for wild dog control in locations where shooting or poison baits are
deemed to be inappropriate given proximity to settlements, where legal restrictions are
imposed on where baits may be laid (Croft et al. 1992) or where baiting has little impact
(Fleming et al. 1998). The surplus killing behaviour by individual or a small number of
dingoes may result in a large number of sheep being killed in one attack (Thomson 1992,
Allen et al. 2001). Consequently, the targeted trapping of dingoes that have commenced
predation of livestock may be an important strategy to limit attacks on properties by
individual dogs rather than as a means to produce wide-scale reductions in population
abundance.
In Victoria, livestock predation by wild dogs is largely restricted to the eastern highlands,
where pastures were established in areas surrounded by a large forest boundary, which
contains endemic dingo populations (Fleming et al. 2001). Wild dogs are listed as an
‘established pest animal’ under the Catchment and Land Protection Act 1994 (CALP). Wild
dog control is mainly carried out by staff of the Department of Primary Industries (DPI),
although some control is also undertaken by private land holders. Under Section 30 of the
Domestic (Feral and Nuisance) Animals Act 1994, an owner of animals kept for farming
purposes (or an authorised officer) is permitted to destroy any dog found at large in the place
where those animals are confined. Section 15 of the Prevention of Cruelty to Animals Act
1986 (POCTA) details the offences and the exempted areas for using both large and small
leg-hold traps (Figure 1). The Prevention of Cruelty to Animals Regulations 1997 define a
large leg-hold trap as one with a jaw spread not less than 12 cm wide, and a small leg-hold
trap as one with a jaw spread less than 12 cm. Other than the term ‘spring operated steel jaw
leg-hold trap’ contained in Section 15 of POCTA, there is no specific definition in the
legislation that takes into account the recent modifications and newer models of leg-hold
traps2. Section 6 of the POCTA Act exempts anything done in accordance with the CALP
Act, although leg-hold trapping is not specifically mentioned in the CALP Act.

2

The treadle snare was designated to be the device of choice used by Victorian government trappers since 1987
although large serrated steel-jawed traps were still used concurrently until 2004 under authorisation under the
CALP Act. Since 2000 large ‘rubber jawed’ (Lane’s type) traps began to be used in Victoria in small numbers
until 2006 when they are were adopted increasingly until the phasing out of treadle snare use by December 2007.
After the bushfires in 2003, some 790 rubber jawed traps (Jake and modified Bridger #5) have been purchased by
DPI in Victoria (B. Roughead, personal communication).
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Figure 1. Areas of Victoria where trapping with steel-jawed leg-hold traps is prohibited (no
trapping zone) and the exemption zone (exemption zone) where trapping conducted in
accordance with the Catchment and Land Protection Act (1994) is authorised.

2.2 Traps and snares used world-wide for canid control
There are four broad categories of restraining traps and snares that have been used for canid
control; leg-hold (or foot-hold) traps3, leg-hold snares, cage (or box) traps and neck snares
(Powell et al. 2003, Iossa et al. 2007). Killing traps and neck snares are not used in Australia4
and are primarily confined to North American fur harvesting along with deadfall traps, spring
traps, lethal snares, drowning traps and pitfall traps (Powell et al. 2003, Iossa et al. 2007).
Snares and deadfall devices have a long history of invention by trappers in North America
(Petrides 1946). Novel capture techniques including drive nets have been used to capture
wolves in forest habitat in Poland (Okarma et al. 1997) and the use of tranquilliser rifles in
North America (Gese et al. 1996) but these have not found wide use in Australia and will not
be discussed further.

3

The foot is the pedal extremity of a vertebrate animal’s leg (including the tarsus, metatarsus and phalanges). The
leg refers to the entire limb used for locomotion in vertebrates, suggesting that a leg-hold trap will restrain animals
at any point of the limb. There is no universally accepted, evidence-based definition to distinguish “leg-hold”
from “foot-hold” trap, although some commercial literature and North American standards define foot-hold traps
as having jaw spreads less than six inches across. In this review the terms are used as specified by the authors of
the papers referred to, are not retrospectively defined and are made with reference to Victorian legislation that does
not distinguish between foot-hold and leg-hold traps.
4
Although some Australian commercial suppliers advertise certain ‘killing traps’, their legal status in various
states is unclear and beyond the scope of this review.
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2.2.1 Leg-hold traps
Steel-jawed leg-hold traps have been one of the principal devices used to capture fur-bearing
animals world-wide (Payne 1980). They have a long history of use in Europe and North
America, particularly in the fur industry after the 1850s, corresponding to the development of
mass-produced devices and ongoing experimentation leading to the familiar form of steeljawed leg-hold traps by the late 1800s (Gerstell 1985). In the United States, leg-hold traps are
used for the capture of furbearing mammals, for recreational trapping, pest animal control and
as a tool to aid subsistence living in wilderness areas. In the United States they are the
primary control measure for coyotes involved in livestock damage (Andelt et al. 1999,
Conover 2001). In New Zealand, leg-hold traps have been a major control technique for the
exotic brushtail possum (Trichosurus vulpecula) (Warburton et al. 2004).
Research into the development of more humane traps to replace conventional leg-hold traps
has been ongoing for over a century (Drahos 1952). More recently, research has expanded as
steel-jawed traps have received attention from animal welfare and anti-trapping lobby groups
world-wide, over negative welfare outcomes caused by their use (Gentile 1987). The traps
that have been most commonly used during the 20th century for wild dog control in Australia
are toothed, steel-jawed leg-hold traps, as described by Newsome et al. (1983). These traps
have a large jaw spread and are sprung by one or two leaf springs. They are commonly called
Lane’s traps5 (Lane’s two springs: Stockbrands Pty Ltd, Western Australia). A range of other
devices such as the Oneida #14 traps (one spring: Woodstream Corporation, Pennsylvania),
Victor #3 and #4 off-set traps (Woodstream Corporation, Pennsylvania), Montgomery #2 and
#3 step-in traps (Montgomery Traps Incorporated, Pennsylvania) have also been used in
Australia. A conservative estimate reveals 120 commercial variations of steel-jawed leg-hold
devices that have toothed or smooth jaws and at least 15 manufacturers that are primarily
based in North America. A list of the major steel jaw trap types and manufacturers is listed in
Appendix 2.
‘Laminated’ traps have been designed or modified to increase the width of the trap jaws and
the surface area of the jaw face to distribute and displace the energy of the spring as it holds
the paw of the captured animal (Hubert et al. 1997). This is often achieved by welding an
additional steel bar to the jaw face, which also provides a smooth surface area that reduces
lacerations as the animal’s paw moves between the jaws. Increasing the spring tension of the
jaws when holding the paw is believed to reduce cutting or sawing movements (Houben et al.
1993, Phillips et al. 1996b). Lamination is primarily a modification of existing trap types
that have acceptable capture success and are in wide distribution. The main impetus for these
modifications has been the need for the fur industry in North America to meet new trap
standards. Additional modifications to laminated trap devices include installing heavier
springs, adding centre mounted anchor chains, swivels, shock absorbing coil springs and
offseting the jaws (Hubert et al. 1997). The list of steel-jawed leg-hold traps in Appendix 2
denotes trap designs that can be obtained in laminated variations. In a survey of trap types
used in Australia, a wide range of commercial ‘laminated’ traps (eg. Duke™, Jake™, Bridger™,
Victor® etc) were reported to be used (Nocturnal Wildlife Research Pty Ltd, unpublished
data).
A range of steel-jawed leg-hold traps have been modified on an ad hoc basis by placing
padding on their jaws, although published specifications and performance assessments appear
to be absent. Claims that leg-hold traps are ‘padded’ can be based upon a wide range of
modifications to the trap with varying materials and benefit for reducing trauma. Lane’s traps
were modified by Harden (1985) and the jaws were padded with polythene piping and offset
5

The design is based on the traps originally exported from England to Australia by Henry Lane for the control of
rabbits. In 1919 he moved production to Newcastle (NSW) to provide for the demand for subsistence trapping. A
padded device for control of dogs is still sold under the ‘Lane’s’ name by Stockbrands Pty Ltd, Western Australia.
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by ensuring a narrow gap remained between the two jaws when the trap was closed. McIlroy
et al. (1986) used Oneida No. 14 jump traps modified by filing away the interlocking spikes
on the jaws, and binding the jaws with muslin cloth. Thompson (1992) used padded Lane’s
leg-hold traps following the methods described by Newsome et al. (1983) (Appendix 3). The
Victor #3 Soft-Catch (Woodstream Corporation: Pennsylvania) was the first commercially
manufactured padded leg-hold trap to be widely assessed for its ability to limit capture
injuries in coyotes (Olsen et al. 1986, Linhart et al. 1988) and the device has appeared in a
number of variations. These traps are made with offset jaws (when closed, a gap of 6–8 mm
remains between the jaws) and have a rubberised pad on each jaw that is designed to cushion
the impact of the closing jaws on the animal’s limb. The padding also provides a surface that
prevents the limb from sliding along or out of the jaws. The trigger force that activates the
trap can be adjusted by a bolt on the pan swivels. The #3 trap is predominantly used for
capturing wild dogs has a jaw spread of 15 cm, and the smaller #1½ trap for capturing feral
cats and red foxes has a jaw spread of 13 cm. The fourth generation Victor Soft-Catch #3 trap
has replaceable synthetic rubber jaws and a short 15cm long centre mounted swivel chain as a
means to prevent limb damage. The # 3½ EZ Grip trap is a heavier device (Livestock
Protection Company, Alpine, Texas) that has been used for the capture of wolves and coyotes.
This and the former Victor Soft-Catch represents the only widespread commercially available
padded traps that have data published concerning scientific field assessments. In a survey of
trap types used in Australia, a wide range of commercial ‘rubber-jawed’ traps were reported
to be used, including Duke™and Jake™ brands (Nocturnal Wildlife Research Pty Ltd,
unpublished data).

2.2.2 Leg-hold snares
A range of leg-hold snares have been developed and used in North America for canid control.
The most common include the Novak foot-snare (E.R. Steele Products: Ontario, Canada),
Fremont foot-snare (Fremont Humane Traps: Beaumont, Atlanta, USA), Panda foot-snare
(E.E. Lee: Green Mountain Inc.), the Belisle snare (Edouard Belisle: Sainte-Veronique,
Quebec, Canada) and the WS-T snare (Wildlife Services Specialists: USA) (see Skinner et al.
1990 for diagrams). The Aldridge trap is a popular snare design for the capture of bears and
because of its portability, is used in a range of habitats and applications (Johnson et al. 1980),
yet a slow trigger mechanism may increase the number of toe captures and the device cannot
be buried (Lemieux et al. 2006). The treadle-snare (Glenburn Motors: Yea, Victoria,
Australia) is shaped like a small banjo, has two wire springs and a circular pan or treadle. A
wire cable snare is placed around the pan and when triggered the snare is thrown up the
animal’s limb and tightened by the springs (Meek et al. 1995, Saunders et al. 1995, Fleming
et al. 1998) (Appendix 3). The RL04 is a newer variety of snare developed for bear capture
and uses a rubber padded snare that is placed in a PVC cylinder that reduces non-target
capture, eliminates hind foot and toe captures and produces minimal tissue damage (Reagan
et al. 2002, Lemieux et al. 2006). Most snares use unpadded wire or cable to hold the limb,
but recent Kevlar based restraining devices have been used in the UK and have proven
successful in the capture of European badgers (Meles meles) with little indication of injury
(Kirkwood 2005).

2.2.3 Neck snares
Non-lethal neck snares can be free running so that the noose can relax when the animal stops
pulling, or they may be spring operated. The United Kingdom (UK) is one of few European
countries where neck snares are permitted, primarily for the capture of red foxes and rabbits
for population control (Kirkwood 2005). The Collarum restraint (neck snare) (Green
Mountain Inc.: Lander, Wyoming) uses a baited tab pull-arm that triggers a pair of coiled
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springs, a throw arm that propels a cable loop over the head and neck of coyotes and a stop
system prevents the animal from being choked (Shivik et al. 2000, Shivik et al. 2002).
The Gregerson, Kelley and DWRC neck snares have a ratchet system that cause the snare to
progressively tighten so that the animal is killed by strangulation; these have been widely
used to kill coyotes in the United States (Phillips et al. 1996a). Other snare systems have
been made from 0.16 cm diameter cable in a range of designs and are commonly used in
predator runs beneath wire fences to kill coyotes by strangulation (Phillips 1996). A power
snare that used a spring mechanism to tighten the noose and to strangle red foxes was tested
as a possible lethal means of harvesting (Proulx et al. 1990). Commercially available power
killing snares included the King (Western Creative Services Ltd: Winipeg, Canada), the
Mosher (Mosher: Mayorthorpe, Canada) and Olecko (Olecko: Winipeg, Canada) (Proulx et
al. 1990).

2.2.4 Cage (or box) traps
Cage (or box) traps have not been widely used to trap canids and are not regarded as efficient
capture devices (Powell et al. 2003), and given their bulk, transport is difficult under field
conditions (Way et al. 2002). Way et al. (2002) found that cage traps were expensive, not
target-specific and they required a long period of pre-baiting (free-feeding) before they were
successful in rural locations. Nonetheless, cage traps have been used with some success to
trap urban red foxes in the UK (Baker et al. 1998, Baker et al. 2001) and Australia (Robinson
et al. 2001) (Appendix 3), kit foxes (Zoellick et al. 1986) and urban coyotes (Shivik et al.
2005). Trapping injuries from cage traps are minor when compared to corresponding studies
that used leg-hold/foot-hold traps, yet coyotes had the potential to injure themselves by biting
and throwing themselves against the trap (Way et al. 2002). It is possible that the success of
cage traps used for coyotes in urban areas is due to habituation and familiarity in negotiating
human made obstacles which makes them more vulnerable than coyotes in rural areas which
are difficult to capture in cage traps (Shivik et al. 2005). Some novel cage (box) traps have
sought to immediately release hydrogen cyanide gas to rapidly kill captive animals,
predominantly to assist in the recovery of ectoparasites (Nicholson et al. 1950), yet these are
probably impractical and too hazardous for most pest animal control applications.

2.2.5 Kill traps
Kill traps have been assessed for the lethal harvesting of furbearer species in North America
such as mink (Mustela vison) (Proulx et al. 1990, Proulx et al. 1991), fishers (Martes
pennanti) (Proulx et al. 1993a; 1993b) and lynx (Felis lynx) (Proulx et al. 1995). The
Sauvaggeau 2001-8 (Les Pièges du Quèbec: St Hyacinthe) is a trap with two killing bars
powered by torsion springs (Proulx et al. 1994b). The Kania trap (E. Kania: Winlaw, British
Columbia) is another lethal trap with a striking bar (Proulx et al. 1993). Other kill traps
include the C120 Magnum and Conibear 120 that were developed to quickly render furbearers
unconscious and promote a quick death. In trials of the C120 Magnum kill trap to harvest
martens, a wide range of other species were taken, including weasels (Mustela erminea),
mink, red squirrels (Tamiasciurus hudsonicus), flying squirrels (Glaucomys sabrinas), grey
jays (Perisoreus canadensis), and whet owl (Aegolius acadicus) (Proulx et al. 1989). Given
the lack of target specificity and the risk of such powerful devices to domestic cats and dogs,
their testing has not been pursued for canid control (Proulx et al. 1990, Skinner et al. 1990).
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2.3 Worldwide regulation of leg-hold traps
The leg-hold trap was banned in the UK in 1958 under the provisions of the Pest Act (1954)
and is now banned in some 80 countries (Fox 2004a, in Iossa et al. 2007)6. A range of leghold traps including all long-spring and unpadded double-coil spring traps larger than #1,
with the exception of those with the Soft-Catch modification (Warburton et al. 2004) will be
prohibited in New Zealand by 2011 under legislation passed in 2007.
The Canadian General Standards Board (Anon 1996) and Agreement on International
Humane Trapping Standards (Anon 1997) developed trapping standards that followed the
establishment of the Federal Provincial Committee for Humane Trapping (Anon 1981). On
the initiative of the Canadian Government in 1987, the International Organisation for
Standardisation (ISO) (Princen 2004) produced documents (developed by the Technical
Committee - ISOTC191) to assess the safety and capture efficacy of traps (ISO 1999a; 1999b)
and standards for the efficacy of killing traps (ISO 1999b). No consensus emerged for
determining an acceptable level of injury for restraining traps (Harrop 2000, Princen 2004,
Iossa et al. 2007), largely because the trapping industry and animal welfare organisations
were divergent when defining a humane trap and it was agreed that the ISO standards would
produce testing methodology standards only (Harrop 2000). In 1991 regulations arising from
the European Parliament (EEC 1771/94) banned the use of leg-hold traps in the European
Community and foresaw a ban on 13 species used for fur products from countries that had not
initiated bans on the use of leg-hold traps (Princen 2004). In 1993, Canada proposed that the
scope of a Humane Animal Traps Project to be ‘standardisation’ and in 1996 the USA
introduced voluntary ‘Best Management Practice’ (BMP) for traps (Princen 2004) under the
aegis of the International Association of Fish and Wildlife Services (Anon 2003). Both leghold traps and snares have become illegal in certain states of the USA (Way et al. 2002) and
by 1999 the European Council prohibited the use of leg-hold traps in 15 member countries
(Andelt et al. 1999). Due to a dispute arising with the World Trade Organisation, delays in
the implementation of bans led to the establishment of another working group, comprising the
USA, Canada (and later Russia) to develop standards to facilitate fur trade (Harrop 2000) and
resulted in statements about a range of traps in 1996 for the EC, Canada and Russia (Princen
2004). Although legally non-binding, the parties agreed to develop a set of BMP guidelines
for trapping, developed by scientific studies in order to reduce pain and discomfort in target
furbearers (Andelt et al. 1999).

2.4 Limitations of trapping as a control technique
Populations of wild dogs that have been subjected to recurrent trapping may become
increasingly difficult to capture and trapping effectiveness may diminish over time. In
northern California, after sustained trapping for many decades, the trapping effort to capture a
single coyote was 10 times that required in southern Texas and this was believed to be the
consequence of trap shyness (Sacks et al. 1999). It is difficult to measure the degree of trap
shyness without an independent means to assess the number of animals that have avoided trap
sets.
Large-scale lethal control of dingoes may not always reduce calf losses as livestock loss is not
always obviously related to the abundance of dingoes on a property (Allen et al. 1998) and
may be unrelated to the density of wild dogs in an area overall (Fleming et al. 2006). In
Victoria, the primary method used to reduce wild dog attacks on livestock is trapping within
3-5 km external to private land boundaries with government land and on private properties.
6

The UK regulations, similar to those in Victoria, appear to make no distinction between ‘leg-hold’ and ‘foothold’ traps.
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The effectiveness of this approach remains largely untested (Fleming et al. 2006) and departs
from the strategy used in most other states where aerial baiting is the predominant control
technique. Trapping is not generally considered to be a control technique that can be used
cost-effectively and unilaterally to suppress populations or maintain low population
abundance of canids (Fleming et al. 1998). It was recommended that buffer control zones for
baiting in the semi-arid Pilbara district of Western Australia should be 15-20 km wide,
although the results from the study by (McIlroy et al. 1986) and (Harden 1985) indicate that
wild dogs living more than 12-20 km inside National Parks in south-eastern Australia are
unlikely to move out onto adjacent private land. Newsome et al. (1983) suggest that a zone 3
km wide is probably adequate for SE Australia although trapping is primarily limited to areas
within properties in other parts of Australia (Fleming et al. 1998, Fleming et al. 2006).
Allen et al. (1998) suggest that the disruption of stable dingo packs causes a reduction in the
size of packs and the number of experienced hunters that kill larger, more difficult prey. By
sharing the cost of chasing, attacking and killing prey, dingoes increase their hunting
efficiency (Allen et al. 1998, Allen et al. 2001) and group size increases hunting efficiency by
sharing the physiological costs of chasing and attacking prey. Dingoes are known to switch
between prey species and may alter their social structure in doing so. For instance, in smaller
packs or as solitary hunters, dingoes switch from group hunting to hunt smaller mammals
(Corbett 1995). Areas subject to lethal control are typically re-invaded with low ranked
members of packs with reduced hunting ability that are more likely to target livestock. In the
USA, breeding coyotes were most likely to kill sheep, yet trapping efforts appeared to be least
effective at targeting them compared to non-breeding animals that caused the least damage
(Sacks et al. 1999). Diminished dingo populations may also permit the invasion or expansion
of red fox, feral cat (Felis catus) and European rabbit (Oryctolagus cuniculus) populations
(Glen et al. 2007), although the magnitude and importance of such impacts are as yet not fully
established. However, it may become increasingly necessary to assess the short-term and
localised gains of wild dog control in context with wider ecological impacts that may have
more significance to agricultural industries.
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3.0 DEFINING WELFARE OBECTIVES
3.1 What is ‘good welfare’ and can we recognise it?
If an animal is having difficulty coping with its environment its welfare can be regarded as
being poor (Broom et al. 1993). The ‘magnitude’ of an animal’s welfare is generally
associated with the incidence, severity and duration of a negative state (Webster 1998) and
the capacity of the species to suffer (Littin et al. 2005). Good animal welfare can be
described in terms of physical health and positive emotions, such as pleasure and
contentment, while poor welfare comes from ill-health, injury, disease and negative emotions
such as frustration or fear, which may be described as ‘suffering’ (Dawkins 2006). When
assessing the welfare needs of a species it is inappropriate for a label of a pest to
automatically imply that poor welfare outcomes are justified (Marks 1999, Morris et al. 2003,
Jordan 2005, Littin et al. 2005). The suffering of wildlife is a relevant concern to wildlife
managers and the community (Schmidt et al. 1981), although the term animal welfare is
frequently confused with a political movement and not as a discipline that attempts to reduce
suffering in animals and investigate their welfare states (Schmidt et al. 1981). A range of
authors outline the need to reduce suffering inflicted on animals by trapping (Payne 1980,
Schmidt et al. 1981) and to ensure that wildlife management practices are not insensitive to
animal welfare concerns (Schmidt et al. 1981, Decker et al. 1987, Andelt et al. 1999).
If animals have a conscious experience of negative states (Mendl et al. 2004) they have the
capacity to perceive poor welfare states by awareness of feelings, sensations and thoughts
(Block 1998). However, the existence of cognitive capabilities that humans identify with is
not a reliable indicator of conscious experience in non-human animals (Dawkins 2001b) and
it may be easy to overlook suffering that is not relevant to human experience. As humans
commonly equate ‘intelligence’ with the capacity to suffer we are generally more concerned
about poor welfare in species such as primates and cetaceans (Marino 2002). However, even
when other species such as corvids (eg. ravens and crows etc) show high levels of complex
cognition which demonstrate: reasoning, flexibility, imagination, prospection and use of tools
(Emery et al. 2004) there is usually much less concern for their welfare.
The adaptive benefits of the potential to suffer has a probable evolutionary significance in
promoting avoidance of dangerous environments and circumstances that may produce trauma
(Dawkins 1998). ‘Human-like’ consciousness is not necessary for the experience of both the
sensory and emotional components of pain (Jordan 2005). It is generally accepted that all
classes of vertebrates (with the possible exception of fish) perceive pain (Bateson 1991). The
relevance of various stressors and the behaviours that they elicit in non-human animals are
not directly apparent to humans, nor can we directly perceive poor welfare states in nonhuman animals or have insight into their mental state or perception from direct observation
alone (Rushen 1996). Even in human patients it is difficult to interpret the significance of
behaviour associated with the perception of pain and other forms of suffering, especially if
that patient cannot communicate (Hackman 1996). Pain perception and suffering in nonhuman animals may be influenced by different mental states (Nagal 1974, Harrison 1991,
House 1991) that are related to divergent brain function (Bermond 1997). While there may be
a range of complex behavioural differences between species in the display of ‘pain
behaviours’, it is thought that many species perceive threshold and tolerance limits of pain in
a similar way to humans (Cooper et al. 1986), though our ability to easily recognise this and
other forms of suffering in non-human animals makes the assessment of welfare states
challenging.
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3.2 Humane vertebrate pest control
Humane vertebrate pest control requires the selection of feasible control programs and
techniques that avoid or minimise pain, suffering and distress to target and non-target animals
(RSPCA 2004) and is based upon a simple precept that an animal’s welfare is good in the
absence of suffering (Littin et al. 2004). Until comparatively recently, the humaneness of
control techniques used for vertebrate pests has received little attention in Australia (Jones
2003, Marks 2003). Increasingly it is accepted that no technique used to kill or manage pest
species should cause unnecessary suffering (Scott 1976, Payne 1980, Schmidt et al. 1981,
Ross 1986, Fisher et al. 1996, Marks 1999, Jones 2003, Marks 2003, Littin et al. 2004, Littin
et al. 2005). Ideally, pest control methods should be effective and easy to use, safe for
humans, humane, target-specific, cost effective and environmentally friendly (Marks 1999).
There are few examples of pest control methods that achieve this ideal and the selection of
pest control agents often require that a compromise be made.
An ethical basis for pest control firstly requires that control is necessary and can be justified,
and that the aims can realistically be achieved and measured (Putman 1995, Marks 1999,
Jones 2003, Littin et al. 2004, Littin et al. 2005). In Victoria, wild dog trapping is undertaken
to manage livestock predation and the welfare implications of stock predation are significant
(Allen et al. 2001, Fleming et al. 2001, Allen et al. 2004), yet the most humane control
techniques possible should be used to minimise suffering and balance the harms and benefits
of such control (Putman 1995, Marks 1999, Marks et al. 2000, Morris et al. 2003, Littin et al.
2005). In other areas of animal use, clear guidelines promote a reduction in animal suffering.
Regulation of animal experimentation demands that if the existence or nature of pain or
distress experienced by an animal is unknown, or conclusive evidence does not exist to the
contrary, an assumption must be made that pain and distress could be perceived (Anon 2007).
Moreover, investigators should assume that procedures that could cause pain and distress in
humans are likely to cause pain and distress in other animals (Stafleu 2000). In addition,
actions should be governed by an assumption of the worst possible outcome, and the cause of
the suffering experienced (eg. as one of or a combination of pain, illness or stress) should be
given equal weight (Stafleu 2000).

3.3 What is a humane trap?
Very few restraining traps that are used for wildlife species have been tested against agreed
standards for animal welfare (Powell 2005) and there remains widespread confusion about
what constitutes a ‘humane trap’ and how it should be defined (Harrop 2000). Traps may be
more humane than other devices or acceptably humane, yet a humane trap would be one that
avoids subjecting an animal to appreciable stress and avoids compromising its welfare in a
significant way. Given the significant stress associated with the capture or restraint of wild
animals using any known technique, it is unlikely that the development of a truly humane trap
will be realistic objective using contemporary technologies.
In North America, humane trap standards are subject to commercial considerations of
harvesting fur and the need to conform to restrictions imposed by fur importing countries.
Where traps are set for the purpose of wild dog control in Victoria, trapping is conducted to
protect the welfare and viability of livestock. The purpose of a restraining trap (or snare) in
this instance is to hold the animal unharmed with the minimum of stress until the trap is
checked and the animal can be euthanased or released (Iossa et al. 2007). The overall welfare
of the target and non-target species from the moment of capture until intervention due to
euthanasia or debilitation or death after release from the trap is relevant to deciding the
overall relative humaneness of traps. Proulx et al. (1994b) suggested that the definition of a
humane live-trap for furbearers should be a trap that is capable with 95% confidence of
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holding ≥ 70% of animals for 24 hours without serious injury. In North America, benchmarks
or thresholds proposed to certify traps as acceptably humane, typically define a proportion of
animals (ie. 20-30%) where poor welfare outcomes are acceptable and the welfare of nontarget animals is not considered (Harrop 2000, Princen 2004, Harris et al. 2007, Iossa et al.
2007). Accordingly, traps can be deemed acceptable irrespective of a potential to capture and
injure a large proportion of non-target species. Australian guidelines for acceptable welfare
outcomes and humane treatment of animals do not ascribe thresholds that accept poor welfare
outcomes for a proportion of a specified population in experimentation, agriculture, wildlife
or companion animal regulations (eg. Anon 2007).
In this review the trap that has the best relative humaneness will be one that minimises
suffering and permits a balance of the harms associated with trapping against the benefits of
effective trapping of wild dogs.
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4.0 IDENTIFICATION OF TARGET AND NON-TARGET SPECIES
4.1 Defining target and non-target species
Animals that are captured unintentionally by traps are commonly referred to as ‘non-target’
species. A trap is considered to be more selective if it captures a higher proportion of ‘target’
species rather than wildlife species or domestic animals. Trap selectivity (TS) is a measure of
the number of non-target animals captured relative to the number of target animals (Newsome
et al. 1983) or the number of non-target animals captured relative to a set number of trap
nights (Fleming et al. 1998) where a relatively higher value for TS indicates lower selectivity.
Reducing the number of non-target animals captured has two important benefits for a trapping
programme. Firstly, if few traps are occupied by non-target species, there is a greater
potential for the capture of target species and a reduction in unproductive maintenance of
traps. Secondly, if trap selectivity can be increased, a reduction in the capture of non-target
species implies a corresponding reduction in negative welfare impacts that have no beneficial
outcome. These benefits are complementary and suggest that trap selectivity is a key
component in fostering an efficient trapping programme with optimised welfare outcomes.
Incidental capture of exotic pest species (eg. feral cats, European rabbits, and hares) is
sometimes reported to contribute to a tally of target captures (Stevens et al. 1987, Murphy et
al. 1990, Fleming et al. 1998). Best practice management of vertebrate pests stipulates the
importance of defining clear management objectives, options and strategies that focus upon
the mitigation of the impact of particular pests upon stated values (Braysher et al. 1998,
Fleming et al. 2001). Stating the target animals sought is an important part of defining the
aims and objectives for a control programme. Unintentional capture of exotic or feral species
not regarded to be primary targets should be identified as ‘exotic’ or ‘feral’ non-target
species, although there may be instances where more than one target species is sought (eg.
Meek et al. 1995). Liberal definition of target species as the sum of all pest or exotic species
will overstate the specificity and effectiveness of a trap and will not assist in the selection of
the most appropriate trapping device or technique for specific objective.

4.2 Common non-target species in south-eastern Australia
In a review of trapping records in six locations in eastern Australia, Fleming et al. (1998)
listed a range of non-target species including echidnas (Tachyglossus aculeatus), goannas
(Varanus spp), wombats (Vombatus ursinus), possums and sheep. Captured birds included
ravens (Corvus spp.), magpies (Gymnorhina tibicen) and pied currawongs (Strepera
graculina). Newsome et al. (1983) listed many of the above non-target species during the
capture of dingoes in north-eastern NSW with the addition of feral pigs (Sus scrofa), rednecked wallabies (Macropus rufogriseus), cattle (Bos taurus), farm dogs (Canis lupus
familiaris), emus (Dromaius novaehollandiae), wedge-tailed eagle (Aquila audax), hawks
(family Accipitridae), wonga pigeons (Leucosarcia melanoleuca), tawny frogmouth
(Podargus strigoides), superb lyrebird (Menura novaehollandiae), spotted quail-thrush
(Cinclasoma punctatum), white-winged chough (Corcorax melanorhamphos) and blue
tongued lizard (Tiliqua spp.). Corbett (1974) reported that between 1966 – 71, in 4796 trap
nights (80% set without lures or baits), Victorian government trappers using steel-jawed
(Lane’s) traps recovered 13 dingoes and 261 non-target species. Mammalian species caught
included the common ring-tail possum (Pseudocheirus peregrinus), the sugar glider (Petaurus
breviceps), the greater glider (Petauroides volans), koala (Phascolarctos cinereus), longnosed potoroo (Potorous tridactylus), deer (Cervus sp) and a marsupial carnivore (probably a
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spot-tailed quoll [Dasyurus maculatus]) although specific numbers of each species captured
were not reported. In another study, nine dingoes were captured using padded Lane’s traps,
along with 11 mammals, 7 birds and one reptile (Harden 1985). Meek et al. (1995) captured
a total of 54 animals with Victor Soft-Catch #3 traps and treadle-snares in coastal NSW. Nontarget species caught in 'Victor' traps comprised Australian raven (Corvus coronoides),
magpie, swamp wallaby (Wallabia bicolor), long-nose bandicoot (Peremeles nasuta) and
brushtail possums. Non-target species caught in treadle-snares were Australian ravens, pied
currawong and an eastern grey kangaroo (Macropus giganteus). Using treadle-snares in subalpine NSW, Bubella et al. (1998) captured Australian ravens, a feral cat (Felis catus) and
common wombats. Sharp et al. (2005a; 2005b) list ravens, pied currawongs, magpies,
kangaroos, wallabies, rabbits, hares, echidnas, goannas, wombats, possums, bandicoots,
quolls and sheep as potential non-target species.
Non-target capture records have often used local names or generic descriptions for animals
that do not permit identification to the species level. ‘Wallabies’ are likely to include both
swamp and red-necked wallabies in south-eastern Australia, and possibly other smaller
macropods. Similarly, ‘bandicoot’ are likely be either the southern brown bandicoot (Isoodon
obesulus) or long-nosed bandicoot (Strahan 1984) in Victorian studies. Brushtail possums
could be the common brushtail or mountain brushtail possum (Strahan 1984). There are three
species of crows and three ravens in Australia and these are difficult to tell apart, although
reports of crow and raven captures are likely to be little Australian ravens, given their wide
distribution and abundance (Pizzey et al. 1997).
In trapping data accumulated during wild dog control programs from November 1986 to
December 1987, a total of 1189 animals were captured with steel-jawed (Lane’s) traps and
treadle-snares in Victoria. Native animals accounted for 34% (n=397) with 7.4% (n=88) of all
non-target species being common wombats (Murphy et al. 1990). When target species were
defined as wild dogs only, 62% of trapped animals were non-target species. Overall, the
diversity of non-target species captured reflected those reported in other trapping studies in
south-eastern Australia (Table 1).
Newsome et al. (1983) found that large jawed Lane’s traps had far less target specificity (TS
[non-target:target] = 4.79) than smaller Oneida #14 traps (TS = 0.92). The reduction in
brushtail possum, wallaby and common wombat captures for the Oneida trap was also a
strong indication of different device specificity. Newsome et al. (1983) reported that 'Oneida'
traps were unlikely to catch large-footed animals such as wallabies and emus. ‘Oneida’ traps
did not catch kangaroos and wombats although some were sprung by these species. Trapping
was conducted at the same site and during the same season, although it was possible that more
care was taken in setting Oneida traps to avoid non-target species (Fleming et al. 1998). In
other studies, estimates of TS range from 4.79 – 0.13, but this measure is biased given the use
of various setting techniques conducted in different habitats and seasons and different degrees
of trapping effort and correspondingly variable sample sizes of target and non-target species
(Table 1).
The proportion of non-target:target species recovered in all studies indicates a ratio of
(rounded to the nearest whole number) 96:100 for the red fox, 58:100 for common wombats,
49:100 for wallabies (swamp and red-necked combined), 26:100 for feral cats, 19:100 for
brushtail and mountain possums combined, and 10:100 for eastern-grey kangaroos. Species
that were represented < 10:100 wild dog captures, but  1:100 included the European rabbit
(9:100), superb lyrebird (3:100), raven (2:100), goanna (2:100), emu (2:100) and echidna
(1:100). A range of other species was represented in < 1:100 wild dog captures (Table 1).
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Table 1. Capture records for exotic mammals and non-target mammals, birds and reptiles from studies
(1-7) conducted in south-eastern Australia using Lane’s (L), Oneida #14 (O), treadle-snares (T), Victor
Soft-Catch #3 (V) traps or a combination of trap types (C), where wild dogs (D) or foxes (F) were the
target species. The non-target species (NT) and target species (T) captured are expressed as a ratio:
(NT:T) is the number of non-target mammals, birds and reptiles (non-target exotics included) captured
for every 100 target species or their reported occurrence (Y). (1 = Newsome et al. 1983, 2 = Stevens
and Brown 1987, 3 = Bubela et al. 1998, 4 = Meek et al. 1995, 5 = Murphy et al. 1990, 6 = Fleming et
al. 1998, 7 = Corbett 1974).
SPECIES
L
1
D

O
1
D

T
2
D

L
2
D

Canis lupus dingo
Vulpes vulpes
Felis catus
Sus scrofa
Oryctolagus cuniculus
Lepus europaeus

95
118
36
6
21

51
25
4
1
1

17
23
4

22
17
4

Tachyglossus aculeatus
P. nasuta or I. obesulus
Trichosurus sp

1
3
49

1

2

9

Vombatus ursinus
Wallabia bicolor or
Macropus rufogriseus
Macropus giganteus
Bos taurus
Canis lupus familiaris
Ovis aries
Phascolarctos cinereus
Dasyurus maculatus

69
92

2

4
10

2
13

Dromaius
novaehollandiae
Haliastur sphenurus
Aquila audax
Accipitridae
Leucosarcia
melanoleuca
Podargus strigoides
Menura
novaehollandiae
Cinclostoma punctatum
Corcorax
melanorhamphus
Gymnorhina tibicen
Strepera graculina
Corvus sp.

9

Authority
Target species sought
EXOTIC AND FERAL
MAMMALS
Wild dog
Red fox
Feral cat
Feral pig
European rabbit
European hare
NATIVE MAMMALS
Echidna
Bandicoot
Brushtail or mountain
possum
Common wombat
Wallaby
Eastern grey kangaroo
Cattle
Farm dog
Sheep
Koala
Quoll
NON-TARGET BIRDS
Emu
Whistling kite
Wedge-tailed eagle
Hawk
Wonga pigeon
Tawny frogmouth
Superb lyrebird
Spotted quail-thrush
White-winged chough
Australian magpie
Pied currawongs
Raven
NATIVE REPTILES
Goanna
Blue-tongue lizard
NT:T RATIO

Varanus varius
Tiliqua sp

TRAP TYPE
T
V
3
4
F
D/F

71
1

11
28

T
4
D/F

L,T
5
D

C
6
D

L
7
D

7
7

920
791
240

Y
Y

Y
Y

77
1
13

1.25
0.36
18.97

571
434

Y
Y

57.79
49.15

100

Y
Y

9.71
0.09
0.09
0.53

151

1

8
1
1

1

6

0
1
0
7

1
1
3

1
16

1

Y
Y
Y

96.2
25.7
0.62
8.82
0.1

Y
Y
Y

1
1
3

Y

NT:100T

Y
Y

1

Y
Y
Y

14

Y

2.05

1
1
3

Y
Y
Y

0.09
0.27
0.36
0.89

21

Y

0.09
3.38

1
4

0.09

0.09
0.36

1
7

6

2
1
4.79

2
0.92

5

2.59

2.05

0.13

1
4

0.21

1
2

0.29

5
1
2

Y
Y
Y

19

Y

2.67

24

0.53
0.27
2.32
Y

2.05
0.09
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Vulpes vulpes
Isoodon obesulus

Dasyurus maculatus

Red fox1
Southern brown bandicoot

Spot-tailed quoll

N

E
N

N
N
N
N
N
N
E
E
N
N
N

Status

E

E/W
E/W?

E
E/W
E/W
E/W
E/W
E/W
E/W
E/W
E/W
E/W
E

Zone

Superb lyrebird
Menura novaehollandiae
N
E
Swamp and/or
Wallabia bicolour
N
E./W
red-necked wallaby
M. rufogriseus
1
Identification of bobuck and brushtail possums are likely to be easily confused
2
Considered exotic non-target species in some wild dog control programmes

Trichosurus cainus
Trichosurus vulpecula
Vombatus ursinus
Macropus giganteus
Tachyglossus aculeatus
Dromaius novaehollandiae
Oryctolagus cuniculus
Felis cattus
Varanus varius
Corvus coronoides
Perameles nasuta

Species

Bobuck
Brushtail possum
Common wombat
Eastern grey kangaroo
Echidna
Emu
European rabbit
Feral cat
Goanna
Little Australian raven
Long-nosed bandicoot

Common name

< 1.5
< 27

< 7.0

3.5-8.0
0.4-1.0

Weight
kg
1.5-3.7
1.5-4.0
20-35
< 66
2-7
30-45
1-2.4
2.5-6.5
< 20
0.5-0.82
0.85-1.1

*
***

*

***
*

NTf
***
***
***
***
*
*
***
***
*
*
*

N
N

N

E
N

C
N
N
M
N
N
N
E
E
N
N
N

T
T

T/ SC

T
T

D
N

N

N
N

Activity
AS
AR
A
N
A/T
N
T
N
T
N/CR
T
D
T
D
T
N/CR
T
N
T/SC
D
T
D
T
N

I
BH

C/, IO

C/O
IO

FC
BH
BH
GH
GH
I
O
GH
C
C/O
O
IO

N
Y

Y

Y
Y

Diet
Meat?
Y
Y?
N
N
N
Y
N
Y
Y
Y
Y
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Menkhorst et al. 2004
How 1988, Marks 2001a
Menkhorst et al. 2004
Menkhorst et al. 2004
Menkhorst et al. 2004
Schodde et al. 1990
Menkhorst et al. 2004
Menkhorst et al. 2004
Cogger 2000
Schodde et al. 1990
Lyne 1971, McIlroy 1981,
Fairbridge et al. 2001
Menkhorst et al. 2004
Fairbridge 2000, Fairbridge et al.
2001, Menkhorst et al. 2004
McIlroy 1981, Belcher 1998,
Menkhorst et al. 2004
Schodde et al. 1990
Edwards et al. 1975, Menkhorst et
al. 2004

Authority

Table 2. Major non-target (Status as ‘E‘ = exotic or ‘N’ = native) and record of presence in either the eastern (E) or western (W) trap exemption zone (Zone)
with body weight (kg) and subjective frequency of occurrence (*** = very common, ** = common, * = uncommon [see methods for explanation]) in
combined trapping records (NTf), comparative activity substrates (AS) (T = terrestrial, SC = scansorial, A = arboreal), activity rhythms (AR) (N = nocturnal,
C = crepuscular, D = diurnal) and feeding category (FC) (C = carnivorous, I = insectivore, O = omnivore, BH = browsing herbivore, GH = grazing herbivore)
and if a meat diet has been confirmed (Y/N) (Strahan 1984, Lee et al. 1985).
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(a) brushtail possum

(b) common wombat

(c) eastern grey kangaroo

(d) echidna

(e) emu

(f) feral cat

Figure 2. Distribution of major non-target species within the east and west trapping exemption
zones in Victoria: (a) brushtail possum, (b) common wombat, (c) eastern grey kangaroo, (d)
echidna, (e) emu, (f) feral cat, (g) goanna, (h) long-nosed bandicoot, (i) bobuck, (j) little
Australian raven, (k) red fox, (l) swamp wallaby, (m) red-necked wallaby, (n) southern brown
bandicoot, (o) spot-tailed quoll, (p) superb lyrebird and (q) European rabbit.
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(g) goanna

(i) bobuck

(k) red fox

(h) long-nosed bandicoot

(j) little Australian raven

(l) swamp wallaby

Figure 2. (cont.) Distribution of major non-target species within the east and west trapping
exemption zones in Victoria: (a) brushtail possum, (b) common wombat, (c) eastern grey
kangaroo, (d) echidna, (e) emu, (f) feral cat, (g) goanna, (h) long-nosed bandicoot, (i) bobuck,
(j) little Australian raven, (k) red fox, (l) swamp wallaby, (m) red-necked wallaby, (n) southern
brown bandicoot, (o) spot-tailed quoll, (p) superb lyrebird and (q) European rabbit.
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(m) red necked wallaby

(n) southern brown bandicoot

(o) spot-tailed quoll

(p) superb lyrebird

(q) European rabbit
Figure 2. (cont.) Distribution of major non-target species within the east and west trapping
exemption zones in Victoria: (a) brushtail possum, (b) common wombat, (c) eastern grey
kangaroo, (d) echidna, (e) emu, (f) feral cat, (g) goanna, (h) long-nosed bandicoot, (i) bobuck,
(j) little Australian raven, (k) red fox, (l) swamp wallaby, (m) red-necked wallaby, (n) southern
brown bandicoot, (o) spot-tailed quoll, (p) superb lyrebird and (q) European rabbit.
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4.3 Discussion and conclusions
The wide range of non-target species reported for studies using leg-hold traps and snares in
south-eastern Australia supports previous conclusions that trapping with leg-hold devices is
not highly target-specific (Sharp et al. 2005a; 2005b). A wide range of native species can be
considered as non-target species, with common wombats, wallabies (considered as both
swamp and red-necked wallabies), brushtail (and bobuck) possums and eastern grey
kangaroos appearing as very common non-target species in south-eastern Australia. Common
exotic non-target species include the red fox, feral cat and European rabbit.
The capture of non-target species is highly dependent upon the geographical distribution of
animals and their population abundance in particular environments (Shivik et al. 2002) and is
subject to seasonal and long-term fluctuations. The habitats in which traps are used and the
foraging behaviour of animals that bring them into contact with traps influences non-target
captures. The manner in which the trap is set, its location (Powell et al. 2003), selectivity of
the device used (eg. pan tension settings: see Turkowski et al. [1984]), trap size: see
Newsome (1983) and the proportion of animals that are restrained by the trap without escape
(Shivik et al. 2002) will determine the measured TS of the device.
Species with reduced distribution or low abundance could theoretically be highly susceptible
to some traps, yet may not be well represented in capture records. A table of major non-target
species was prepared with the emphasis upon species that were represented in more than
1:100 wild dog captures (Table 2). Although uncommonly represented in non-target capture
records, bandicoots and spot-tailed quolls were included as potential non-targets as they are
restricted or patchy in distribution and/or exist in low to moderate density in some locations
(Figure 2). This could suggest the potential to be a more frequent non-target species in
specific locations.
Corvids (eg. crows and ravens) are cosmopolitan and appear to be commonly represented in
many trapping studies worldwide. American crows (Corvus brachyrhynchus), common
ravens (Corvus corax), grey jays (Perisoreus canadensis) and blue jays (Cyanocitta cristate)
were frequently captured in a range of leg-hold traps in Canada, while hawks, eagles and owls
were captured less often and ducks (Anatidae) were captured rarely (Stocek et al. 1985).
Notably, deer appear to be common non-target species in the United States (Pruss et al.
2002), yet although extensive exotic populations exists in Victoria (Strahan 1984), there was
no enumeration of deer captures, other than an unspecified report by Corbett (1974).
There is a substantial overlap of the known distribution of the putative non-target species
within the Victorian trap exemption zones where leg-hold traps and snares are used for wild
dog control. In the western zone, some of the species most common to the highlands of
eastern Victoria are absent (eg. superb lyrebird, spot-tailed quoll, long-nosed bandicoot and
bobuck) or their distribution suggests much sparser or patchy populations overall (eg.
common wombat, eastern-grey kangaroo, goanna) (Figures 2a – 2q), that may indicate a
reduced potential for non-target captures. However, as distribution maps do not indicate
population density, this conclusion would warrant further analysis.
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5.0 IDENTIFYING INDICATORS OF TRAPPING STRESS
5.1 Stress and stressors
Stress is a response to a stressor and a means to adapt to it by reducing or eliminating its effects
(Webster 1998). A state of stress occurs when an animal encounters adverse physiological or
emotional conditions that cause a disturbance to its normal physiological or mental equilibrium
by a stressor (Manser 1992). The general adaptation syndrome (Tolosa et al. 2007) suggests
that there are three generalised responses to a stressor; alarm is an initial response, followed by
adaptation to the stressor that reduce or eliminate its effects, while exhaustion may result if the
capacity of the animal to adapt is exceeded (Seryle 1950).
Trapping activates predictable physiological responses as a reaction to a range of stressors
during capture (Moberg 1985, Kreeger et al. 1990). Ongoing stressors may have a negative
impact upon the welfare of animals (Jordan 2005) and attempts to understand their impact can
be made by measuring the magnitude of the biological response, pre-pathological state and
consequent pathology (Moberg 1985, Carstens et al. 2000). A stressor does not lead to
suffering if the animal can act without difficulty to reduce its impact, but when stressors are
prolonged, too severe or multiple stressors exist, suffering can be the consequence (Webster
1998). Pathological changes and disease may result if the stressor or a combination of several
stressors require the diversion of resources from other biological activities that are critical to an
animal’s well being (Moberg 1985, Carstens et al. 2000). Where normal function is disrupted
the potential for distress, suffering and a decline in welfare is possible (Moberg 1985, Carstens
et al. 2000).
In order to make objective decisions and predictions concerning welfare states associated with
trapping, the quantification of different types of stress arising from a range of stressors needs
to be undertaken. Welfare science has a low level of precision when attempting to objectively
measure stress, especially in a range of species, hence an assessment of an animal’s welfare
often requires the use of several different approaches (Webster 1998, Dawkins 2001a).
Similarly, in attempting to describe pain experienced by animals, a range of physiological as
well as behavioural indicators may be needed (Rutherford 2002). The presence or absence of
behavioural, autonomic or endocrine stress responses can be used as indicators of welfare
states in animals. Broom (1988) lists a range of indicators used in an attempt to objectively
describe an animal’s welfare; these are further summarised in four general categories:
Behavioural indicators: include indicators of pleasure and the extent to which strongly
preferred behaviours can be shown. A variety of normal behaviours may be shown or
suppressed or behavioral indicators of aversion (eg. avoidance) may be demonstrated;
Physiological indicators: include those that can indicate normal and abnormal physiological
processes, coping mechanisms and anatomical development;
Pathological: changes such as trauma, changes in brain function, disease,
immunosuppression and behavioural pathology;
Survival, growth and development: can be an indicator of welfare if it is possible to
contrast normal versus reduced or abnormal life expectancy, growth or breeding.
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5.2 Behavioural indicators
A wide range of common behaviours are used by animals in the expression of pain, including:
escape reactions, vocalisation, aggression, withdrawing, recoiling, biting and chewing
(Gregory 2005). A fearful and/or anxious domestic dogs may tuck its tail down, pin its ears
against its head and display piloerection, lip licking and yawning (Neilson 2002).
Vocalisation in dogs can occur due to play, excitement, communication, threat, attention
seeking, defence, pain, anxiety or fear (Landsberg et al. 2003). Body posture tends to be
lower with fear, anxiety or submission and common behaviours such as snout licking, body
shaking, paw lifting and the amount of time that the tongue protruded were linked with
increased heart rate and cortisol production in response to a stressor (Beerda et al. 1997).
Certain aggressive behaviours in domestic dogs have been associated with the response to
some painful stimuli (Borchelt 1983) and fear alone can release aggressive behaviours (Galac
et al. 1997, King et al. 2003). In domestic dogs, the suddenness and intensity of a novel
stimulus governs how effectively it will produce fear, as will a range of genetic and
environmental factors (King et al. 2003). Studies of captive silver foxes showed that ear
posture, activity and approach to the front of the cage could be used as indicators of welfare
states, although they were not reliable in all cases (Moe et al. 2006). The absence of two
behavioural indicators of poor welfare in trapped target species (self-mutilation and
unresponsiveness) were used to indicate if a trap was acceptable (Harrop 2000).
An animal’s general appearance or ‘nocifensive’ behaviour is one of the few ways available
to interpret its perception of pain (Carstens et al. 2000). However, it is influenced by speciesspecific differences in response (Valverde 2005) and applies to behaviours in response to
potential tissue injury (Mersky et al. 1994). Behavioural and endocrine indicators of pain in
livestock have been applied to the development of standard pain assessment in agriculture
(Mellor et al. 2000, Molony et al. 2002). Pain-specific behaviours include bucking in lambs
in response to wound palpation after castration, escape behaviour of calves in hot-iron dehorning and increases in high frequency calls in piglets undergoing castration (Weary et al.
2006). Acute pain escape behaviours may be modified when pain persists and guarding
behaviours may be observed where an animal protects or engages in a range of strategies to
protect the sensitive area (Zimmerman 1986). There are few studies of behavioural indicators
of distress in marsupial fauna. Tammar wallabies (Macropus eugenii) learned to be fearful
and flee a model fox and then transferred this aversion to a model cat in a set of behaviours
typical of predator avoidance (Griffin et al. 2002). However, there is no comprehensive and
systematic study of the behaviours of endemic wildlife species that may be used to assess
their stress response to traps.
Rather than interpretation of particular behaviours and their relevance to stress, testing the
strength of an animal’s motivation by measuring the sacrifice it is prepared to make to
accommodate them may be an alternative approach (Dawkins 1980, Broom et al. 1993,
Dawkins 1993), allowing a more objective assessment of an animal’s choice (Dawkins
2001a). Aversive learning studies may assist in understanding what stressors have caused
suffering that animals wish to avoid in the future (Rushen 1996).
Post-operative pain in domestic dogs has been investigated using subjective measures such as
visual analogue and numerical scale ratings, pain threshold tests (Conzemius et al. 1997),
response to palpation of wounds (Pascoe et al. 1993) and other behavioural indicators such as
variations in greeting behaviours to owners (Hardy et al. 1997). The accuracy of assessments
of pain by scoring is limited by their subjectivity, lack of contemporary controls (ie. a
comparative group that experiences ‘no pain’) and lack of positive controls (ie. a comparative
group where animals are subjected to a ‘known amount’ of pain). In experiments, behavioural
changes caused by some analgesics independent of pain relief are possible, as are interactions
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of behaviours arising from fear and apprehension associated with pain (Flecknell et al. 2004).
This suggests that it may not be possible to use analgesia in experimental groups to manipulate
and identify behavious that are caused by pain alone.
Some behaviours or measures can be used as correlates of animal suffering or distress that are
based upon indicators such as the intensity or response to stressors. Marks et al. (2004) used
activity data loggers that measured the relative duration and activity of dingoes after capture to
test the effectiveness of a drug to alleviate resistance to the trap and injury. While the degree
of activity cannot be used as a direct measure of distress, the degree of resistance and escape
behaviour in traps is believed to correlate with the type and extent of trauma sustained (Balser
1965) and trauma is commonly scored and used to determine the welfare impact of various
traps (Tullar 1984, Van Ballenberghe 1984, Olsen et al. 1988, Onderka et al. 1990, Hubert et
al. 1996, Phillips et al. 1996b, Iossa et al. 2007) (see chapter 5.4). Measuring simple indicators
of activity of animals in traps may be a practical way to measure relative improvement in
welfare even though it cannot be used to account for the specific nature of this improvement.

5.3 Physiological indicators
Animals subjected to a stressor will release a cascade of hormones as an adaptive, short-term
response to a stressor (Baxter et al. 1987). There are two main physiological stress pathways
that lead to the activation of the hypothalamic-pituitary-adrenal (HPA) axis and/or the
sympathetic nervous system (SNS). Corticotrophin releasing hormone stimulates the
secretion of adrenocorticotrophin hormone (ACTH) from the anterior pituitary and this
influences the release of glucocorticoids from the adrenal cortex that play a major role in the
conversion of protein and lipids to usable carbohydrates and the breakdown of body fats.
This prepares an organism to deal with a perturbation and mobilises energy stores to meet
short term requirements (Korte et al. 2005). The SNS can be activated by the HPA and in
general prepares an animal for ‘fight or flight’ and in doing so it causes mobilisation of
glycogen and free fatty acids, increased heart rate, vasoconstriction in body regions not
directly involved in fight or flight and has effects on gut motility (Gregory 2005). If the
animal is unable to escape from the stressor it may adopt a mode of ‘conservationwithdrawal’ with consequent increases in pituitary-adrenocortical activity (Moberg 1985).
Endogenous opioids may initially be released in response to some painful noxious stimuli
with resulting stress-induced analgesia. However, more prolonged stress produces
hyperalgesia which contributes to aversive and guarding behaviours (Vidal et al. 1982, Kinga
et al. 2007). Any stressor may elicit an increase in circulating steroids, but in contrast to early
predictions, not all stressors produce an HPA response (Mason 1968).
The measurement of cortisol has been the most commonly used indicator of stress in most
mammals and non-invasive sampling methods such as salivary sampling can be used to reduce
restraint artefacts (Kirschbaum et al. 1989). Restraint and venipuncture can be a significant
stressor and may be a confounding factor in the measurement of stress response (Beerda et al.
1996, Hennessy et al. 1998). Values of cortisol were measured in dogs subjected to stressful
situations such as loud noises (20.4 nmol/L), falling bags (18.7 nmol/L) and electric shock
(15.5 nmol/L). Peak cortisol concentrations were reached shortly after the acute stimuli
(between 16 to 20 minutes) and declined thereafter usually within an hour (Beerda et al. 1998).
However, cortisol concentrations may not always be a good indicator of how a dog perceives
prolonged exposure to a stressor, or a continuous series of stressors. Animals that are regularly
subjected to stressors or have stressful lives may have enlarged adrenal glands and secrete
greater amounts of cortisol (Baxter et al. 1987). Moreover, there are a range of speciesspecific, individual, environmental, seasonal and circadian influences on cortisol
concentrations identified in canids (De Villiers et al. 1995). Comparative interpretation of
cortisol concentrations as an absolute and additive measure of stress must be undertaken
cautiously and in context. Nonetheless, cortisol has been used in a wide range of species to
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Table 3. Studies that used cortisol (CORT) and adrenocorticotrophic hormone (ACTH) to
study stress in species responding to various stressors where the concentration were indicated
as higher (H) relative to established normals, control or placebo populations.
SPECIES
African wild dog
Blue fox
Domestic dog
Domestic dog
Domestic dog
Domestic dog
European rabbit
Green monkeys
Grizzly bear
House sparrow
Koala
Laboratory rat
Lapland longspur
Red fox
Silver fox
Silver fox
Vicuna
White crowned sparrow

Lycaon pictus
Alopex lagopus
Canis familiaris
Canis familiaris
Canis familiaris
Canis lupus
Oryctolagus cuniculus
Cercopithecus aethiops
Ursus arctos
Passer domesticus
Phascolarctos cinereus
Rattus norvegicus
Calcarius lapponicus
Vulpes vulpes
Vulpes vulpes
Vulpes vulpes
Vicugna vicugna
Zonotrichia leucophrys

STRESSOR
Handling
Handling
Transport
Transport
Acoustic
Transport
Predator odour
Capture
Capture
Capture and handling
Capture
Predator odour
Capture and handling
Trapping
Handling
Blood sampling
Restraint
Capture and handling

CORT
H
H
H
H
H
H
H
H
H
H
E
H
H
H
H
H
H
H

ACTH
H

H

AUTHORITY
De Villiers et al. 1995
Osadchuk et al. 2001
Bergeron et al. 2002
Frank et al. 2006
Gue et al. 1989
Kuhn et al. 1991
Monclus et al. 2006
Suleman et al. 2000
Cattet et al. 2003
Romero et al. 2002
Hajduk et al. 1992
Thomas et al. 2006
Romero et al. 2002
Kreeger et al. 1990
Moe et al. 1997
Moe et al. 1997
Bonacic et al. 2006
Romero et al. 2002

investigate stressors such as restraint, capture, transport, handling and the response to sound
and predator odours (Table 3). It is important to recognise that trapping may present an array
of different stressors of varying intensity throughout the duration of captivity and this places a
practical limitation on how and when cortisol concentrations can be used to measure welfare
outcomes (Chapter 6.1).
There are a range of objective measurements considered to be associated with brain function
during stress that have been proposed to assess welfare states. Changes in the hormone
oxytocin and concentrations of neurotransmitters such as dopamine may be associated with
the perception of pleasure. Event-related evoked potentials (ERPs) and the frequency
spectrum of electroencephalographs (EEGs) have been found to be useful in assessing the
perception of pain in humans (Bromm 1985, Chen et al. 1989) and in livestock (Barnett et al.
1996, Ong et al. 1996, Morris et al. 1997). These procedures are difficult to use in freeranging and wild species as they cannot be used remotely and typically require surgical
procedures. Increases in plasma oxytocin are associated with decreases in ACTH and
glucocorticoids and proliferation of lymphocytes (Broom et al. 2004). The exposure of
animals to psychological stressors or hostile environments initiates the secretion of a range of
hormones that include cortisol, oxytocin, prolactin, catecholamines and renin (Van de Kar et
al. 1999) and other factors such as nitric oxide (NO) modulate the immune system in response
to stress (Lopez-Figueroa et al. 1998).
Measures of animal emotional responses are currently limited to a relatively simple range of
physiological and behavioural responses where indicators such as stress hormones, elevation
in heart rate or behaviours are attributable to fear or anxiety. These measures do not address
the significance of the conscious experience, where the conscious awareness of sensations and
emotions may be central to the capacity to suffer (Mendl et al. 2004). Heart rate has been
used as an easily measured psychophysiological indicator of stress in dogs, yet increased
heart rate may be associated with both positive and negative emotional states, and while it
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may be correlated with behaviours (Palestrini et al. 2005) it is difficult to use it as welfare
indicator in isolation from other information to assist the interpretation of the emotional state.
In some species excitement and strenuous exercise can cause contraction of the spleen and
expulsion of erythrocytes into circulation (Wintrobe 1976) that may alter normal erythrocyte
numbers, haemoglobin concentrations, packed cell volume (PCV) and mean corpuscular
volume (MCV) (Hajduk et al. 1992). Polymorphonuclear leucocytes include neutrophils
which are the most abundant of the leucocytes. Neutrophils have the ability to migrate to the
site of infection and inflammation and have a potent antimicrobial effect, but they have also
been implicated in tissue damage (Schraufstatter et al. 1984, Ellard et al. 2001). Short-term
mental stressors have been shown to cause a significant increase in neutrophil activation
(Schraufstatter et al. 1984, Ellard et al. 2001) and this is confirmed in response to trapping
stress in foxes (Kreeger et al. 1990). Neutrophil counts were significantly increased while
lymphocytes decreased in dogs subsequent to air transport (Bergeron et al. 2002) and in
coyotes following capture and restraint (Gates et al. 1976). Clomipramine, a tricyclic
antidepressant, is used to treat anxiety disorders and aggression (Mills et al. 2002) and was
supported as a treatment to mitigate transport stress in dogs as it reduced cortisol responses
and neutrophil to lymphocyte (N:L) ratios compared to a placebo group (Frank et al. 2006).
Neutrophil numbers increased and corresponded to an increase in the N:L ratio in koalas after
capture (Hajduk et al. 1992). In vicuĖa (Vicugna vicugna), animals that were restrained in
enclosures showed a significant increase in N:L ratio (Bonacic et al. 2006). Similar changes
in the N:L ratio have been found in pigs dosed with cortisol (Widowski et al. 1989). The
injection of corticosteroids or adrenocorticotrophic hormones caused an increase in
neutrophils and a decrease in lymphocytes within 2 – 4 hours in dogs (Jasper et al. 1965) and
hence N:L ratios may be well associated with cortisol stress response, yet may show a
delayed and flattened response. In macropods, haematological characteristics did not appear
to be obvious markers of any of a range of clinical stressors including capture myopathy
(Clark 2006). Variations in N:L ratios and haematological responses between species or
animal groups may be unpredictable. Leukocyte counts are subject to diurnal variation, with
neutrophils typically peaking in dogs during the day, corresponding to a decline in
lymphocytes, which tend to peak during the mid evening (Lilliehöök 1997, Bergeron et al.
2002) and this is likely to be an important consideration if responses to less intense stressors
are to be compared. In a range of studies that have sought haematological correlates with a
range of stressors, N:L ratios appear to relate to capture, transport, trapping, housing and
restraint stress, but appear to be less applicable to stressors that produce physical trauma
(Table 4).
A range of biochemical indicators has been used to investigate a variety of stressors in
different species (Table 5). Alsatian dogs that were subjected to exercise in hot temperatures
showed an increase in glutamic oxalacetic transaminase (GOT), lactic dehydrogenase (LDH),
phosphohexose isomerase (PHI), acid phosphatase (ACP), alkaline phosphatase (ALP),
aldolase (ALD) and lipase (LIP) (Bedrak 1965). Alkaline phosphatase is found in most tissues
and in high levels in bone and gut. Exercise and elevated corticosteroids can elevate ALP in
dogs (Dorner et al. 1974). Conceivably, stress-induced increases in cortisols in trapped foxes
could have caused the elevations of ALP (Kreeger et al. 1990). Restraint stress in mice has
been shown to increase levels of LDH, creatine kinase (CK, formerly CPK), aspartate
aminotransferase (AST) and alanine aminotransferase (ALT) (Sanchez et al. 2002).
Creatine kinase concentrations are used for diagnosing skeletal muscle damage in animals and
exertional myopathy which is a disease of the skeletal muscles and myocardium (Aktas et al.
1993). In rats the concentration of serum CK correlated strongly with the volume of muscle
traumatised by crushing injury and LDH, AST and ALT concentrations increase in response to
some crushing injuries (Akimau et al. 2005). Forced or mechanical restraint will cause an
elevation of CK values in human patients (Goode et al. 1977). There are three isoenzymes that
predominate in the skeletal muscle (MM) and myocardium (MM and MB), and intestine and
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SPECIES
Domestic dog
Domestic dog
Domestic dog
Eurasian otter
Flying fox
Grizzly bear
Human
Kit fox
Koala
Laboratory dogs
Red fox
River otter
Silver fox
Silver fox
Vicuna

Canis familiaris
Canis familiaris
Canis familiaris
Lutra lutra
Pteropus hypomelanus
Ursus arctos
Homo sapian
Vulpes macrotis mutica
Phascolarctos cinereus
Canis familiaris
Vulpes vulpes
Lontra canadensis
Vulpes vulpes
Vulpes vulpes
Vicugna vicugna

STRESSOR
Transport
Transport
Transport
Capture
Restraint
Capture
Mental stress
Capture
Capture
Housing
Trapping
Capture
Handling
Blood sampling
Restraint
H

H

H
H
H

N:L
H
H

H
H
H
H
L

H

H
H

WCC

H

H
L
L

RBC

H

H
L
L

Hb

H

PCV

L

H

GRA

L
L

L
L

L

LYM
L

L

L

EOS

H

H
H
H

H
H

H

NEU
H
H

AUTHORITY
Bergeron et al. 2002
Frank et al. 2003
Kuhn et al. 1991
Fernandez-Moran et al. 2004
Heard et al. 1998
Cattet et al. 2003
Ellard et al. 2001
McCue et al. 1987
Hajduk et al. 1992
Spangenburg et al. 2006
Kreeger et al. 1990
Kimber et al. 2005
Moe et al. 1997
Moe et al. 1997
Bonacic et al. 2006

Table 4. Major haematological values measured in various species in response to stressors and their concentration as higher (H) or lower (L) relative to
established normals, control or placebo groups (N:L = neutrophil to lymphocyte ratio, WCC = white cell count, RBC = red blood cell count, Hb =
haemoglobin, PCV = packed cell volume, GRA = granulocytes, LYM = lymphocytes, EOS = eosinophils, NEU = neutrophils)
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SPECIES
American elk
Black bear
Dog
Eurasian otter
Flying fox
Grizzly bear
Human
Human
Mice
Pig
Rat
Red fox
River otter
River otter
Roe deer
Silver fox
Silver fox
Vicuna
Vicuna

Cervus elaphus
Ursus americanus
Canis familiaris
Lutra lutra
Pteropus hypomelanus
Ursus arctos
Homo sapian
Homo sapian
Mus musculus
Sus scofa
Ratus
Vulpes vulpes
Lutra canadensis
Lontra canadensis
Capreolus capreolus
Vulpes vulpes
Vulpes vulpes
Vicugna vicugna
Vicugna vicugna

STRESSOR
Capture
Capture
Housing
Capture
Restraint
Capture
Restraint
Tourniquet
Restraint
Limb gunshot
Crush injury
Trapping
Translocation
Capture
Capture and transport
Handling
Blood sampling
Restraint
Capture
H

BR
H

H

H

UR

H

Na

H
H

H
H

H

Gl

L

L
L

Ca

L

Glob
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L

Cr

H

H
L

K
H

H

H

H
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H
H

H
H

H
H
H
H
H
H
H
H
H
H

CK
H
H

H

H
H
H
H

H

H

H

AST
H
H

H

H
H

H

H

H
H
H
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H

H

H

ALP

L

L

Chl

36

AUTHORITY
Millspaugh et al. 2000
Powell 2005
Spangenburg et al. 2006
Fernandez-Moran et al. 2004
Heard et al. 1998
Cattet et al. 2003
Goode et al. 1977
RupiĔski 1989
Sanchez et al. 2002
Münster et al. 2001
Akimau et al. 2005
Kreeger et al. 1990
Hartup et al. 1999
Kimber et al. 2005
Montane et al. 2002
Moe et al. 1997
Moe et al. 1997
Bonacic et al. 2006
Bonacic et al. 2006

Table 5. Major blood biochemistry values measured in various species in response to stressors and their concentration as higher (H) or lower (L) relative to
established normals, control or placebo populations (BR = bilirubin, UR = urea, Na = sodium, Gl = glucose, Ca = calcium, Glob. = globulin, Cr = creatinine,
K = potassium, LDH = lactate dehydrogenase, CK = creatine kinase, AST = aspartate aminotransferase, ALT = alanine aminotransferase, ALP = alkaline
phosphatase, Chl. = cholesterol).
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brain (BB) of dogs (reviewed in Aktas et al. 1993). Elevated CK-MM sub-fraction is typically
associated with muscle trauma (rhabdomyolysis) through shock, surgery or disease affecting
the skeletal muscles (Prudhomme et al. 1999). Experimental lower limb gunshot trauma in
pigs also caused significant elevation of CK values (Münster et al. 2001). Shivering may
induce elevation in creatine kinase (Wladis et al. 2002). Tourniquet ischemia of the arm
produced with a pneumatic cuff for between 30 minutes to 80 minutes caused elevations in
LDH, CK and total protein which could be detected when the cuff was applied for more than
one hour and this response was detectable for three days after its removal (RupiĔski 1989).
The use of CK is a specific marker for diagnosis of muscle disease (0.83 specificity) (Aktas et
al. 1993), however its reliability is influenced by snake venom toxicosis, myocardial disease
associated with parvovirus, dirofilariasis, haemolysis and venipuncture that penetrates muscle
tissue and some therapeutic agents (reviewed in Aktas et al. 1993). In flying foxes (Pteropus
hypomelanus) short-term restraint was associated with changes in haematology and blood
biochemistry which were significantly reduced by anaesthesia with isoflurane (an anaesthetic)
(Heard et al. 1998). The progressive evaluation of recently captured river otters (Lontra
canadensis) showed that CK and AST/ALT were not good indicators of musculoskeletal injury
owing to probable interactions with existing pathology due to infection, parasitism and other
factors independent of capture injury (Kimber et al. 2005). Similarly, elevation of ALT in
dogs has been shown to be associated with skeletal muscle degradation and not liver damage
(Valentine et al. 1990). Some stressors may not be detected in some species or breeds given
variation in response, genotypic difference or different context. For instance, in Alaskan sled
dogs after long distance races there is little indication of increases in serum CK values as an
indication of skeletal muscle damage after days of strenuous racing (Hinchcliff 1996), yet
elevation of CK is associated with physical exertion in other domestic dogs (Aktas et al. 1993).
Overall, the most commonly used biochemical indicators of stress associated with capture,
handling, injury and transport are CK, AST, ALT and ALP and changes in the values of these
indicators have been successfully used to reveal stress responses in a wide range of animals
(Table 5).
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5.4 Visible pathological indicators
One criterion for the assessment of the humaneness of leg-hold traps has used the incidence
and extent of physical injury as the primary indicator of trap welfare outcomes. In most
studies the assumption is that the extent of trauma is inversely proportional to the relative
humaneness of the device. Trauma scales have been used to assess injury produced by
various traps and snares (Tullar 1984, Van Ballenberghe 1984, Olsen et al. 1988, Onderka et
al. 1990, Hubert et al. 1996, Phillips et al. 1996a) and are reviewed by Iossa et al. (2007).
Many studies have used damage scores based upon the extent of the visible trauma inflicted
upon the captured limb only (eg. Olsen et al. 1986, Houben et al. 1993, Fleming 1998,
Stevens and Brown 1987). Whole body necropsies attempt to fully account for the entire
range of injuries, such as puncture wounds caused by vegetation (Hubert et al. 1997) that
occur during trapping. Some authors have ignored mouth injuries (eg. chipped and broken
teeth, lacerations and abrasions of the gums and lips), yet these are common injuries in
carnivores caused by traps (Onderka et al. 1990). Bite wounding (Marks et al. 2004),
predation and death of animals held in a trap have not always been regarded as relevant to the
welfare outcomes and performance of particular devices (eg. Fleming et al. 1998). Many of
the earlier scoring systems did not account for injury and debilitation associated with
pathology such as capture myopathy (Tullar 1984, Van Ballenberghe 1984, Olsen et al. 1988,
Onderka et al. 1990) and given the various manifestations and progression of this disease
(Chapter 6.2.3), it is likely that gross observations would be inadequate to diagnose this
condition.
Since the development of injury scoring, there has been an increase in the number of injury
classes used in various studies (Onderka et al. 1990, Phillips et al. 1996a, Hubert et al. 1997)
and altered weighting and scoring methods make comparisons between many studies difficult
(Engeman 1997, Shivik et al. 2000, Iossa et al. 2007). Van Ballenberghe (1984) developed
five classes of injury scores to assess trap injury (Table 6).

Table 6. Trap injury classification system developed by Van Ballenberghe (1984).
Injury class
I
II
III
IV

Description
Slight foot/leg oedema, no lacerations or broken bones.
Moderate oedema, lacerations less than 2.5 cm long, no
broken bones and joints.
Lacerations at least 2.5 cm long, visible tissue damage, no
tendon damage, one metacarpal or phalanx bone broken.
Combinations of deep, wide lacerations, severed tendons,
broken metacarpals, broken radius or ulna bones and joint
dislocations.

Stevens and Brown (1986) developed a rating system that was based upon that by Van
Ballenberghe (1984) in order to investigate the humaneness of steel-jawed traps and treadlesnares to captive target and non-target vertebrates in Victoria. These authors modified some of
the classification and added an additional one to assist in discerning between slight injuries and
total absence of injury (Table 7).
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Table 7. Trap injury classification system used by Stevens and Brown (1987) based upon that
developed by (Van Ballenberghe 1984).
Injury class
I
II
III
IV
V
VI

Description
No visible trap-related injuries.
Foot swollen.
Skin broken.
Bones disjointed or broken.
Foot amputated.
Dead.

Using the criteria of Stevens and Brown (1987), Murphy et al. (1990) constructed two broad
classifications of "major injury" which included ratings 4, 5 and 6 and "minor injury" for any
of ratings 1, 2 and 3. It was assumed that animals with minor injuries would not be
permanently debilitated upon release. Meek et al. (1995) and Fleming et al. (1998) used a
scoring system following that of Van Ballenberghe (1984) in an Australia-wide analysis of
trauma caused by a range of traps (Table 8).
Table 8. Injury classes attributed to target and non-target animals (after Van Ballenberghe
1984) with inclusion of Class V (Fleming et al. 1998).
Injury class
I

II
III

IV

V

Description
No visible trap-related injuries or only slight foot and /or leg
oedema with no lacerations and no evidence of broken bones
or dislocated joints.
Moderate oedema with skin lacerations 2.5 cm or less, bones
and joints as in Class I.
Skin lacerations greater than 2.5 cm long with visible
damage to the underlying tissue, tendons intact, bone
breakage limited to one phalanx or metacarpal / tarsal.
Various combinations of deep and wide lacerations, severed
tendons, broken metacarpal/tarsal, radius, tibia, fibula and
ulna bones, joint dislocation of the legs, and/or amputation.
Dead in trap from hyperthermia/hypothermia, excessive
blood loss, shock or capture myopathy.

The first widely used scoring systems for trapping trauma (Table 9) sought to weigh
individual injuries in terms of their potential to cause incapacitation and impact upon the
welfare of animals (Onderka et al. 1990). These systems were additive and allowed
quantification and comparison of mean or median injury scoring developed for different
devices. Given that they accommodated a wide range of specific injuries the resolution of
this approach was greater and allowed researchers a greater ability to detect differences in
injury outcomes from a range of devices.
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Table 9. Trauma scoring system adopted by Onderka et al. (1990).
Score
0
1-5
1-5
10
10-20
20-40
30
30-40
30-40
50
50
50
75
100
200
200-300
400

Injury
Apparently normal.
Edematous swelling and/or hemorrhage.
Cutaneous laceration <2 cm long.
Cutaneous laceration >2 cm long.
Subcutaneous muscle laceration or maceration.
Tendon or ligament maceration with partial severance.
Partial fracture of metacarpi or metatarsi.
Fracture of digits.
Amputation of digits.
Joint luxation of digits.
Simple fracture below carpus or tarsus.
Severance of tendons below carpus or tarsus.
Compound fracture below carpus or tarsus.
Simple fracture above carpus or tarsus.
Compound fracture above carpus or tarsus.
Luxated elbow or hock joint.
Amputation of limb.

Table 10. Trauma scoring system (summarised) adopted by the International Organisation for
Standardisation (ISO) and subject to threshold assessments (Harrop 2000).
Score
2
5
10
25
25
30
30
30
50
50
100
100
100
100
100

Injury
Claw loss.
Minor cutaneous laceration.
Major cutaneous laceration.
Severance of minor tendon or ligament.
Amputation of one digit.
Permanent tooth fracture exposing pulp cavity.
Simple rib fracture.
Eye lacerations.
Compression fracture.
Amputation of two digits.
Amputation of three or more digits.
Spinal chord injury.
Compound rib fractures.
Ocular injury resulting in blindness in an eye.
Death.

The ISO committee restricted definition of welfare impacts associated with trapping to purely
pathological observations (Harrop 2000). Their trauma scores permitted an agreed level of
trauma to be associated with an ‘unacceptable’ trap that would allow major debilitative injury
in a majority of cases (Table 10). It was established that the acceptability of a trap would be
contingent upon a 90% confidence that it would exceed a lower threshold score on 50% of
occasions and an upper score for 20% of occasions (Harrop 2000).

40

PTY LTD

Nocturnal
WILDLIFE RESEARCH

Poor welfare outcomes arising from trapping have been defined by the existence of
pathological signs that increase in their severity from the lowest to highest score (Anon 1997,
Shivik et al. 2005) and this approach was useful in relating trauma that would be considered
to be an unacceptable welfare outcome:
1. Fractures and/or joint luxation proximal to the carpus or tarsus;
2. Severance of a tendon or ligament;
3. Major periosteal abrasion;
4. Severe external haemorrhage into an internal cavity;
5. Major skeletal muscle degeneration;
6. Limb ischemia;
7. Fracture of a permanent tooth exposing the pulp cavity;
8. Ocular damage including corneal laceration;
9. Spinal cord injury;
10. Severe internal organ damage;
11. Myocardial degeneration
12. Amputation;
13. Death.

5.5 Survival, growth and development
Trapping studies usually assume that the probability of capture for all individuals in a
population is equal. Trap related injuries and debilitation can reduce the chances of recovery
from subsequent trapping (Earle et al. 2003). This permits trap-release-recapture studies to
provide some insight into the relative impact of traps upon a population. Studies that use
radio-collars to monitor the long-term fate of animals subsequent to capture and release are
probably the most informative in allowing the fate of animals to be known. After trapping a
population of Rüppels fox (Vulpes rueppellii) using padded leg-hold traps, the majority of
individuals were given low injury scores but survival was reduced possibly due to higher
levels of predation upon foxes as trapping could have caused limping or debilitation in other
ways (Seddon et al. 1999, in Iossa et al. 2007). There is an absence of studies that record the
survival, growth and development of animals after capture as a primary aim of the study.
Such controlled studies are difficult to conduct, as good experimental design would ideally
require a population of animals that have not been trapped to be similarly monitored.

5.6 Discussion and conclusions
The value of behavioural indicators of stress is probably limited in the comparative
assessment of leg-hold traps. As behaviours can be variable and not specifically related to
stress, they can be readily misinterpreted (Beerda et al. 2000). Wild animals may hide
symptoms of pain and distress that might otherwise make them vulnerable to predators and
they may display different signs and symptoms of pain (Jordan 2005). Moreover, the utility of
human experience and direct observation to infer the suffering of animals is limited, as we
often do not have the same perceptual abilities; eg. the absence of a vomeronasal organ;
inability to detect infrared radiation, magnetic fields, specific pheromones and some sound
frequency ranges (Gregory 2005).
Studies of the aversiveness of different trapping devices require ‘choices’ to be made between
different traps. Trapping activities are not undertaken in a manner where a wild animal can
be easily observed or be given multiple exposures to traps, and animals are usually unaware
of the trap prior to capture. Further, it is likely that all trapping stressors are intense
regardless of the device used. Discerning discrete differences in behaviour or preference
could be difficult to interpret and may provide very limited information about welfare states.
While the long-term control of coyote populations was found to reduce trapping success and
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may have suggested individual aversion (Sacks et al. 1999), problematically this may have
been the consequence of selected neophobia at a population level, rather than individual
preference based on prior experience. Repeated cage trapping did not affect the recapture rate
of red foxes (Baker et al. 2001), yet other studies using endocrine, pathological, biochemical
and haematological indicators suggest similar traps produce significant stress in foxes (White
et al. 1991). It is possible that cage trapping did not produce recognisable aversive behaviour
for a range of reasons, such as prior negative states not being intense enough to promote
learning, rapid extinction of the memory of prior captures, and/or failure to differentiate the
cage trap from other features in the environment upon recurrent capture. It is difficult to
support an assumption that a lack of demonstrated learned aversive behaviour (perhaps from
one or few experiences) equates to an overall lack of aversiveness and absence of trapping
stress. Moreover, behavioural indicators of trapping stress may not provide sufficient
sensitivity to discern between subtle differences in welfare outcomes from different trap
devices.
Trauma scales and scores are limited in their ability to assess the overall welfare impact of
trapping. The nature of suffering associated with injuries; long-term impacts of injury upon
survival, resulting changes in fecundity and impacts upon dependent animals cannot be known
(Iossa et al. 2007). Variation and lack of compatibility in various trauma scales and their
application even within one species makes comparison of studies difficult (Engeman 1997).
One key deficiency is that the amount of time that an animal spends in captivity is rarely
known even with moderate accuracy. Monitoring trapping practices in the field must contend
with a wide range of experimental variables such as heterogeneous habitat and age structure of
the population; differences in light, temperature and precipitation; trapping protocols and
variations in the performance of each trapping device. Under such conditions, subtle changes
in welfare states may be difficult to detect. Trap injury categories and scoring systems may be
capable of discerning differences in large magnitudes of gross physical injury associated with a
range of traps, especially if they are tested contemporaneously, yet severe injury is an endpoint
of poor welfare. Improvements in trapping practices that may incrementally improve a range
of welfare outcomes may be difficult to demonstrate given the problems in controlling
experiments, the high degree of experimental variance in such field assessments, and the fact
that trauma is only one component of trapping stress that is relevant to assessing welfare
impacts.
An ISO Technical Working Group rejected the adoption of hormone and blood analysis as
indicators of welfare, although this was an approach favoured by European scientists (Harrop
2000). Monitoring the neuroendocrine systems is difficult to do without introducing stressors
associated with blood sampling and restraint normally associated with such investigations,
which may confound experimental results (Carstens et al. 2000). However, other physiological
indicators such as N:L ratio, ALP, AST, ALT and CK appear to be useful indicators of stress
that have been consistently associated with known stressors and pathology in a wide range of
species. Creatine kinase appears to be one of the most useful indicators of trapping stress,
given its potential sensitivity to skeletal muscle trauma, exertion and myopathy, which are key
poor welfare outcomes. Stress leukograms may be useful if used appropriately in experiments
to assess stress, and N:L ratios in particular have been used to assess a wide range of stressors
(Marks, in review, Appendix 1). Unlike collection and measurement of cortisol, these
indicators are comparatively slow to respond and are less likely to be affected by blood
sampling and handling stress, although N:L ratios and ALP levels are probably correlated with
the release of cortisol. A significant drawback is that not all species will respond to stress
indicators in a uniform way and the most appropriate use of haematological and blood
biochemistry indicators will depend upon an understanding of these species differences. Using
data logger systems that reveal the capture period and relative activity of animals in
conjunction with physiological indicators such as CK, AST, ALP, ALT and N:L ratios and
detailed whole-body necropsies is likely to yield the most useful, practical and unequivocal
insight into the relative welfare impacts of traps. Many of the haematological and biochemical
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indicators are standardised, cost-effective and widely available laboratory tests that, if properly
applied, could provide sufficient information to monitor relative welfare states and promote
adaptive management of trapping practices towards better welfare outcomes.
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6.0 STRESSORS AND PATHOLOGY ASSOCIATED WITH LEG-HOLD
TRAPPING
The stressors produced by trapping and the resulting stress and pathology that may arise is
directly related to the potential negative welfare outcomes associated with trapping and
snaring. Improving the welfare outcomes of trapping will require the removal or reduction in
the intensity of various stressors. As species respond to various stressors in different ways, the
contribution of each stressor towards the welfare state of each species should be considered
independently. A model of an animal’s response to stressors suggests that exposure to
stressors can overwhelm an animal’s defence of its normal biological functions and result in
prepathological or pathological states (Figure 3).
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Figure 3. Model of the response of trapped animals to stressors and stress associated with
leg-hold traps (Modified from Moberg 1999 and Carstens and Moberg 2000).
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6.1 Trapping stressors
6.1.1 Startle
Startle response (often referred to as fright) occurs when an animal encounters a perceived
danger without being prepared for it (Gregory 2005). Exposure of an animal to novelty is one
of the most potent conditions that can lead to a negative emotional response (Dantzer et al.
1983, King et al. 2003) and the fearfulness that it produces will be influenced by the physical
characteristics of its presentation, including its proximity, intensity, duration and how
suddenly it appears (Russel 1979). Perception of sudden movement is believed to a potent
stressor in provoking fear in domestic dogs, but its extent depends upon the nature of the
stimulus (King et al. 2003). Leg-hold traps and most snares are hidden, and activation of
some traps occurs within 18.52 -18.59 ms (Johnston et al. 1986) and correspond to velocities
of between 5.38 - 6.83 m s-1 with an impact forces of 182.3 - 281 N in Victor Soft-Catch traps
(Earle et al. 2003). The suddenness and forcefulness of the initial activation and restraint by a
leg-hold trap is highly likely to be a potent cause of startle response.

6.1.2 Primary trauma and acute pain
Primary trauma caused by trapping occurs immediately upon capture or quickly thereafter.
Trauma is defined as tissue injury that usually occurs suddenly as a result of a violent action
that is responsible for the initiation of the HPA, metabolic and immunological responses (Muir
2006). Such events will usually generate pain, stress and fear. Collectively, these reactions
normally benefit animals by enabling them to avoid situations that cause trauma and will
prevent further injury and compensate to restore homeostatic function (Foex 1999). Pain is
usually defined as an unpleasant subjective physical and emotional sensation (Bateson 1991).
The International Association for the Study of Pain defines pain as “an unpleasant sensory and
emotional experience associated with potential or actual tissue damage” (Mersky 1994). Pain
has a unique status in that it is probably best thought of as a stressor as well as a form of stress
associated with trauma in a feedback mechanism. Pain may exacerbate struggling and other
behaviours that result in further trauma and pain.
Acute pain associated with trapping may be associated with primary trauma due to capture.
‘Nociceptors’ are nerve fibres specialised in the reception and transmission of noxious stimuli
that elicit the release of neurotransmitters. They are located in the skin, viscera, muscles,
fascia, vessels and joint capsules and respond to mechanical, thermal or chemical stimuli
(Covington 2000). Pain signalling has been described as operating in several modes: control
state (normal); suppressed; sensitised; or reorganised (pathologic) (Woolf 1994).
Accordingly, pain is not a simple ‘hard-wired’ response that is experienced predictably and
uniformly over time or between individuals. The perception of pain is modulated and
attenuated by a wide range of physiological mechanisms that can enhance or reduce the
experience of pain (Covington 2000).
A putative list of tissues that differ in their sensitivity to pain arranged from most to least
sensitive include: cornea, dental pulp, testicles, nerves, spinal marrow, skin, serous
membranes, periosteum and blood vessels, viscera, joints, bones and encephalic tissue
(Baumans et al. 1994, Martini et al. 2000, Rutherford 2002). Pain from broken bones arises
from distortion and pressure on receptors serving the intramedullary nerve fibres; stretching
of the receptors in the periosteum, receptors in the muscle and soft tissue around the bone.
The pressure resulting from haematoma triggers further pain from the soft tissues and
bradykinin, histamine, potassium and peptide neurotransmitters accumulate and sensitise
nociceptors and initiate tenderness (Gregory 2005). Some forms of environmental and
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physiological stress can modulate pain perception and are often referred to as “stress-induced
analgesia” (Amit et al. 1986) and this is well documented in cases of severe trauma in humans
who may not report pain for minutes to hours subsequent to injury, and is common with
injuries such as fractures (5 min), cuts (13 min) and lacerations (21 min) (Melzack et al.
1982). However, the relevance or extent to which stress-induced-analgesia has a role in the
mitigation of pain associated with trapping injury is so poorly known that it could not be
relied upon to de-emphasise the likelihood that pain is a consistent outcome of trauma caused
by leg-hold traps in all vertebrates.

6.1.3 Restraint and handling
Where species are unable to control or escape from a stressor or trauma, they may show
enhanced emotional stress and responses (Seligman 1972). Restraint is one of the most
common stressors experienced by animals and is a problem associated with a wide range of
agricultural practices where animals are handled (Gregory 2005). Large flight distances and
extreme wariness of humans is a common characteristic of wild mammals that have not been
tamed or domesticated (Price 1984), and handling to euthanase or release animals from a trap
can be a major stressor. Trap escapes have been recorded when traps that have held red foxes
for many hours are approached by trappers, and this may suggest that greater struggling is
produced by this stressor (C.A. Marks, personal observations). It is possible that the
additional motivation that intensified escape behaviour is associated with a fear of humans
that might produce significantly greater motivation than the combined stressors encountered
prior to human contact. Selective breeding of confidence traits produces a reduction in stress
associated with human contact in foxes and other species (Kenttämines et al. 2002, Trut et al.
2004). This implies that in the absence of domestication to reduce stress associated with
innate avoidance of humans (Price 1984), approach and handling of wild species by humans
can be expected to be more stressful than for domestic animals.

6.1.4 Behavioural, social and spatial dislocation
‘Behavioural needs’ are activities that an animal is compelled to perform such that its welfare
is diminished when it is deterred from doing so (Friend 1999). Behavioural deprivation is
often referred to in terms of the denial of behavioural needs (Morgan et al. 2007). The spatial
requirements of an animal are normally determined by a range of factors such as the need to
seek food and water, social interactions, shelter and other resources, and the home range used
may vary due to season, status or other requirements in the pursuit of these needs (Price 1984).
Captivity prevents the pursuit of normal behavioural needs, social interactions with conspecifics and patterns of established range and use of resources.

6.1.5 Loss of cover
Shelter and hiding is a common defensive behaviour for concealment and protection
(Blanchard et al. 2001) and as a means of escape from predators and aggressive social
partners (Price 1984). Trapping and restraint of animals reduces the ability of animals to
retreat to cover in response to the stress it produces. Prepared diurnal shelter sites may be
used during the day for nocturnal species such as foxes (Marks et al. 2006) and wombats
(McIlroy 1977). Larger macropods such as eastern grey kangaroos and red-necked wallabies
select open shelter sites to ensure early detection of predators in order to promote escape
(Jarman 1991, Le Mar et al. 2005) while smaller macropods such as swamp wallabies rely
upon cryptic shelter places to avoid detection and predation during the day (Jarman 1991, Le
Mar et al. 2005). A wide range of anti-predator behavioural adaptations have evolved
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(Kavaliers et al. 2001) and animals respond to avoid aversive stimuli using a narrow array of
‘species-specific defence reactions’ (Bolles 1970). For instance, the defensive reactions of
wild species that receive an unexpected shock from an electric fence are predominantly flight
or withdrawal to a prepared retreat (McKillop et al. 1988). Common wombats were observed
to immediately retreat towards their burrow system in response to aversive stimuli such as
shock from an electric fence (Marks 1998a) as do swamp wallabies (C.A. Marks, unpublished
data) and kangaroos (McCutchan 1980). Trapping stressors are likely to trigger speciesspecific defence reactions in a wide range of animals, but restraint prevents the performance
of behaviours that are typically used to mitigate such stressors.

6.1.6 Light
Circadian rhythms adopted by animals use light as the primary source of temporal
information that is often the key cue for tightly regulated physiological and behavioural
functions (Mohawk et al. 2005). The exposure of captured animals to abnormal light
intensity or the disruption of their usual dial rhythms is an important stressor. Light intensity
influences the activity patterns of a range of carnivores in a species-specific manner. While
red foxes were found to be nocturnal 90% of the time, other carnivores are most active during
the day and increased light intensity can either inhibit or promote activity (Kavanau et al.
1975). Dingoes in the NSW highlands were found to be active throughout the day, with
activity peaks at dawn and dusk (Harden 1985), but in SW Queensland capture times
appeared to suggest predominant nocturnal activity (Marks et al. 2004) (see Chapter 8.4).
Increasing light intensity when rats lack cover increases the level of threat (Tachibana 1982)
and stress can alter the use of phototic regulation for their circadian rhythms (Mohawk et al.
2005). The increase of startle response in rats tested in bright light has an evolutionary basis
as rats are generally nocturnal and are more vulnerable to predators in the light (Walker et al.
2002). Nocturnal or diurnal habits of species can be typically identified by the characteristics
of the photoreceptors in their retina and the predominance of rods, while diurnal species
typically have higher densities of cones (Peichl 2005). Most Australian mammals are
nocturnal in habit and seek shelter during daylight hours; the numbat (Myrmecobius fasciatus)
is the only truly diurnal marsupial (Strahan 1984). Nocturnal activity is argued to be a
primary anti-predator mechanism for many arboreal species (Goldingay 1984). Brushtail
possums alter the intensity of their foraging activity in response to moonlight (Coulson 1996)
and most birds (with the exception of owls, nightjars, night herons etc) are diurnal species that
roost or shelter during the evening (Schodde et al. 1990). Recommendations for live trapping
of nocturnal animals require that traps are set before dusk and inspected as soon as possible
after dawn in order to reduce stress associated with subjecting nocturnal animals to direct
light (Sharp et al. 2005a; 2005b, Anon 2007). Trapping protocols that extend the period
between trap setting and daytime inspection can be assumed to increase the significance of
light exposure as a stressor.

6.1.7 Acoustic
Sounds may be a powerful stressor for captive animals that cannot retreat from them. Sound
stressors associated with predators can cause stress and myocardial necrosis due to
insufficient perfusion of the heart muscle that can lead to death. This has been demonstrated
to occur in species such as ground squirrels and rats that were made to listen to recordings of
cat-rat fighting (Gregory 2005). Traps have a wide range of moving parts with attachments,
chains and mechanisms that produce a varying amount of sound when activated and resisted
by captive animals. Loud noises were shown to be aversive to domestic dogs and affected
gastric motility and hormone release (Gue et al. 1989), activity and behaviour (King et al.
2003). Noise is an important stressor that affects the welfare of captive laboratory animals
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(Jain et al. 2003). In a forest habitat, ambient noise levels ranged from 40 – 70 dB while in
savannah habitats it was 20 – 36 dB (Waser et al. 1986). The sound of metal on metal during
cage cleaning in a laboratory was measured to be 80 dB and had a wide spectrum of
harmonics that were rich in different frequencies (Morgan et al. 2007). Noise made by the
capture device may compound stress experienced by the captured animal and contribute to the
initial startle responses. When inspecting fox trap lines that also used Victor Soft-Catch #3
traps, treadle-snares holding foxes were heard up to 50 m away by a characteristic ‘metal
against metal’ sound of the treadle plate, the chain moving through the eye of the main spring
and the sound of the device hitting hard surfaces. In contrast, Victor Soft-Catch #3 traps
appeared to make far less sound if they were tethered on a short chain and fox captures could
not be heard until a close approach was made to the trap site (C.A. Marks, personal
observations). Post-capture noise could be hypothesised as a possible contributing reason
why comparative blood biochemistry values for foxes trapped in treadle-snares and Victor
Soft-Catch traps differed significantly (Marks, in review, Appendix 1).

6.1.8 Food and water
No organism has a uniformly available food source and periods of negative energy balance
will be normally encountered (Millar et al. 1990). Long-term captivity and restraint will not
allow animals to pursue their normal foraging activities in order to meet metabolic
requirements that may be exacerbated by trapping stress and mobilisation and use of energy
stores. The inability to use behavioural strategies to avoid heat loss may further produce a
negative energy balance. Confinement by a trap device is likely to produce a degree of food
and water stress, depending upon the duration, environmental conditions, activity of the
trapped animal and its nutrition and hydration upon capture. In many terrestrial vertebrates,
the majority of fluids are ingested as part of the food they consume and an inability to forage
for food will compromise hydration and induce thirst (Gregory 2005). In dogs, evaporative
loss from cutaneous surfaces or by panting, salivation or urination (Ramsay et al. 1991) may
be influenced by temperature and stressors. In laboratory conditions, at room temperature
after radiant heating raised the dorsal skin temperature up to 45oC, evaporative loss was the
equivalent of running 7-10 km h-1. When dogs ran under heat their water loss increased to 85150 g hr-1 (O'Connor 1977). Dogs tend to drink water voluntarily once water loss is § 0.6% of
body mass (O'Connor 1977). In a hot and exposed environment, it is likely that water loss
during a period of many hours resisting a trap will be significant.
The field metabolic rate (FMR) and water turnover of various animals has been calculated
using a range of methods including a ‘doubly labelled’ water method (Nagy 2005). The
relationship between the body mass of various vertebrate groups and FMR has been
investigated by allometric scaling to describe their energetics (Nagy 2005), although the
precise relationship between body mass and energy metabolism is a complex multivariate
relationship (Heusner 1985). In NSW, the influx of water for adult foxes was found to be 577
mL day-1 and 444 mL day-1 for males and females respectively in November and decreased to
a mean of 314 mL day-1 and 251 mL day-1 for males and females in April. Higher water
intake in November may have been due to supplementation of water by drinking (Winstanley
et al. 2003). As foxes obtain most of their water requirement from prey, a water intake of 314
mL day-1 corresponds to 370 g of mammalian prey ingested per day (Saunders et al. 1993).
Common wombats were found to require 694 g day-1 and 1450 g day-1 of dry matter to meet
their energy requirements in the dry and growing seasons respectively (Evans et al. 2003).
Birds have to relatively use approximately 20 times more energy each day to live in contrast
to a lizard, while mammals require 12 times more (Nagy et al. 1999). While it has been
assumed that animals increase their energy expenditure in winter to meet the higher cost of
thermoregulation, this has not been supported by studies that suggest that seasonal variations
in metabolic rate is marginal (Nagy et al. 1999). However, given that the stress of capture
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will have significant metabolic costs, trapping stress is likely to be high and compounded by a
need to defend body temperature if exposed to unfavourable climatic conditions.

6.1.9 Odour
Avoidance of predators by their detection by odour (olfaction) is a commonly used strategy in
animals. Captured animals are unable to escape or avoid odour stressors. Components of fox
urine have been shown to elicit endocrine and stress responses in rodents (Soares et al. 2003)
and predator odours can in general produce powerful avoidance behaviour (McGregor et al.
2002). Rats avoided ferret odours and developed a sensitised stress response after the first
exposure (Masini et al. 2006) and mongoose (Herpestes auropunctatus) odour was found to be
repellent to rats (Rattus sp.) (Tobin et al. 1995). The sensitivity of canine scent identification is
well recognised, as is their ability to detect and discern human scents at low concentrations
(Lorenzo et al. 2003), and it is likely that odour detection will be a significant stressor
associated with detection, avoidance, fear and anxiety associated with interactions with
humans.

6.1.10 Thermal
Some animals are strongly dependent upon behavioural thermoregulation to regulate their
body temperature (Brown 1984, Brice et al. 2002) and nocturnal activity rhythms are
common in order to minimise water loss and avoid high temperatures. The denial of shelter
through trapping and captivity and alteration of normal activity rhythms that assist
behavioural thermoregulation may cause thermal stress in unfavourable environments. The
capacity for trapping to expose animals to thermal stressors will be largely dependent upon
the climate, degree of shelter, season, period of captivity and species-specific attributes that
determine susceptibility to thermal stress.

6.2 Trapping pathology
6.2.1 Secondary trauma and pain
Post-capture activity and secondary trauma
Balser (1965) observed that injuries caused to coyotes by steel-jawed traps were largely
produced by their struggle to escape the trap and chewing of the restrained appendage. Van
Ballenberghe (1984) noted that 41% of 109 wolves captured in leg-hold traps incurred severe
injuries to their feet and legs. Injury sustained by wolves was thought to be directly related to
the degree of struggling after capture (Frame et al. 2007). The ‘aggressiveness’ of coyotes
measured by their degree of vocalisation and lunging on removal from neck snares was
positively related to the degree of injury that they had sustained (Pruss et al. 2002). Much of
the trauma produced from trapping is unlikely to be visible immediately or even within some
hours of capture and may take many days to develop into recognisable pathology. The
relationship between initial trauma and the development of secondary trauma is unclear, yet
may include a wide range of physical injuries that have been documented to be caused by
different trapping devices including: oedematous swelling; haemorrhage; lacerations or
maceration of skin and muscle; laceration, maceration or severance of tendons and ligaments;
fracture of metacarpi, metatarsi, digits and other bones; luxation of joints; compound fractures
and amputation (Van Ballenberghe 1984, Linhart et al. 1986, Olsen et al. 1986, Linhart et al.
1988, Olsen et al. 1988, Fleming et al. 1998, Pruss et al. 2002, Frame and Meier 2007).
In red foxes trapped in padded and unpadded leg-hold traps, physical activity due to
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struggling was intense following capture, but decreased rapidly during the first two hours of
capture after which struggling was intermittent (Kreeger et al. 1990). In box traps, foxes
were found to be active for 35.7 ± 8.8 (SE) % of the time overall, although activity was most
intense immediately after capture (White et al. 1991). A similar activity pattern was observed
in dingoes that had been captured in padded Victor Soft-Catch traps, where activity was most
intense during the first hour of capture, yet progressively declined to half the value in the
second hour and almost a quarter by the fifth hour of captivity. Dingoes that had been
captured with a trap fitted with a tranquilliser trap device (TTD) containing diazepam had
significantly lower activity, especially from the second hour of capture, corresponding to the
onset of the sedative/anxiolytic used (Figure 4) (Marks et al. 2004).
As bone strength increases during maturation until approximately 30 weeks of age in
domestic dogs (Jonsson et al. 1984), the bones of young canids may be more susceptible to
breakage. Most studies identify the swelling of the foot to be associated with foot-snares and
traps, yet tend not to indicate that this is a serious injury (Logan et al. 1999, Frank et al. 2003,
Iossa et al. 2007). Trap injury scoring that focuses only upon the limbs of trapped coyotes
was found to be 15% lower than injuries scored when the entire body was necropsied (Hubert
et al. 1997) and this suggests the need for whole body examination of trapped animals
(Onderka et al. 1990) as surrounding vegetation can cause entanglement, trauma and puncture
wounding (Logan et al. 1999, Powell 2005) and other trauma independent of the trap.
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Figure 4. Mean hourly activity measure, AUC (Area Under Curve), for dingoes captured in
Victor Soft-Catch #3 traps with a tranquilliser trap device (TTD – grey shading) (n = 19) or a
placebo TTD (open bars) (n = 20) (P < 0.05) (after Marks et al. 2004).
Dental injury
The welfare implications of dental injures that expose the pulp cavity are highly significant as
this is proposed to be the second most sensitive tissue that can produce intense pain (Baumans
et al. 1994, Martini et al. 2000, Rutherford 2002). Van Ballenberghe (1984) observed that
44% of 109 wolves captured in steel-jawed traps had serious foot injuries, while 46% broke
teeth. Broken, chipped or dislodged teeth occurred in 44% of adults (n=202) and 14% of
juveniles (n=104) captured in steel-jawed traps (Kuehn et al. 1986). Mouth-injuries, such as
chipped and broken teeth, and lacerations and abrasions of the gums and lips occur as a result
of the trapped animal biting at the trap and are more prevalent in carnivores. The biting of
traps is believed to be a common initial response to capture in wolves (Sahr et al. 2000) and is
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common in dingoes captured with Victor Soft-Catch #3 traps due to the chewing and biting of
traps, probably in the initial period after capture (Marks et al. 2004). This can result in
damage to metal parts of the trap (Figure 5). Englund (1982) found that 19% of juvenile
foxes captured in Victor #2 and #3 long-spring traps suffered severe dental injuries by
chewing traps, while 58% of adults were affected. Severe dental injury and jaw breakage
may render animals unable to continue with a normal diet that requires a ‘killing bite’. The
predation of livestock by larger carnivores may be associated with a need to seek alternative
food after damage to dentition and such infirmity was proposed to account for lion attacks
upon humans (Patterson et al. 2003) and jaguar (Panthera onca) attacks upon livestock
(Rabinowitz 1986). However, injuries are also observed in the mouths of untrapped animals
and some authors ignored the assessment of tooth damage due to difficulties in determining if
these injuries were related to trapping alone (eg. Fleming et al. 1998).

Figure 5. Damage to ‘Paws-I-Trip®’ pan tension device ‘dogs’ caused by chewing (indicated
by arrows) of the Victor Soft-Catch #3 traps after capture of dingoes (after Marks et al. 2004).

Predation and insect attack
The predation and death of non-target animals trapped in leg-hold traps is well documented and
the confinement of individuals in leg-hold traps is a major disadvantage to animals that may
need to defend themselves against aggressive interactions with competitors, predators or
insects. Bite wounding among domestic dogs is a well recognised cause of trauma that results
in severe bruising and crushing injuries (Shamir et al. 2002). A fresh bite wound to the scrotum
of a trapped dingo was apparently inflicted by a con-specific (Marks et al. 2004). The
predation of non-target species by wild dogs or foxes while they are held in leg-hold traps and
snares has been reported in Australia (Bubela et al. 1998, Fleming et al. 1998). Over 121
March flies (Family Tabanidae) and blowflies were found in the stomach of a trapped dingo
(even though flies are not regarded as food) and were observed to pester trapped dingoes
(Newsome et al. 1983).
Ischemia
Oedema is a common indication of potential ischemia and is frequently observed after
trapping in padded leg-hold traps (Andelt et al. 1999), yet in some cases animals recover after
release in a few days with no further indications of injury (Saunders et al. 1984). Oedema of
varying degrees is seen in foxes captured with treadle-snares (Figure 6a) and Victor SoftCatch traps (Figure 6b).
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During the obstruction of blood flow, cellular production of ATP may use glycogen
metabolism and creatine phosphate until depleted. Glycogen is broken down to yield
pyruvate and lactate and causes a decline in pH, which will then limit phosphofructokinase
activity and further reduce the potential to develop ATP stores (Harris et al. 1986). There is a
good relationship between the depletion of skeletal muscle ATP stores and the extent of
ultimate muscle necrosis (Walker 1991). Using laboratory rodents subjected to periods of
ischemia, reflow of blood into capillaries was inhibited after two hours and upon release of
the tourniquet declined for a further 90 minutes (Forbes et al. 1995). Restricted blood flow to
limbs will not return to levels seen before ischemia and tissue damage continues for a period
thereafter. The mechanism responsible may relate to the obstruction of capillaries with
leukocytes (Schmid-Schönbein 1987), neutrophil mediated injury in tissue (Schraufstatter et
al. 1984, Ellard et al. 2001), the swelling of endothelial cells (Harris et al. 1993) or freeradical mediated damage (Walker 1991).
The sudden return of circulation initiates the conversion of injured tissue that may have
shown superficial oedema to necrotic tissue over a few days and may take a protracted period
to develop completely (Walker 1991). Tissue pressure of 50 mm Hg represented a critical
threshold for human peripheral nerves at which there will be acute damage (Gelberman et al.
1983). Pressures of 300 mm Hg cause almost total occlusion of blood flow in the limbs of
monkeys (Klennerman et al. 1977). The application of tourniquet cuffs was shown to damage
the sciatic nerve of dogs and although the degree of impairment differed between individuals,
full recovery was shown to take up to 6 months (Rorabeck et al. 1980). Using lower
pressures of 200 mm Hg for two hours, temporary peripheral nerve conduction and blood
flow was occluded and a degree of nerve injury was most pronounced a week after treatment
and diminished in severity over a six week period (Nitz et al. 1986). An important implication
for welfare outcomes from trapping is that after a period of ischemia, gross pathology will be
visible only well after blood flow is restored (Walker 1991). The incidence of debilitation
cannot be known unless the fate of animal is followed subsequent to release or detailed
veterinary investigations are made of affected tissues prior to release.
(a)

(b)

Figure 6. Typical oedematous swelling in the paws of foxes
restrained by a treadle snare (on the left front leg) (a) and the Victor
Soft-Catch #3 trap (on the right front leg) (b) for unknown durations.
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Secondary, chronic and pathological pain
When an animal is trapped there may be pain associated with the initial closure of the trap and
ongoing pain from the trap mechanism (eg. clamping pressure). Pain may arise from injury
due to struggling and continue subsequent to an animal’s release, as it does not necessarily
abate upon the removal of a painful stimulus. Pain is probably best considered to be both a
stressor and a form of a variable pathology that may have a complex feedback mechanism.
Chronic pain may be variously defined as pain that is perceived subsequent to healing or pain
that has no useful purpose (discussed by Rutherford 2002). Chronic pain is not an extension
of acute nociceptive pain, but may be an evolving process where injuries produce a chain of
pathogenic mechanisms that initiates another (Covington 2000). Pain may not arise
immediately, but may follow some time after trauma and exertion (Marchettini 1993). For
example, muscle pain may arise from a state of nociceptor sensitisation and be associated
with strenuous muscle activity (eg. post-exercise muscle pain) and associated with myopathic
weakness and an increase in serum muscle enzymes. Pain that arises after neurological
damage (neuropathic pain) after trauma and the development of inflammation (Carstens et al.
2000) can be chronic and associated with abnormal nociception and amplification of pain.
After nerve damage associated with trap injury, the cessation of physical trauma cannot be
assumed to eliminate pain as acute pain may sensitise and/or facilitate the development of
chronic pain mechanisms (Covington 2000). Pain can become more intense due to restricted
venous return as the wound area becomes engorged with blood and the veins are occluded.
The pressure from this swelling may directly activate pain receptors and the stimulus
producing the pain cannot be removed by restoring blood flow (Gregory 2005). Animal
models of neuropathic pain have been developed in rats by the placement of loose ligatures
around the sciatic nerve or dorsal roots. When the limb becomes oedematous it is often held
in the air and animals develop long lasting and extreme sensitivity to heat and mechanical
stimulus beyond the area of nerve damage (Bennett et al. 1988, Kim et al. 1992).
Self mutilation
Kuehn et al. (1986) recorded that up to 3% of grey wolves chewed at their trapped limbs
irrespective of whether traps were toothed or offset. Self-mutilation is frequent in raccoons
(Procyon lotor) captured in padded and unpadded leg-hold traps (Berchielli et al. 1980).
Dingoes were observed to gnaw at their trapped leg, sometimes biting off extremities
(Newsome et al. 1983) and this is common in coyotes (Balser 1965). In other studies, injury
sustained by the trapped limb was possibly produced as the animal gnawed at the device,
implying that it may not always be self-directed (Stevens et al. 1987). A fox cub was found to
mutilate its digits below the point at which it was held by a Victor #3 Soft-Catch trap (C.A.
Marks, unpublished data). Self-mutilation of trapped feet was observed in 2/10 coyotes
trapped in modified Victor Soft-Catch traps (Houben et al. 1993). Using off-set and laminated
Bridger #3 traps to capture coyotes, 2/27 were also found to have chewed their foot pads
(Hubert et al. 1997). Self mutilation was observed in 2/107 pumas captured in leg-hold snares
after lower leg bones had been broken (Logan et al. 1999). Raptors were found to self-mutilate
following traumatic nerve injury (Holland et al. 1997), yet their propensity to do this in traps is
unknown.
The relationship between nerve damage and self-mutilation is still unclear and previously
some authors proposed that it occurs as a way for animals to shed impaired and insensitive
appendages (autotomy) (Rodin et al. 1984), although this explanation has not found wide
support. It has also been suggested that the reasons for self-mutilation of animals trapped in
leg-hold traps may be because of progressive limb desensitisation (Gregory 2005) and may
imply that injury is not self-directed. However it appears likely that pain and nerve damage is
most likely the primary stimulus that directs self-mutilation. When the sciatic nerves of rats
were severed, 80% were observed to self-mutilate the desensitised area (Blumenkopf et al.
1991) and this was also observed in 91% of subjects in another study (Wall et al. 1979)
There is evidence that genetically determined variation in rates of autotomy/self-mutilation

53

PTY LTD

Nocturnal
WILDLIFE RESEARCH

occurs within some species (Coderre et al. 1986). Self-mutilation has become an important
marker of pain in the assessment of analgesics (Willenbring et al. 1994). In mice, selfmutilation begins at the toes, after which biting progresses further up the limb. Anaesthetic
applied to the limb before nerve damage prevents the onset of self-mutilation and this implies
that pain perception is important in the initiation of this behaviour. In chronic post-traumatic
situations in humans, most commonly following traumatic brachial plexus avulsion, patients
have attempted to persuade others to amputate the limb in the hope of relieving unremitting
neuropathic pain. In these cases the prime motivation is almost always relief of pain rather
than merely the removal of dysfunctional anatomy (Bonney 1959).

6.2.2 Anxiety and fear
Fear is an emotional response to a potentially harmful stimulus and is sometimes separated
from anxiety which is defined as an emotional response to a stimulus that predicts a
potentially harmful or unpredictable environment (Casey 2002). In this definition, fear is
elicited by an explicit, threatening stimulus and subsides shortly after offset of that stimulus
(Davis et al. 1997). Anxiety may be a more generalised and may last for a long period once
activated (Davis et al. 1997). It is a different state to that of fear as it is mostly related to
anticipation or dread in the absence of external triggers (Gregory 2005). Gregory (2005) lists
a range of situations that produce fear, including capture, exposure to unfamiliar objects and
odours, sudden movement, separation from companions, aggressive encounters, exposure to
predators and predator related cues. This emphasises that fear and anxiety are probably
experienced in response to a broad range of stressors encountered during trapping. Sudden
and violent alarm (eg. startle response), apprehension and frustration may be states related to
fear and anxiety and are deemed to be psychological stressors (Jordan 2005) (Figure 7). They
are motivators induced by the perception of danger and each has survival value if life
expectancy of animals can be increased if danger is avoided (Boissy 1995). In monitoring the
environment for threats, an animal will respond with fear if there is a large discrepancy
between observed and expected stimuli (Archer 1979). Fear in animals is believed to give
way to either defensive or avoidance behaviours as a way to protect them from potentially
harmful situations (McFarland 1981).
Fear and anxiety can become pathologic when the stressors are intense or prolonged. Tissues
can be damaged by short-term immobilisation and even emotional or social stress.
Immobilisation or restraint in the absence of other stressors can induce myocardial lesions and
affect tissue integrity in vital organs (Sanchez et al. 2002). This finding challenges previous
beliefs that stress operates over longer periods to cause pathology; short-term restraint may
have greater implications for the welfare of animals than previously thought. When in contact
with humans, Arctic foxes express fear that is well known to be associated with an increase in
stress hormones (Kenttämines et al. 2002). Domesticated animals have a reduced functional
activity of the pituitary-adrenal system, a decreased total glucocorticoid level in blood and,
from in vitro studies, appear to produce less adrenal hormones and basal levels of ACTH
(Trut et al. 2004), yet silver foxes that have been bred to be resistant to stress (Belyaev 1978;
1979) will display rapid stress-induced hyperthermia (SIH) when in close proximity to
humans (Moe and Bakken 1997; 1998, Trut et al. 2004). This has also been observed in
laboratory rodents. In each species, it has been related to the induction of the HPA and
sympathetic adrenal-medullary system (Moe et al. 1997); there is little increase in physical
activity associated with SIH in foxes (Moe and Bakken 1997 and rodents (Kluger et al. 1987).
All vertebrate species probably possess specific receptor sites for benzodiazepine drugs,
which influence states of anxiety (Rowan 1988), and diazepam has been used successfully to
manage SIH in laboratory rodents and foxes (Moe et al. 1998), reinforcing that anxiety or
fearful states initiated solely by the presence of humans are probably responsible for SIH.
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Figure 7. Anxiety, fear or frustration? A dingo captured with a Victor Soft-Catch #3 trap
instrumented with an activity monitoring data logger (metal box fixed to chain) after
approximately 10 hours of confinement (after Marks et al. 2004).

6.2.3 Capture myopathy and exhaustion
Capture myopathy is an acute degeneration of muscle tissue that may arise from capture and
restraint, especially when associated with intense muscular exertion (Hulland 1993). It is a
condition variously named as transport stress, capture stress, degenerative myopathy, white
muscle disease or exertional rhabdomyolysis. It is primarily a disease of wild and domestic
animals and is most commonly reported in birds and mammalian taxa such as macropods,
deer, cetaceans, seals, rodents and primates (Williams et al. 1996). Trauma or compression of
muscles due to physical injury, long-term confinement in the same position, strenuous activity
and constriction of blood flow or hyperthermia are among a number of stressors that can lead
to muscle damage (Vanholder et al. 2000). The disease is initiated when exertion during
anaerobic glycolysis produces low muscle pH associated with the accumulation of lactic acid
in muscle cells. Cellular enzymes such as CK, AST, and LDH are released into the blood
stream along with free radicals that can overwhelm the protective and corrective antioxidant
defence mechanisms (Viña et al. 2000). Diagnosis of exertional myopathy is usually based
upon history of susceptibility, clinical signs and elevation in AST, CK and LDH (Dabbert et
al. 1993). Upon the death and disintegration of muscle tissues, myoglobins (that resemble
haemoglobin) are released and can damage the kidney and the lungs (Wallace et al. 1987,
Vanholder et al. 2000) and when severe, urine may be discoloured dark brown. Acute renal
failure may result from a combination of acidosis and ischemia in concert with myoglobin
deposition in the glomeruli (Wallace et al. 1987). Normally, free myoglobin is bound to
plasma globulins, but massive release of myoglobins will exceed the capacity of plasma
proteins to bind them. Short and intensive bursts of activity may contribute more to the onset
of capture myopathy than prolonged but less intense activity (Beringer et al. 1996).
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There are four general appearances of the disease that have been best described in livestock:
1. Hyperacute (peracute) capture myopathy – associated with very sudden onset and
death due to shock and vascular collapse;
2. Acute capture myopathy – where animals survive for hours or days;
3. Sub-acute capture myopathy - Ruptured muscle syndrome occurs within days to
weeks and the animals develop painful movement due to muscle rupture;
4. Chronic – associated with death that supervenes after a second capture attempt due to
predisposition to cardiac arrest and arrhythmias due to capture myopathy or pathogen and
parasite related diseases (Spraker 1993, Rendle 2006).
While not normally a disease commonly associated with carnivores and dogs in general
(Aktas et al. 1993), capture myopathy was described in a red fox (Little et al. 1998) and in
river otters (Lutra canadensis), where clinical signs included depression, anorexia and shock,
although it was not the sole cause of death (Hartup et al. 1999). Capture myopathy has been
reported for 11 species of macropods in Australia with either debilitation or death being the
outcome (Shepherd et al. 1988). No evidence of cardiac necrosis or renal damage was found
in a study on red kangaroos (Macropus rufus) although skeletal muscle necrosis and
myoglobinuria was found in many (Shepherd 1983, in Shepherd 1988). An attempt to capture
macropods in Australia has been documented to result in 37% (Keep et al. 1971) and 100%
(Shepherd et al. 1988) mortality due to capture myopathy. This has lead to the development
of trapping and immobilisation techniques for small macropods that are specifically designed
to avoid injury and capture myopathy (Coulson 1996, Lentle et al. 1997). It has been
suggested that long-legged birds are more susceptible (Hanley et al. 2005) and appears to be
the case with emus (Tully et al. 1996). The presentation and clinical signs of the disease
appear to vary and may be species-specific. Three roe deer were captured in drive nets,
restrained and placed in transport boxes and then translocated to an enclosure where they
were observed to die 48 hours, 72 hours and 8 days after capture, possibly due to a second
stress episode (Montane et al. 2002). When using ‘drop nets’ it was estimated that between
6-16% of white-tailed deer (Odocoileus virginianus) suffered capture myopathy. Sedating
and blindfolding animals and limiting the noise associated with handling was shown to reduce
capture myopathy by 50% (Connor et al. 1987) and probably demonstrates the importance of
handling, light and acoustic stressors in managing this disease. The use of traps that reduce
handling and processing times and overall exertion were found to significantly decrease the
incidence of capture myopathy compared to the use of net guns (Beringer et al. 1996).
Animals suffering from capture myopathy may be debilitated by scarring of skeletal or
cardiac muscles, which may cause them to appear slower or less alert after release. This may
make animals more susceptible to predation or to other stressors that can cause their death
weeks or months after capture (Hulland 1993). The prognosis is poor for animals that have
clinical signs of capture myopathy, especially if released immediately (Rogers et al. 2004,
Hanley et al. 2005). In whooping cranes (Grus americana), routine capture and handling
caused exertional myopathy and treatment was unsuccessful (Hanley et al. 2004). Some
success has been reported in a range of shorebirds that were rendered unable to stand, walk or
fly, yet this took up to 14 days of intensive supportive care (Rogers et al. 2004). Similarly,
muscle tissue killed by myopathy in quokkas (Setonyx brachyurus) was found to regenerate
after 5-8 weeks (Kakulas 1966). Selenium (0.06 mg kg-1 as sodium selenite) and vitamin E
(0.45 mg kg-1 as d-α tocopherol acetate) was shown to be beneficial in protecting and
assisting recovery of myopathy conditions in livestock (Viña et al. 2000). Treatment of
northern bobwhites (Colinus virginianus) significantly increased the survival of birds
compared to a placebo and this was attributed to a reduction in pathology associated with
capture myopathy (Abbott et al. 2005). Given that many wildlife species will be intractable
to long-term captivity, the practicality of providing supportive care in the field to non-target
species suspected of suffering myopathy is questionable.
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Exertion until exhaustion will have species-specific consequences; dogs appear to be able to
endure exercise stress until exhaustion without severe metabolic acidosis and were found to
have a resting cardiac output 30% greater than pigs, which increases to 60% greater during
steady-state exercise (Hastings et al. 1982). Wombats caught in steel-jawed traps that are
tethered to solid objects will often respond by continuous digging with their unrestrained limb
until physical exhaustion characterised by lethargy and unresponsiveness is seen (C.A. Marks,
personal observations), which is clearly associated with poor welfare (Anon 2007).
Unfortunately, there are few data available concerning the susceptibility of many wildlife
species to capture myopathy and their fate subsequent to release.

6.2.4 Hyperthermia and hypothermia
Heatstroke (hyperthermia) occurs when the mechanisms responsible for heat loss are
overwhelmed, particularly in the absence of freely available water in species such as domestic
dogs. In dogs the disease is characterised by marked elevation in core body temperature
resulting in widespread hepatic and gastrointestinal cellular damage as body temperature
approaches 42oC with vascular collapse, shock and death (Bosak 2004). At body temperatures
in excess of 41oC, domestic dogs are unable to maintain thermal equilibrium and collapse, and
neurological symptoms are evident above 42.5oC (Andersson 1972). After 30-60 min of
moderate exercise on a treadmill (4 km h-1 at an 8% gradient) at air temperatures between 3742oC, Alsatian dogs became distressed and attempted to escape (Bedrak 1965).
The early stages of heatstroke in dogs are characterised by hyperthermia, tachycardia,
depression, vomiting, diarrhoea and dehydration (Krum et al. 1977). Independent of thermal
stressors, anxiety and stress can induce hyperthermia in silver foxes within 5 minutes (Moe et
al. 1997). Heat stress was associated with the death of animals in traps despite the use of the
TTD containing diazepam (Balser 1965). Elevated body temperature was associated with
capture deaths in black bears caught with foot-snares (Balser 1965).
Most small vertebrate species, including arid adapted mammals and reptiles, will become
thermally stressed when ambient temperatures exceed 40-45oC in traps and prolonged
exposure may result in death (Hobbs et al. 1999). Some bandicoots that are found in mesic
environments such as the eastern barred-bandicoot (Perameles gunnii) are similarly unable to
tolerate ambient temperatures > 35oC (Larcombe et al. 2006). Common wombats reduce heat
loss during winter by active periods of feeding followed by refuge in a burrow where their
heat loss is reduced. They have difficulty in maintaining a constant body temperature when
ambient temperatures exceed 25oC and show severe thermal stress when exposed to
temperatures above 30oC (Brown 1984). Arid adapted wombats such as the southern hairynosed wombat avoid high temperatures in summer by selecting cooler parts of the evening to
forage, and they appear to be poor at regulating their body temperature (Wells 1978). The
echidna is unable to manage ambient temperatures > 35oC and relies upon shelter in burrows
to maintain a body temperature below a fatal body temperature of 38oC (Brice et al. 2002).
Hypothermia is a condition where the animal’s body temperature drops below that required
for normal metabolism. Signs of hypothermia include shivering, lethargy, muscle weakness,
stupor, coma and death if severe (Kayser 1957). Rapid chilling is associated with pain and
discomfort, especially to the extremities, and reperfusion pain when full circulation is restored
(Gregory 2005). Some trapped species have been recorded to die as a result of hypothermia in
North America (Mowat et al. 1994) and it has been listed as a possible cause of death for
trapped Australian species (Fleming et al. 1998). Overnight temperatures < - 8 oC were found
to be associated with risk of freezing injury in lynx (Mowat et al. 1994). In sub-zero
temperatures the common wombat appears to be dependent on access to burrows in order to
avoid hypothermia (Brown 1984), although southern hairy-nosed wombats may be mildly
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tolerant to hypothermia (Wells 1978). Poorly insulated shelters can cause death through
hypothermia in common wombats housed in zoos (Marks 1998b).

6.2.5 Impact on dependent young and reproduction
The welfare, growth and reproductive performance of agricultural, laboratory and zoo animals
can be negatively affected by fear and anxiety (Boissy 1995). Trapping stress, injury and
death may cause: 1. ejection of pouch young; 2. abortion; 3. the death of dependent offspring
and; 4. welfare impacts that arise from prenatal stress altering HPA responsiveness in utero
and consequent effects upon the behaviour of offspring. The period of reproductive activity
corresponding to gestation, birthing period and maintenance of target and non-target young
gives some indication of the periods that correspond to possible impacts of trapping upon
reproduction and offspring (Figure 8).
Dependent young
The trapping of animals with offspring that are dependent upon lactation, food and maternal
or paternal care is a possible outcome when traps are used during times corresponding to
breeding, birth and care of target and non-target young (Sharp et al. 2005a; 2005b). In dogs
and foxes, lactation is vital to the survival of cubs maintained within the natal den before they
begin to accept prey (Tembrock 1957). The care of dependent young is also highly dependent
upon a wide range of roles fulfilled by the adults of different species, such as egg incubation,
provision of shelter, protection from predation, provision of body heat and potentially the
maintenance and protection of young past early dependence (Clutton-Brock 1991).
Dingoes appear to breed only once each year in the wild, yet births in the eastern highlands of
Victoria were estimated to occur over a seven month period from March to September with a
breeding peak from June to August (Jones et al. 1988). Male dingoes were found to have
either a low intensity testicular cycle (Jones et al. 1988) or none at all (Catling 1979).
Breeding in domestic dogs is variable in timing and can occur more than once each year
(Christie et al. 1971), with males being fertile throughout the year (Kirk 1970, in Jones and
Stevens 1988). The red fox will produce a single litter each year after a 52-53 day gestation
period (Lloyd et al. 1973, Ryan 1976, Coman 1983). In Australia, pregnancies in the fox
have been reported to range from June to October in foxes taken from a range of habitats
across New South Wales (Ryan 1976) and from July to October in Canberra (35oS) (McIntosh
1963). In a study in western New South Wales (32-33oS), the timing of mating and births
varied from 7 weeks in 1995 to 3-3.5 weeks in 1996, and the earliest evidence of oestrus was
detected on the 14th June (McIIroy et al. 2001).
The bandicoot genera, Isoodon and Perameles, contain highly fecund species, with multiple
births each year with short inter-litter intervals. The macropods (Macropus and Wallabia)
breed year round (Menkhorst 1995). Along with brushtail possums, they have a much larger
inter-litter period (> 200 days) and while brushtail possums have a major autumn and minor
spring breeding season, breeding may occur year round (How 1988). Wombats have been
shown to breed throughout the year, although in Victoria there appears to be a cluster of births
in summer (Skerratt et al. 2004). Lyrebirds and emus breed from May through to October
and ravens between July and September. The period of care provided by the male emu for
chicks has been recorded to last as long as 18 months and may be a period of three to four
months for ravens (Schodde et al. 1990). Although seasonal breeders can have more
predictable reproductive cycles, the period of maternal care necessary to ensure the survival
of juvenile offspring is difficult to define with any precision.
Ejection of young and abortion
In macropods, the ejection of pouch young due to stress or predator avoidance is a unique
strategy to assist in the survival of the mother when stressed (Coulson 1996). The ejection of
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pouch young in response to stress has been observed in eastern-grey kangaroos (in Coulson
1996) and swamp wallabies (Robertshaw et al. 1985). Stress-induced inhibition of prolactin
secretion, resulting in diminished progesterone concentrations, might be the chief cause of
reproductive failure and abortion in red foxes (Hartley et al. 1994). Stress induced abortions
have been noted as a consequence of trapping stress, yet may not occur immediately. For
instance, a puma injured during trapping with a leg-hold snare aborted 3-4 days after capture
but was only recorded because it was closely monitored (Logan et al. 1999).
Prenatal stress
Prenatal stress in the last third of pregnancy induced by brief handling affected adrenal weight
and adrenocortical function in blue fox offspring (A. lagopus) (Braastad 1998). This follows
a general observation that anxiety during pregnancy can affect the corticosterone response to
stress (Vallee et al. 1997), although the welfare implications of this finding are not clear.
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Dingo
Eastern grey kangaroo
Echidna
Emu
European rabbit
Feral cat
Little Australian raven
Long-nosed bandicoot
Red fox
Red necked wallaby
Southern-brown bandicoot
Spot-tailed quoll
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Figure 8. Period of gestation following mating and potential birth season and period of care
for dependent young (lactation and maternal care) for target and non-target species (Strahan
1984, Lee et al. 1985, Tyndale-Biscoe et al. 1987, Hayssen et al. 1993, Menkhorst 1995,
Temple-Smith et al. 2001, Menkhorst et al. 2004).

6.2.6 Dehydration and starvation
If obligatory loss of water (eg. panting, salivation, urination etc) is not replaced by water
ingestion, raised extracellular fluid osmolarity and reduced extracellular fluid volume will
rapidly cause a state of cellular and extracellular dehydration (Ramsay et al. 1991) and may
contribute significantly towards the onset of hyperthermia in hot environments. In dogs, 24
hour water deprivation results in a steady rise in plasma osmolarity and an increase in plasma
vasopressin without a decline in urine volume because water excretion is required to eliminate
sodium (Thrasher et al. 1984). Black bears captured in Aldridge snares had blood
biochemistry profiles attributed to greater exertion, muscle damage and dehydration
compared to individuals captured by remote activated tranquilising collars (Powell 2005).
Grizzly bears had higher N:L ratios, as well as increased concentrations of Na and Cl that
were attributed to dehydration due to water deprivation during 2-23 hours of captivity, which
was probably aggravated by intense activity (Cattet et al. 2003). Increased CK, PCV, ALB,
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Na, TP, Gl and Cl in foxes captured in treadle-snares are suggestive of dehydration due to
intense activity (Marks, in review, Appendix 1).
Large body size appears to assist animals endure fasting better than smaller animals. For
instance, wolves can survive 18-45 days between kills (de Bruijne et al. 1983, Millar et al.
1990), yet much smaller (shrew sized) mammals may need to eat more than their body weight
each day to survive (Chapman et al. 1999). Consequently, the period of time that an animal is
held and its endurance to fasting will determine the extent to which pathology results. In
fasting dogs, liver glycogen was depleted in the second and third days and glycogenesis was
slower than seen in humans or pigs (de Bruijne et al. 1983). Ketone bodies were generated by
carbohydrate-sparing energy production from fat metabolism to assist in energy requirements
after a single day of fasting (de Bruijne et al. 1983). Yet an increase in muscle carnitine,
probably associated with a decrease in metabolic rate associated with prolonged starvation,
was detected between day 5 to 8 in the dog (Rodriguez et al. 1986). It would appear that in
favourable environmental conditions starvation is an unlikely outcome over one day in canids
and larger mammals. In unfavourable conditions of prolonged food stress, disease or other
energy demands that have caused a negative energy balance, a relatively brief period of
fasting and additional stress may have greater welfare consequences.

6.3 Discussion and conclusions
Physical trauma, self-mutilation, myopathy, starvation, dehydration, hypothermia,
hyperthermia, anxiety and fear and ultimately death are endpoints of trapping stress and the
consequence of exposure to intense stressors or a combination of stressors. Good welfare
outcomes of trapping should seek to prevent or mitigate such consequences (Carstens et al.
2000). Identifying stressors and their association with observed pathology is a useful model for
developing methods to prevent, improve and understand welfare states associated with
trapping. The degree to which each stressor may produce stress or pathological responses may
vary due to environmental conditions and the relevance of the stressor to each species.
Fear, anxiety, social and spatial dislocation, starvation, dehydration, hyperthermia,
hypothermia and impacts upon dependent young cannot be accurately accounted for by
assessing trauma alone. Unless detailed necropsies are conducted, capture myopathy and
ischemia are also likely to be undetected in most instances where the focus of assessing
trapping stress is upon recording gross trauma.
Some stressors have different relevance to a range of species and a variable potential to
produce negative welfare outcomes. For instance, the impact of loss of cover and periods of
confinement in light may be extremely stressful for a nocturnal herbivore, yet may not have the
same significance for diurnal species. The placement of traps close to cover may reduce
stressors associated with loss of cover, yet aggravate entanglement and injury due to
vegetation.
There may be a wide range of stressors associated with physical trauma that are not directly
related to the trap mechanism. Acoustic and light stressors, loss of cover, social dislocation
and associated states of fear and anxiety may contribute substantially towards the degree to
which certain animals resist trap devices and sustain or aggravate injuries. Reduction of the
specific stressors that potentiate trauma will guide development of trapping systems with
improved welfare outcomes.
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7.0 COMPARISION OF DEVICES
7.1 Welfare outcomes
7.1.1 Steel-jawed leg-hold traps
Toothed, steel-jawed leg-hold traps cause serious injuries, including compound fractures,
dislocations and amputations of limbs. Not all animals caught in toothed Lane’s traps sustained
injuries that were considered debilitating, but in a comparative assessment of four other
devices, they were the only device where animals were found dead in the trap (Fleming et al.
1998). Unpadded traps such as the Victor #3 NM, Victor #3NR, Victor #3 coil springs and
Newhouse #4 produce major injuries to coyotes (Phillips 1996b). Of 196 red and grey foxes
trapped with #1 to #3 long-spring type traps (#1 ½ being the most common), 26% were
believed to have been crippled through self mutilation or escaping with traps attached to limbs.
The potential for survival was considered to be low, although survival with the loss of one or
two toes is common and these animals have been reported to be re-trapped (Atkeson 1956).
Over two years the survival rate of marked and released nutria (Myocastor coypus) previously
trapped in leg-hold traps (Victor #11 long spring, Victor #1½ coil spring, Victor #2 long spring
or Victor #2 coil spring traps) or cage traps was compared. Released nutria that had been
captured in a leg-hold traps experienced a significantly greater mortality rate (74% compared to
53% for those cage trapped). In this study, it was unknown if the type of leg-hold trap used
influenced survival (Chapman et al. 1978). Subsequent to capture by steel-jawed ‘Lane’s’
traps, 14% of common wombats were shown to have major injuries and the remaining 86%
displayed minor wounds. Wallabies and kangaroos received major wounds on 61% and 83%
of occasions, respectively. Major wounding occurred in 65% of foxes, 69% of possums and
84% of birds (Murphy et al. 1990) (Table 11)

7.1.2 Modified steel-jawed leg-hold traps
Modifications were made to # 2 double coil spring traps by removing one spring and padding
the jaws with adhesive tape after the sharp edges were filed blunt. Of 86 adult foxes captured,
four broke legs and 7/65 cubs broke legs in similarly modified # 1 ½ traps (Sheldon 1949).
Based upon a comparison of injuries sustained by grey wolves in toothed or smooth jawed
traps with either off-set or fully closing jaws, Van Ballenberghe (1984) observed that #14
toothed traps off-set by 1.8 cm appeared to produce less cuts and major injuries (trap
inspection time unstated). Lane’s traps were modified with padding and offsetting the jaws of
the trap so that they did not fully close (Harden 1985) and this reduced the injuries produced
compared with unpadded Lane’s traps (Fleming et al. 1998). Thompson (1992) used padded
Lane’s leg-hold traps (trap inspection time unstated) and 21/205 (10.2%) dingoes died
directly as a result of trapping believed to be caused by a combination of exposure,
exhaustion and shock. Most trapped dingoes sustained minor cuts or oedema of the trapped
leg or foot and their gait appeared normal within days of capture. Although 33/205 (16.1%)
were released with more serious injuries such as missing toes, 19/33 of these were believed to
suffer from no long lasting ill-effects, while 12/33 exhibited abnormal gait and 2/33 became
dissociated from the social group and eventually died. In all, 27.3% of dingoes captured in
this manner sustained major injuries and 23/205 (11.2%) died either directly as a result of
trapping or in the period afterwards (Table 11).
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7.1.3 Padded leg-hold traps
Kreeger et al. (1990) studied the behavioural, physiological, biochemical and pathological
response of captive and free ranging red foxes to padded Victor Soft-Catch #3 and unpadded
steel-jaw traps. Foxes caught in both types of leg-hold traps developed typical stress
responses characterised by elevated heart rate, HPA hormones, CK, AST, LDH and
neutrophilia. Foxes spent far les time physically resisting padded traps, and recurrent peaks
of struggling were restricted to unpadded traps. Unpadded traps appeared less humane on the
basis that, among other indicators, foxes had significantly higher levels of blood cortisol,
ALP, AST and gamma-glutamyl trans-peptidase (GGT) and greater limb injury damage
scores compared to padded traps.
Earlier designs of the Victor #3 Soft-Catch traps were shown to cause minor foot injuries to
coyotes (Olsen et al. 1986, Linhart et al. 1988) and had lower capture success than the
unpadded Victor #3 NM trap (Linhart et al. 1986, Linhart et al. 1988, Linscombe et al. 1988,
Linhart et al. 1992, Houben et al. 1993, Hubert et al. 1997). Progressive modifications to the
trap appear to have overcome earlier problems over a number of generations of development
and testing (Skinner et al. 1990, Linhart et al. 1992, Phillips et al. 1992, Phillips et al. 1996a).
Soft-Catch traps caused the least visible injury to coyotes and 50% (n=10) had no visible injury
while the remainder (n=10) had a swollen foot, small cuts or abrasions. This contrasted with
the Victor #3 NM trap that caused moderate to severe injuries in 80% of coyotes and the #4
Newhouse traps that caused moderate to severe injuries in 45% (Phillips et al. 1992). The use
of #3 Montgomery music wire springs increased the pressure needed to depress the spring
levers from 110 kg in the supplied traps to 154 kg (Houben et al. 1993) and appeared to reduce
the mean injury score by 7 – 14 points in coyotes (Houben et al. 1993). In comparison to
unpadded trap types (Victor #3 NM longspring, unpadded #4 Newhouse and Sterling MJ600)
the Victor Soft-Catch #3 was found to have comparable capture rates and efficacy to the other
trap devices under a range of trapping conditions. There was no difference among the four
traps for capturing the paw below or across the pads, although the Sterling MJ600 had
significantly fewer toe captures (Phillips et al. 1996c) (Table 11).
In a comparison of eight capture devices for coyote by the Denver Wildlife Research Centre
(USA), the Victor Soft-Catch #3 modified with four coil springs and increased clamping force
(3.6 kg cm2, compared to 2.1 kg cm2 for the standard model) produced less than half the mean
injury score and higher capture rate (see Chapter 7.3) (CR = 0.97) compared to a laminated
Northwoods #3 trap and was the most successful of all devices compared. While the EZ Grip
trap and Belisle foot-snare appeared to produce marginally lower median injury scores, they
had lower capture rates (CR = 0.88 and 0.64) respectively) (Andelt et al. 1999) and the WS-T
snare produced more injury (Shivik et al. 2005). The # 3 ½ EZ Grip was compared with
unpadded Stirling MJ600 and the unpadded Northwoods #3 with rolled steel laminations for
the capture of coyotes. Trauma scores were based upon those proposed by Jotham et al. (1994)
and the ISO trauma scales (Jotham et al. 1994) and median injury scores for the EZ Grip traps
were significantly lower than for the other devices. Frame and Meier (2007) found that the EZ
Grip trap cased no injury in 74% and 77% of adult and juvenile wolves. Using Victor SoftCatch #2 and #3 traps, 61% of red foxes were found to have no injury (Englund 1982) (Table
11).
Australian studies that compared a range of devices designed to capture wild dogs and foxes
revealed that Victor Soft-Catch traps seriously injured 28.3% of non-target animals and treadlesnares caused serious injuries to 17.1%. The severity of injuries experienced by animals caught
in Soft-Catch traps varied between species, with wallabies (mostly Macropus dorsalis and M.
rufogriseus) suffering either minor injuries, broken limb bones or dislocations (Fleming et al.
1998). Molsher (2001) used Victor #1 ½ Soft-Catch traps to target feral cats and observed that
a non-target fox broke its leg. A cat was captured repeatedly within a relatively short period
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(10 times in total): its left front leg was swollen and it limped on release. It was found dead two
months later. Some foxes caught in 'Victor' traps sustained serious tissue damage and exposure
of the metacarpal bone. Meek et al. (1995) found that animals dislocated their legs by
entangling themselves and the trap in understorey vegetation while trying to escape, and the
shock-absorbing effect of the spring and the swivel were rendered ineffective. Non-target birds
were released with the loss of some leg scales after capture in Victor Soft-Catch traps (Meek et
al. 1995). An adult fox was euthanased after capture by the scrotum in a Victor Soft-Catch trap
(C.A. Marks, unpublished data). Marks et al. (2004) used fourth generation Victor Soft-Catch
#3 fitted with a diazepam or placebo TTD to trap dingoes and assessed damage to soft tissue,
bone, tendon, and cartilage, consistent with the scoring method described by Onderka et al.
(1990). Chipped or broken teeth and total tooth damage scores were similar for the drug TTD
and placebo TTD fitted traps. Limb damage was limited in both groups with 13/20 and 16/19
dingo limbs having no visible injury in the placebo and drug groups respectively. Compound
fractures and bone damage was limited to a single case of a bone chip on a digit. Superficial
damage was generally limited to small cutaneous lacerations and subcutaneous haemorrhage
however there was no significant difference in the median limb damage scores for both groups
(Marks et al. 2004). Research into the injury sustained by brushtail possums in New Zealand
using Lane’s-Ace and padded and unpadded Victor #1 and #1½ traps indicated that serious
injuries were caused by traps without padding modifications (Warburton et al. 2004) (Table
11). Recent authors have encouraged further research with padded leg-hold traps as they
appear to minimise injuries more than other models or modifications (Hubert et al. 1997) and
are the thought to be a significant advance in preventing capture trauma (Phillips 1996).
Pressure necrosis and ischemia may arise from the use of traps or leg-hold snares that restrict
blood flow to tissues for prolonged periods, and this may also be at least partly responsible for
the initiation of self-mutilation (see Chapter 6.2.1). Ischemia has been described in wolves
captured with leg-hold traps (Frame et al. 2007) but the degree to which this occurs in a range
of traps is unknown. Dingoes trapped in Victor Soft-Catch #3 traps with modified springs
showed signs of necrotic injury upon recapture and this was hypothesised to be a result of
constriction caused by the rubber pads (Byrne and Allen 2008). Foxes housed in a research
facility were originally trapped with the Victor Soft-Catch #3 trap and showed indications of
mild to moderate oedema after removal from the trap and no other trauma. When held in
captivity for approximately one week, some were found to develop tissue necrosis and
erosions that caused the exposure of tendons (Figure 9d and 9e) (C.A. Marks and F. Busana,
unpublished data). The incidence of this trauma in non-target species is not known, nor is the
welfare implications of such injury in target species, as most are either euthanased or released
before visible pathology develops. Self-mutilation of feet was observed in 2/10 coyotes
trapped in Victor Soft-Catch traps that were modified for 40% greater spring tension and a 15
cm chain that restricted activity and movement (Houben et al. 1993). It was suggested that
this may have been due to the Soft-Catch trap being more capable of numbing the coyote’s
foot (Houben et al. 1993), however the small sample (n=10) of animals taken with the
alternative trap (modified Northwoods #3 coil spring) precludes any firm conclusions.

7.1.4 Laminated leg-hold traps
The #3 Northwoods offset jawed, coil-springed traps (Glen Sterling: Faith, South Dakota) were
modified with 6.35 mm lamination strips and the average pressure required to depress the jaws
was 198 kg. Coyotes captured in unpadded Victor #3 coil spring traps and Victor #3 longspring traps had an incidence of injury 5-7.5 times greater than those captured in the modified
Northwoods traps (Houben et al. 1993). The combination of doubling the width of the jaw
area and offsetting jaws, strong springs and improved swivelling system were believed to be
responsible for this, however there was no significant reduction in injury scores when
compared to the Victor Soft-Catch trap, although these data were based upon small samples
(n=10) (Houben et al. 1993). Injuries to coyotes using Northwoods #3 traps modified with
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unpadded, offset, wide-laminated jaws (12.8 mm) and centre mounted anchor chains where
significantly higher than for padded #3 ½ EZ Grip long-spring traps (Phillips et al. 1996b).
Trap related injuries in red foxes using # 1 ½ coil spring traps were less serious when jaws
were offset and laminated (Kern et al. 1994, in Hubert et al. 1997). However, no statistically
significant reduction in injury was detected when larger Bridger #3 traps were modified with
similar lamination (total width = 9.5 mm) and offset, although some reduction in mean injury
scores (28% reduction in whole body injury) was implied (Hubert et al. 1997). In contrast,
between 48-85% reductions in injury have been documented for coyote capture using the #3
Victor Soft-Catch trap (Olsen et al. 1986, Olsen et al. 1988, Onderka et al. 1990, Hubert et al.
1997) (Table 11).

7.1.5 Leg-hold snares
Iossa et al. (2007) reviewed the welfare performance of leg-hold snares and found that they
are generally associated with less mortality than leg-hold traps. Approximately 51% of foxes
captured with foot-snares (Nordic Sports AB: Kellefteå: Sweden) were found to have dental
injury compared to 94% and 75% captured in Victor long-spring traps (Englund 1982). Cable
restraints used in trials with the Belisle and WS-T snare caused swelling and lacerations as
well as fractured and chipped teeth, probably from chewing the cable. When compared to the
Collarum neck snare, both produced far greater injury scores (Shivik et al. 2000). The ‘Rose
Leg Cuff’ uses a Kevlar band that encloses the trapped leg and has been used with success to
restrain foxes and badgers in the UK, where the only trauma reported was temporary swelling
of the trapped paw (Kirkwood 2005). In Australia, visible trauma associated with the treadlesnare was significantly reduced compared to large (Lane’s) steel-jawed traps (Stevens and
Brown 1987, Murphy et al. 1990, Fleming et al. 1998) and was believed to be similar to
trauma caused by Victor Soft-Catch #3 traps (Meek et al. 1995). Meek et al. (1995) indicated
that the most serious injuries sustained by foxes caught in treadle-snares were lacerations
caused by the edges of the snare-locking bracket rubbing on the skin. Bubella et al. (1998)
captured 71 red foxes with treadle-snares and three suffered broken legs and were shot. Most
individuals showed swelling of the lower foreleg due to loss of circulation and skin abrasions,
depending on the length of time spent in the trap. Forty red foxes that were radio-tracked and
observed for up to two years following trapping showed no apparent long-term adverse
effects such as visible deformation of limbs or limping. The nine individuals that were
recaptured showed no sign of having been trapped previously as no scarring or thickening of
the limb was seen. Fleming et al. (1998) indicated that approximately 55% of dogs, foxes and
cats received no injury as a consequence of capture in the treadle-snare (Table 11).
The behaviour of different species when snared will greatly influence the amount of trauma
sustained. For instance, after capture with a snare based upon the Aldridge snare throwing
arm, lions (Panthera leo) appear to resist little and had no broken skin or injury (Frank et al.
2003). Snares used to capture black bears can cause swelling and lacerations around the
restrained area and constant tugging can cause fractures, muscle, tendon, nerve and joint
injury (Lemieux et al. 2006). In a study by Powell (2005), black bears were captured with
Aldridge-type foot-snares and capture injury and blood biochemistry was compared with
bears captured in their dens and those recovered with immobilising dart collars. Snaring
resulted in less than 70% of the population incurring damages consistent with a score of ≤ 50
points according to the scoring system used by Powell and Proulx (2003). Blood
biochemistry parameters corresponding to higher levels of exertion in snared adult bears in
comparison with those recovered by dart collars and included elevated Gl, ALB, AP, ALT,
LDH and CK. Dehydration was indicated by changes in Gl, ALB, ALB:globulin ratio and
TP. Elevated CK and LDH were indicative of high levels of exertion during snaring relative
to other recovery techniques (Powell 2005). Spring activated leg-hold snares (Margo
Supplies: Alberta, Canada) used to capture grizzly bears caused elevated CK, AST and ALT
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which was suggestive of muscle damage following capture, related to tightening of the cable
on the forelimb and excessive strain on the muscles and joints. A higher N:L ratio was
typical of a stress leukogram as well as increased concentrations of Na and Cl- that indicated
dehydration as a result of being deprived of water for 2-23 hours aggravated by intense
activity (Cattet et al. 2003). Elevation of muscle enzymes has also been reported for black
bears (Ursus americanus) and polar bears (Ursus maritimus) captured by leg-hold snares (Lee
et al. 1977, Schroeder 1987, Huber et al. 1997).
Compared to other recovery methods (cage traps, netting and Victor Soft-Catch #3 traps),
foxes captured in treadle-snares had significantly higher mean ALB, CK, RCC, N:L ratio, Na,
TP and white cell counts (WCC). Treadle-snares were also associated with higher Cl-, Hb
and packed cell volume (PCV) than cage trapping and netting. These were indicators of
greater muscle damage, exertion and dehydration (Marks, in review, Appendix 1) similar to
that reported in snared black bears (Powell 2005) and grizzly bears (Cattet et al. 2003).
Treadle-snares were tethered to a solid fixture by a length of snare cable and chain that was 2
m in length, in contrast to 0.5 – 0.75 m chains that were used to anchor the Victor Soft-Catch
traps (Marks, in review, Appendix 1). Foxes have the ability to run or leap to the end of the
snare tether where they are brought to a sudden stop, while their coordinated movement
appears to be impaired when caught in a leg-hold trap (C.A. Marks, personal observations).
Longer tethers and an ability to develop large momentum before being pulled to a sudden stop
may be associated with greater activity and muscle damage (Chapter 8.3). The apparently
greater metallic noise associated with activated treadle-snares (Chapter 6.1.7 and Chapter 8.5)
may be an additional stressor that promotes increased activity in comparison to that associated
with the Victor Soft-Catch trap.
Limb oedema was an almost universal observation of red foxes that had been recovered by
treadle-snares (Figure 6a and 6b) and Victor Soft-Catch traps (Figure 6c and 6d) and this was
photo-documented in trapped foxes received by the Victorian Institute of Animal Science
(Frankston, Victoria, Australia) and housed in the institute’s fox facility (C.A. Marks and F.
Busana, unpublished data). Some foxes captured with treadle-snares were found to have
trauma typical of deep, compressive wounds, and lacerations caused by the locking bracket
and cable. Oedematous swelling, which appeared to worsen within the first day after capture,
was consistent with observations of ischemia and reperfusion injury (Chapter 6.2.1). In some
animals, skin and muscle necrosis became apparent within 3-5 days of trapping and extensive
erosion of the injury site was exacerbated by foxes licking and debriding the wound (F.
Busana, personal observations). Tendon and bone was exposed and muscle tissue had a
purple to crimson appearance typical of necrotic tissue (Figure 9a-9c). The progression of
this pathology was believed to be consistent with that described for ischemic conditions
leading to outcomes of long-term or permanent debilitation (Chapter 6.2.1). The time period
that the foxes had been captive in the snare prior to recovery was unclear.

7.1.6 Neck snares
When set correctly, serious injury was reported to be relatively uncommon from non-lethal
neck snares used in the UK, although mortality may be higher than for foot-snares due to their
frequent misuse (Kirkwood 2005, Iossa et al. 2007). The welfare outcomes from neck
snaring of foxes in the UK can be variable as the methods used to manufacture, set and
monitor neck snares differ and the proportion of non-target species captured can range from
21-69% (Kirkwood 2005). The Collarum neck snare appears to be more target-specific than
many leg-hold traps and snares as it uses a baited lure to trigger it and it is set above ground
level, which may allow more selectivity for capturing coyotes (Shivik et al. 2000). The
Collarum appears to causes few cases of major injury, with the most conspicuous trauma
being tooth damage, probably from chewing on the cable (Shivik et al. 2000). While cases of
deaths have been recorded due to the failure of the system to trigger correctly, this is
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relatively rare (Shivik et al. 2005). The ISO injury scores for two versions of the Collarum
neck snare (2.5 and 5.4) were far lower than for the WS-T (12.3) and Belisle snare (22.5)
(Shivik et al. 2000). When the Collarum was compared to the WS-T and Victor Soft-Catch in
another study, damage scores were 2.5, 30.7 and 21.7 (scoring system after Phillips et al.
1996) respectively (Shivik et al. 2005). Neck snares equipped with diazepam tabs reduced
the number of coyotes with oral lacerations and facial injuries (Pruss et al. 2002) and the
potential to incorporate this approach with the Collarum snare may reduce injuries further
(Table 11). Lethal wire neck snares were assessed in the field and of 65 coyotes recovered,
only 59% were captured by the neck. Of the remainder, 20% were captured by the flank,
11% by the front legs and neck and 10% by the foot. Of these, 48% were found to be alive by
morning although a proportion were moribund (Guthery et al. 1978). Using power neck
snares, foxes could be rendered unconscious in a minimum of six minutes but the device also
tended to capture some individuals around the body or head (Proulx et al. 1990).
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(a)

(b)

(c)

(d)

(e)

Figure 9. Appearance of lower limb of foxes restrained by the treadle snare
(a,b,c) and Victor Soft-Catch #3 trap (d,e) 6-11 days after capture showing
various degrees of tissue necrosis and erosion exposing tendon and bone.
Upon capture these foxes were all observed with oedematous swelling, but
no other obvious trauma. Capture duration is unknown.
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Table 11. Trap and snare type used to capture canids (wild dogs, dingo, wolf, coyote and red
fox) and non-target species and the percentage with no injury (NIL), minor injury (MIN),
major injury (MAJ) and those that were dead upon recovery (DEAD). (Minor injury =
swelling, cutaneous, tendon or ligament lacerations corresponding to up to 20 points of
trauma scale proposed by Tullar 1984, Olsen 1988, Onderka et al. 1990, Hubert et al. 1996.
Major injury = trauma > 20 points corresponding to degrees of joint luxation, fractures or
amputation. Minor injury corresponds to class I and II (Van Ballenberghe 1984, Kuehn et al.
1986, Frame and Meier 2007), < class III with class I corresponding to no injury (Fleming et
al. 1998), class I, II and III (Stevens and Brown). Cause of death is inclusive of trauma from
trap related injury or predation of captive animal.
%
%
%
%
TRAP AND SNARE TYPE
TARGET
N
NIL
MIN
MAJ
DEAD AUTHORITY
Belisle foot snare
Coyote
16
1
0
Shivik et al. 2000
Bridger #3
Coyote
19
21
79
Hubert et al. 19971
Bridger #3 (laminated-offset)
Coyote
29
28
72
Hubert et al. 19971
Collarum neck snare (1998
version)
Coyote
16
0
0
Shivik et al. 2000
Collarum neck snare (1999
version)
Coyote
24
4
1
Shivik et al. 2000
Collarum neck snare
Coyote
13
30
62
0
7
Shivik et al. 2005
EZ Grip #7
Wolf (adult)
70
74.3
17.1
8.6
0.0
Frame et al. 2007
EZ Grip #7
Wolf (juv)
26
76.9
11.5
11.5
0.0
Frame et al. 2007
Lane’s (large steel-jawed)
Dog, fox and cat
73
5.5
63.0
26.0
5.5
Fleming et al. 1998
Lane’s (large steel-jawed)
Dog, fox and cat
123
3.3
65.9
27.6
3.3
Stevens et al. 1987
Lane’s (large steel-jawed)
Non-target
56
8.9
32.1
46.4
12.5
Stevens et al. 1987
Lane’s (large steel-jawed)
All
179
5.0
55.3
33.5
6.1
Stevens et al. 1987
Lane’s (large steel-jawed)
Fox
268
35.4
64.6
Murphy et al. 1990
Lane’s (large steel-jawed)
Rabbit
63
19
81
Murphy et al. 1990
Lane’s (large steel-jawed)
Cat
114
54.4
45.6
Murphy et al. 1990
Lane’s (large steel-jawed)
Wombat
88
86
14
Murphy et al. 1990
Lane’s (large steel-jawed)
Possum
72
31
69
Murphy et al. 1990
Lane’s (large steel-jawed)
Kangaroo
36
17
83
Murphy et al. 1990
Lane’s (large steel-jawed)
Wallaby
153
38.6
61.4
Murphy et al. 1990
Lane’s (large steel-jawed)
Bird
25
16
84
Murphy et al. 1990
Lane’s (large steel-jawed)
Dingo
205
0?
16.1?
10.2
Thomson 1992
Lane’s (padded)
Dog, fox and cat
313
33.6
50.5
15.9
0.0
Fleming et al. 1998
Lane’s-Ace
Brushtail possum
78
71
30
Warburton 19921
LPC #4
Wolf (adult)
38
13.2
31.6
55.3
0.0
Sahr et al. 2000
LPC #4
Wolf (juv)
47
44.7
48.9
6.4
0.0
Sahr et al. 2000
Newhouse #14
Wolf (adult)
91
5.5
61.5
33.0
0.0
Kuehn et al. 1986
Newhouse #14
Wolf (juv)
38
21.1
63.2
15.8
0.0
Kuehn et al. 1986
Newhouse #14
Wolf (adult)
21
4.8
95.2
0.0
0.0
Kuehn et al. 1986
Newhouse #14
Wolf (juv)
19
0.0
100.0
0.0
0.0
Kuehn et al. 1986
Newhouse #4
Wolf (adult)
182
7.1
52.2
41.2
0.0
Kuehn et al. 1986
Newhouse #4
Wolf (juv)
87
36.8
46.0
17.2
0.0
Kuehn et al. 1986
Newhouse #4
Wolf (adult)
81
9.9
51.9
38.3
0.0
Kuehn et al. 1986
Newhouse #4
Wolf (juv)
35
31.4
40.0
28.6
0.0
Kuehn et al. 1986
Nordic sport foot-snare
Red fox
115
83
15
3
Englund 1982
Smooth steel-jawed
Dog, fox and cat
20
40.0
50.0
10.0
0.0
Fleming et al. 1998
Steel-jawed (various)
Wolves
106
44
Van Ballenberghe 1984
Tomahawk snare
Coyote
7
14
43
29
14
Shivik et al. 2005
Treadle-snare
Dog, fox and cat
80
33.8
60.0
5.0
1.3
Stevens et al. 1987
Treadle-snare
Non-target
32
43.8
40.6
12.5
3.1
Stevens et al. 1987
Treadle-snare
All
112
36.6
54.5
7.1
1.8
Stevens et al. 1987
Treadle-snare
Dog, fox and cat
117
54.7
41.0
4.3
0.0
Fleming et al. 1998
Treadle-snare
Fox
71
4.2
Bubela et al. 1998
Treadle-snare
Fox
523
81.3
18.7
Murphy et al. 1990
Treadle-snare
Rabbit
14
79
21
Murphy et al. 1990
Treadle-snare
Cat
126
93.7
6.3
Murphy et al. 1990
Treadle-snare
Wombat
483
91.5
8.5
Murphy et al. 1990
Treadle-snare
Possum
79
73
27
Murphy et al. 1990
1
Indicates scoring category may have some minor overlap or inconsistency when compressed into current injury
category.
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Table 11 (cont). Trap and snare type used to capture canids (wild dogs, dingo, wolf, coyote
and red fox) and non-target species and the percentage with no injury (NIL), minor injury
(MIN), major injury (MAJ) and those that were dead upon recovery (DEAD). (Minor injury
= swelling, cutaneous, tendon or ligament lacerations corresponding to up to 20 points of
trauma scale proposed by Tullar 1984, Olsen 1988, Onderka et al. 1990, Hubert et al. 1996.
Major injury = trauma > 20 points corresponding to degrees of joint luxation, fractures or
amputation. Minor injury corresponds to class I and II (Van Ballenberghe 1984, Kuehn et al.
1986, Frame and Meier 2007), < class III with class I corresponding to no injury (Fleming et
al. 1998), class I, II and III (Stevens and Brown). Cause of death is inclusive of trauma from
trap related injury or predation of captive animal.
TRAP TYPE
Treadle-snare
Treadle-snare
Treadle-snare
Victor # 1½ unpadded
Victor # 1 unpadded
Victor #2 & #3 LS (coated)
Victor #2 and #3 LS
Victor Soft-Catch # 1
Victor Soft-Catch # 1½
Victor Soft-Catch # 1½
Victor Soft-Catch #1½
Victor Soft-Catch #3
Victor Soft-Catch #3
Victor Soft-Catch #3
Victor Soft-Catch #3
Victor Soft-Catch #3
Victor Soft-Catch #3
Victor Soft-Catch #3
Victor Soft-Catch #3
Victor Soft-Catch #3
Victor Soft-Catch #3
Victor Soft-Catch #3
Victor Soft-Catch #3
Victor Soft-Catch #3
Victor Soft-Catch #3
Victor Soft-Catch #3
Victor Soft-Catch #3
Victor Soft-Catch #3/TTD
WS-T leg snare

TARGET
Kangaroo
Wallaby
Bird
Brushtail possum
Brushtail possum
Red fox
Red fox
Brushtail possum
Foxes
Brushtail possum
Foxes
Coyote
Wild dog
Wild dog
Red fox
Feral cat
Dog, fox and cat
Birds
Lagomorphs
Macropods
Sheep
Possums
Varanids
Rufous bettong
Dingo
Coyote
Coyote
Dingo
Coyote

N
64
281
23
74
72
28
117
63
48
82
30
36
13
170
75
35
280
45
32
29
12
11
11
9
20
31
24
19
20

%
NIL
36
61
7.7
60.0
46.7
68.6
55.7
10.2
25.0
3.5
91.7
54.6
27.3
44.4
65.0
4
84.2
0

%
MIN
50
64.8
39
81
87
21
9
99
62.5
93
93.3
47.2
76.9
20.6
30.7
28.6
24.3
28.6
21.9
17.2
0.0
27.2
0.0
22.2
30.0
83.9
88
15.8

%
MAJ
50
35.2
61
10
12
43
30
2
37.5
7
6.7
52.8
15.4
19.4
22.6
2.8
18.2
46.8
28.1
62.1
0.0
0.0
45.5
22.2
5.0
16.1
8
0.0

%
DEAD
-

0.0
0.0
0.0
0.0
0.0
14.3
21.9
17.2
8.3
18.2
27.2
11.1
0.0
0
0.0
0

AUTHORITY
Murphy et al. 1990
Murphy et al. 1990
Murphy et al. 1990
Warburton 19921
Warburton 19921
Englund 1982
Englund 1982
Warburton 19921
Olsen et al. 1988
Warburton 19921
Olsen et al. 1988
Olsen et al. 1988
Stevens et al. 1987
Fleming et al. 1998
Fleming et al. 1998
Fleming et al. 1998
Fleming et al. 1998
Fleming et al. 1998
Fleming et al. 1998
Fleming et al. 1998
Fleming et al. 1998
Fleming et al. 1998
Fleming et al. 1998
Fleming et al. 1998
Marks et al. 2004
Olsen et al. 1988
Shivik et al. 2005
Marks et al. 2004
Shivik et al. 2000

1

Indicates scoring category may have some minor overlap or inconsistency when compressed into current injury
category.
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7.2 Comparative capture rate
Capture rate (CR) is the ability of the trap to catch and hold an animal, which has sprung the
trap. Linscombe and Wright (1988) defined CR as the number of animals captured divided
by the potential captures. Potential captures include those animals that have escaped, or if
known, those that failed to trigger the trap mechanism that were at the trap site. Under
Australian conditions, the CR of Victor Soft-Catch traps (CR = 0.75) were shown to be
significantly higher than those for the toothed Lane’s traps (CR = 0.54). No significant
difference in CR was found between Lane’s traps and treadle-snares for dogs, foxes and feral
cats combined (CR = 0.46) (Fleming et al. 1998). The capture rate for the Novak and
Freemont snares did not differ in the capture of coyotes, yet was approximately three times
less than for leg-hold traps, and Novak snares missed potential captures more frequently
(Skinner et al. 1990). In general, the CR of snares appears to be lower for leg-hold traps and
the Belisle (CR = 0.64, 0.78), Panda (CR = 0.08) and WS-T snares (CR = 0.66, 0.88) mostly
under-perform contemporary Victor Soft-Catch devices. Although earlier versions of the
Collarum neck snare appeared to have less efficacy (CR=0.41) (Shivik et al. 2000), later
versions may have improved this (CR=0.87) (Shivik et al. 2005). It is notable that earlier
studies using the first generations of Victor Soft-Catch #3 traps reported reduced CR (eg. CR
= 0.32, 0.66, 0.49, 0.95), yet all studies conducted after 1996 with coyotes indicate improved
results (CR = 0.82, 0.97, 0.95, 0.95, 0.91, 1.0). This suggests superior performance to past
versions and comparable performance to unpadded leg-hold devices of the same size. It is
unlikely that few (if any) of the Australian Victor Soft-Catch #3 trap data used in the study by
Fleming et al. (1998) related to fourth generation traps, since this study collated data from the
late 1980’s to early 1990s that was in part reported by Stevens and Brown (1987), and predated these trap modifications (Table 12).
Linhart and Dasch (1992) indicated that coyote capture rates for modified (‘fourth
generation’) Soft-Catch traps were comparable with the unpadded leg-hold trap models which
are favoured by trappers (CR = 0.79). In one study much lower CR has been reported for
Victor Soft-Catch traps during wet conditions (Kern 1994, in Andelt et al. 1999) and when
light soils are used for trap placement for coyotes (CR = 0.32) and bobcats (CR = 0.66) (Holt
and Connor 1992, in Houben et al. 1993) while the Victor # 1.75 q-coiled off-set jawed trap
had a superior CR for coyotes (CR = 0.92) and bobcats (CR = 1.0). However, under a range
of operational conditions there was no indication of reduced performance from the Victor
Soft-Catch trap in operational studies when trappers closely followed setting instructions
(Phillips et al. 1996c). The fourth generation of the #3 Victor Soft-Catch that was reengineered to have a faster closure was found to be equal in its performance to unpadded
traps (Skinner and Todd 1990, Linhart and Dasch 1992, Phillips et al. 1992). When
compared to the #4 Newhouse (CR = 1) Victor NM long-spring trap (CR = 1), the high
capture rate (CR = 0.95) was similarly attributed to users closely following the
manufacturer’s setting instructions (Phillips et al. 1992). Coyotes were taken more effectively
with M-44 cyanide ejectors than with the Oneida-Victor No 3 and No 4 traps in a trial of
various control devices in Texas (Beasom 1974), although other studies found a similar level
of success (Windberg et al. 1990).
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Table 12. Trap type and target species and capture rate (CR) measured as the number of
animals captured / potential captures for target species in each region.
TRAP AND SNARE TYPE
Belisle foot snare
Belisle foot snare
Collarum neck snare
Collarum neck snare
EZ Grip #3 padded
Heimbrock Special
Newhouse #4
Newhouse #4
Newhouse #4
Newhouse #4 pan tension
Northwoods #3 laminated
Lane’s padded
Panda foot snare
Lane’s toothed
Sterling MJ 600
Sterling MJ 600
Sterling MJ 600
Treadle-snare
Victor #1.75 coiled off-set jaw
Victor #1.75 coiled off-set jaw
Victor #3 coil spring
Victor #3 NM long-spring
Victor #3 NM long-spring
Victor #3 NM long-spring
Victor #3 NM long-spring
Victor #3 NM long-spring pan tension
Victor #3 NR and OS offset
Victor #3 NR padded
Victor 3NM long-spring off-set jaws
Victor Soft-Catch #3
Victor Soft-Catch #3
Victor Soft-Catch #3
Victor Soft-Catch #3
Victor Soft-Catch #3
Victor Soft-Catch #3
Victor Soft-Catch #3
Victor Soft-Catch #3
Victor Soft-Catch #3
Victor Soft-Catch #3
Victor Soft-Catch #3 modified
Victor Soft-Catch #3 pan tension
WS-T snare
WS-T snare

SPECIES
Coyote
Coyote
Coyote
Coyote
Coyote
Coyote
Coyotes
Coyote
Coyote
Coyote
Coyote
Dogs and foxes
Coyote
Dogs and foxes
Coyote
Coyote
Coyote
Dogs and foxes
Coyotes
Bobcats
Coyote
Coyotes
Coyote
Coyote
Coyote
Coyote
Coyote
Coyote
Coyote
Dogs and foxes
Coyotes
Bobcats
Coyotes
Coyote
Coyote
Coyote
Coyote
Coyote
Coyote
Coyote
Coyote
Coyote
Coyote

CR
0.78
0.64
0.87
0.41
0.88
0.94
1
0.89
0.83
0.87
0.95
0.83
0.083
0.54
1
1
0.94
0.46
0.92
1
0.91
1
0.95
0.91
0.95
0.91
0.73
0.51
0.83
0.75
0.32
0.66
0.95
1
0.95
0.91
0.95
0.49
0.79
0.97
0.818
0.66
0.88

REGION
rural USA
rural USA
rural USA
rural USA
rural USA
rural USA
rural USA
rural USA
rural USA
rural USA
rural USA
rural Australian
rural USA
rural Australian
rural USA
rural USA
rural USA
rural Australian
rural USA
rural USA
rural USA
rural USA
rural USA
rural USA
rural USA
rural USA
rural USA
rural USA
rural USA
rural Australian
rural USA
rural USA
rural USA
rural USA
rural USA
rural USA
rural USA
rural USA
rural USA
rural USA
rural USA
rural USA
rural USA

AUTHORITY
Shivik et al. 2000
Andelt et al. 1999
Shivik et al. 2005
Shivik et al. 2000
Andelt et al. 1999
Andelt et al. 1999
Phillips et al. 1992
Phillips et al. 1996c
Phillips et al. 1996c
Phillips et al. 1996a
Andelt et al. 1999
Fleming et al. 1998
Shivik et al. 2000
Fleming et al. 1998
Phillips et al. 1996c
Phillips et al. 1996c
Andelt et al. 1999
Fleming et al. 1998
Houben et al. 1993
Houben et al. 1993
Linhart et al. 1992
Phillips et al. 1992
Phillips et al. 1996c
Phillips et al. 1996c
Andelt et al. 1999
Phillips et al. 1996a
Linhart et al. 1986
Linhart et al. 1986
Linhart et al. 1992
Fleming et al. 1998
Houben et al. 1993
Houben et al. 1993
Phillips et al. 1992
Shivik et al. 2005
Phillips et al. 1996c
Phillips et al. 1996c
Andelt et al. 1999
Linhart et al. 1986
Linhart et al. 1992
Andelt et al. 1999
Phillips et al. 1996a
Shivik et al. 2000
Shivik et al. 2005
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7.3 Comparative capture efficacy
Capture efficiency (CE) is usually defined as the number of target captures per trap set
standardised as captures per 100 or 1000 trap-nights (Boggess 1990). The CE measure is
affected by the expertise of the trapper, population density of the target and non-target
animals, previous exposure of the targeted population to trapping, the sex and age structure of
the targeted population, seasonal and site characteristics, baits and lures used and the prebaiting period (Novak 1987). Given the difficulty in controlling for these variables, CE is a
highly biased measure and comparative assessments between sites using different techniques
should be done cautiously (Fleming et al. 1998). Minor variations in trap setting practices
may have major implications for CE. For example, coyotes were found to be more
susceptible to capture outside or on the edge of their normal range, if they were between 1-2
years old and when olfactory attractants were used to enhance trapping success (Windberg et
al. 1990). McIlroy et al. (1986) used modified Oneida leg-hold traps to capture wild dogs in
south-eastern Australia and the CE obtained (CE = 1.56) was similar to that obtained for
toothed Lane’s traps and treadle-snares but smaller than CEs obtained for padded Lane’s and
Soft-Catch traps (Fleming et al. 1998). Data from Newsome et al. (1983) revealed a CE =
0.58 and 1.72 for toothed Lane’s and Oneida traps respectively. Although highly biased, these
data imply that padding modifications and use of smaller traps did not reduce capture of
dingoes and foxes under Australian conditions.

7.4 Practicality
Meek et al. (1995) reports that the treadle-snare was effective for capturing foxes under ideal
conditions but was bulky, prone to malfunctions and difficult to transport. The Freemont footsnare also requires more time to set and more regular maintenance than leg-hold traps, and a
new snare noose is required after each capture (Mowat et al. 1994), as is the case with the
treadle-snare (Meek et al. 1995). Treadle-snares were used to capture 40 individual foxes in
Kosciusko National Park and of 136 snares that were sprung, 71 foxes were captured overall
(ie. some more than once). Approximately 50% of sprung snares were thought to be related
to missed foxes and associated with the difficulty in reliably setting treadle-snares (Bubela et
al. 1998). Treadle-snares were used to capture feral cats but in comparison to Victor SoftCatch traps they were considered expensive, bulky to transport and difficult and time
consuming to set (Short et al. 2002).

7.5 Discussion and Conclusions
Padding of trap jaws has been attempted with cloth, plastic or rubber tubing in a number of
Australian studies, however no comprehensive assessment of the welfare benefits from this
approach can be found. Such modifications probably result in less injury than produced by
unmodified devices, yet are unlikely to produce outcomes comparable to commercially
available devices that have undergone progressive testing and modification. Devices that
have been altered without regard for a stated specification or standard do not permit
comparative welfare benefits to be known. A large range of modifications have been made to
existing leg-hold trap devices in an attempt to meet injury threshold limits in North America.
There is no compelling evidence to suggest that trap lamination delivers welfare outcomes
superior or comparable to those associated with commercially available padded leg-hold
traps. Increasing the spring energies and closing velocity of padded traps reduces the number
of captures at the extreme ends of the paw that are often implicated in higher rates of injury.
As this modification also increases the impact force of the jaws upon capture, the use of
materials such as rubberised padding may be necessary to dissipate forces that could
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otherwise produce acute trauma upon trap closure. There is some data that suggests that this
may enhance ischemia, however there is no clear indication as yet that this is significantly
greater than for other devices that have similar closing and clamping forces. It is difficult to
compare the potential for different traps to cause ischemic injury without reference to their
relative closure speeds, clamping forces and jaw characteristics, and the outcomes that these
imply. As prolonged ischemia may produce necrotic injury only after many days, the most
significant potential welfare impact could be for non-target animals that are released from
traps.
The Victor Soft-Catch #3 trap has been extensively field tested in North America and has
received some assessment in Australia. The device has undergone at least four ‘generations’
of modification and while earlier versions of the trap were found to be less efficient and
reliable than unpadded traps, current versions appear to be at least equivalent in performance.
Studies in New Zealand have shown that smaller versions of the Victor Soft-Catch trap
produce comparatively better welfare outcomes for brushtail possums which are an important
non-target species in south-eastern Australia. The Victor Soft-Catch devices (and possibly
the EZ Grip traps that are the subject of much fewer published studies) probably differ from
other leg-hold traps in that they are new designs conceived for reducing trap trauma, rather
than developed through adaptation of existing devices.
It has been noted that in general, leg-hold snares appear to produce far less trauma than a
wide range of leg-hold traps (Iossa et al. 2007). The treadle-snare produced comparable
injury scores to the Victor Soft-Catch trap (Meek et al. 1995, Fleming et al. 1998).
Biochemical indicators of stress in red foxes captured by treadle-snares suggest higher levels
of muscle damage, activity and dehydration (Marks, in review, Appendix 1). Given relatively
low levels of impairment in locomotion using snares, a greater degree of activity may be
possible, allowing greater acceleration and momentum and this could be implicated in trauma
and stress (see Chapter 8.3). It is likely that the greater skill and familiarity required to use the
treadle-snare effectively will result in outcomes that are less predictable than those from a
simpler leg-hold trap mechanism.
The period of time that the animal spends in the trap is related to the injury and stress it
sustains but the majority of studies fail to account for capture duration. Disregarding the
influence of capture duration during trap studies often implies that a trap is expected to
produce similar injury scores irrespective of the period of captivity. However, greater periods
spent resisting the traps are known to contribute to overall trauma and are strongly linked to
welfare outcomes. Stress such as anxiety, fear and a range of other pathologies cannot be
measured by injury scores alone (see Chapter 5) and quantification of observed trauma as the
primary welfare indicator has not fostered wider consideration of overall stress and welfare
impacts. For example, tooth injury that exposes the pulp cavity has the capacity to inflict
severe pain and debilitation in carnivores (see Chapter 6.2.1) and probably occurs relatively
soon after capture. Rapid euthanasia of an animal that has suffered painful injury will deliver
the best welfare outcome as this reduces the time period it remains in the trap and the
potential suffering.
Trappers may be reluctant to adopt new trap designs that reduce injury unless they can be
shown to have comparable efficacy to those in present use (Warburton 1982, Novak 1987).
Although padded traps have been shown to be efficacious and humane relative to commonly
used devices in North America, voluntary use of padded traps was reported to be low and the
standard trap in use (in 1997) was the unpadded #3 coil spring trap (Hubert et al. 1997).
Despite being available in the United States since 1984, padded traps in 1992 comprised only
3% of leg-hold traps owned by trappers (in Aldelt et al. 1999). Scepticism about research
results and the increased cost of trap replacement (Phillips 1996), together with reports of
lower capture efficacies associated with earlier models (Linscombe et al. 1988, Andelt et al.
1999) may account for poor adoption of padded traps in North America (Phillips 1996).
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There is sufficient evidence to conclude the fourth generation Victor Soft-Catch traps (and
possibly other devices such as the EZ Grip trap) have equivalent performance for the capture
of canids with better welfare outcomes than unpadded traps.

74

PTY LTD

Nocturnal
WILDLIFE RESEARCH

8.0 METHODS TO IMPROVE WELFARE OUTCOMES
A range of modifications has been made to trapping devices and field practices to promote
better welfare outcomes and target-specificity and these are summarised in Table 13. Major
categories of modifications are discussed in this chapter with reference to the potential scope
for improving the welfare outcomes of leg-hold trapping in Victoria.

8.1 Assessing trap performance
Evaluation of trap performance and routine testing of traps will reduce the likelihood of trap
failure and poor welfare outcomes (Iossa et al. 2007). Closure speeds of traps will affect
capture rates as some species are capable of recoiling rapidly (Johnson et al. 1986). The
accumulation of surface soil and rust during the life of a trap increases the amount of friction
that its springs need to overcome when triggered and indicates poor trap maintenance7. The
mean trap closure speed of Victor #3 double coil and 3N long-spring traps was measured at
between 18.59-18.52 mS (Johnston et al. 1986) and mechanical testing revealed that some
Victor Soft-Catch #3 traps had insufficient clamping force to be effective (Earle et al. 2003).
Replacement of springs in Victor Soft-Catch #3 traps or the use of additional springs was
found to be necessary maintenance for traps used for dingo control (Lee Allen, personal
communications). Excessive trap closure times increased trap injury scores and was
associated with a greater number of bobcats being held by their toes rather than higher on
their paw (Earle et al. 2003). Given the variability in testing conditions encountered in the
field, standardisation of mechanical trap testing is required (Linhart et al. 1986).

Figure 10. Injury resulting from restraint by the digital pads from a padded steel-jawed
(Lane’s) trap set in eastern Victoria in 2006. Trap closure speed will influence the position on
the limb that animals will be held and slower closing devices are typically associated with
capture by the digits and higher injury scores.
The performance of kill traps can be assessed in order to ensure their ability to cause rapid
death for target species and the impact energy, trap closing time and clamping force are
commonly assessed (Gilbert 1976, Zelin et al. 1983, Johnston et al. 1986). The development
of performance criteria for kill traps for racoons, mink, muskrats, beaver (Gilbert 1976) and
brushtail possums (Warburton et al. 1995, Warburton et al. 2000) enabled the development of
traps that would produce rapid unconsciousness and death. The use of anaesthetised animals
has been a standard practice in conducting these trials, yet it is probable that in some species
7

Standard operating procedures used for trap maintenance should include regular cleaning, boiling in dye and
waxing before being reset in a new location. This procedure replaces human and/or canid odours with neutral
odours and lubricates and protects traps from corrosion (Lee Allen, personal communication).
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these data may not reflect realistic times for loss of sensibility (Hiltz et al. 2001). Assessment
of trap performance in an artificial setting cannot fully mimic the conditions and animal
behaviours encountered in field situations. Kreeger et al. (1990) found that haematological,
endocrine and biochemical indicators in wild caught red foxes varied significantly from those
habituated and used in captive trials.

8.2 Trap inspection times
Increased periods of confinement in leg-hold traps are associated with correspondingly larger
exertion, struggling and injury (Powell et al. 2003). Daily inspection of traps set for exotic
brushtail possums in New Zealand is mandatory (Warburton 1992, Morris et al. 2003) under
the Animal Welfare Act (NZ). In Sweden, trap inspection times must not be less than twice per
day and this may account for the relatively low injury scores for foxes trapped in leg-hold traps
and snares in the trial reported by Englund (1982). In the United States (in 1995), 33 states
required that traps must be inspected every 24 hours. Early morning trap checking reduces the
level of injury sustained by many trapped animals (Novak 1987, Proulx et al. 1994b, Andelt et
al. 1999). Some researchers inspect traps twice each day in times of excessive heat (Logan et
al. 1999) or early the following morning (Powell 2005). Trapping of species with high
conservation value will often result in more attentive trap inspections such as the setting of
traps at dusk and inspection and clearance at dawn (McCue et al. 1987).
During the harvesting of Arctic foxes using # 1½ steel-jawed traps, daily inspection was
associated with 2/97 (2%) trap deaths compared with 14/58 (24%) deaths where foxes had
been held longer (Proulx et al. 1994b). In most studies, the period that animals have been
held in the trap is almost always imprecise and based upon periods between inspections.
Some Australian studies are notable in that they report inspections periods of 48 hours
(Stevens et al. 1987), irregular inspection periods (Fleming et al. 1998) or fail to report
inspection periods (Thomson 1992) (Appendix 3). McIlroy (1986) noted that trapping
practice for dingoes in south-eastern NSW could be inhumane if traps are not visited each
day.
Increasing the frequency of trap inspections and human presence at the trap site is thought to
reduce trapping success for wild dogs and is one reason why frequent trap inspection periods
are avoided by some trappers (Lee Allen, personal communication). There are no published
studies that indicate the degree to which increased frequency of inspection affects trapping
success. It should be noted that if traps are inspected at dawn and then at dusk the following
day (ie. daily), inspection times may allow some 36 hours to elapse (Fox et al. 2004, Iossa et
al. 2007). Daily (ie. once each 24 hour period) inspection appears to be a minimum accepted
world-wide standard to reduce trapping injury and more frequent inspection regimes would
produce correspondingly greater welfare benefits.

8.3 Trap anchoring
Leg-hold traps and snares can be attached to fixed anchor points or a ‘drag’ such as movable
objects or a grappling hook. The primary welfare advantage of drags is that an animal can seek
cover and there is less resistance when pulling at the cable (Kirkwood 2005). This may be
important when traps are set in exposed locations that offer no shelter from the sun, especially
in arid environments (Lee Allen, personal communication). However, drags allow some
animals to move to areas where they cannot be found. Englund (1982) reported that 13% of
foxes held in leg-hold snares moved the drag more than 500 m from point of capture. Some
authors consider that the ability of animals to be tangled in snares and trap cables is
exacerbated using drags and is responsible for major injury such as fractures and dislocations
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(Linhart et al. 1988, Logan et al. 1999, Powell 2005). It is likely that the attachment type most
suited to a particular application will be dependent upon the habitat in which it is used and
behaviour of the particular target and non-target animals. In some environments that do not
have a suitable substrate to permit anchoring of trap stakes (such as loose sandy soils), a drag
may offer the best welfare outcome if it is less likely that an animal will escape with a trap
attached to its leg (Lee Allen, personal communication).
Body weight range may be an important influence on the trauma experienced from trapping
(Seddon et al. 1999, Iossa et al. 2007). Many predators have evolved an ability to accelerate
from a standing position at greater rates than prey species, so that a short and efficient chase
allows them to capture prey without reaching top speed (McNeil Alexander 2006). In general,
the smaller an animal’s mass the shorter the distance it will need to accelerate to its maximum
speed. Over short distances, some species can accelerate by leaping, using the leveraging of
muscle forces and the storage of elastic energy in tendons to produce significant momentum
over a very short distance that is then resisted by the anchoring chain. The forces (F) measured
in Newtons produced by an animal can be approximated from its mass (m) and acceleration (a):
F = ma
The momentum (p) is given by the relationship between mass and velocity (v), where
acceleration is velocity / time:
p = mv
Macropodids such as the eastern grey kangaroo accelerate to 67 m s-1 and potoroos to 100 m s-1
before the ‘take off’ speed necessary to leave the ground is reached (Nowak 1991), yet a
species of intermediate mass such as the racing greyhound reaches maximal horizontal
acceleration of 15 m s-1 and can do so in the first two strides (Williams et al. 2007). If tethers
that bring them to a sudden stop close to maximum acceleration and take off speed restrain
animals, these forces will be transferred to them as the tether resists their forward momentum.
These forces will be largely dissipated by mechanical stress upon their body and will be
responsible for much of the trauma inflicted by leg-hold traps. Animals of significant mass
that have relatively greater potential for rapid acceleration (such as macropods), will absorb
greater forces by virtue of their ability to attain greater momentum. Animals cannot accelerate
towards a maximum speed instantaneously and the degree to which they are able to accelerate
will depend upon how impaired they are by the attachment of the capture device and the length
of the tether that allows them to accelerate towards a maximum speed.
There appear to be four main approaches for minimising forces of momentum and injury;
1. Reduce the restraining cable to the shortest length possible so that the potential for
acceleration is minimised;
2. Use a trap device that impedes the animal’s normal locomotion so that acceleration is
reduced by disrupting normal gait;
3. Attach the trap tether to a drag that allows part of the force developed by momentum to
be dissipated by its resistance and elasticity;
4. Use in–line springs in the restraining cable to absorb the kinetic energy that would
otherwise be transferred to the animal.
It is possible that the treadle-snare does not restrict locomotion of some species as significantly
as the Victor Soft-Catch leg-hold trap as the snare cable allows the foot or paw of the trapped
animal to remain in contact with the ground and allows relatively normal locomotion.
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Therefore, the treadle-snare permits far greater potential for an animal to accelerate and
produce forward momentum, especially if the restraining cable is long (Marks, in review,
Appendix 1).
Drags and in-line springs may permit the dissipation of kinetic energy and reduce the potential
for injury, but they do so at a net energy cost to the animal, as work must be done to move the
drag or resist the springs. Drags produce an inconsistent and unpredictable amount of
resistance dependent upon their weight and the friction that they offer in the different
environments in which they are used. Better welfare outcomes may be obtained if energy
expenditure is minimised and there is less potential for an animal to become exhausted,
hyperthermic, dehydrated or food stressed. Indications of muscle damage and dehydration in
foxes and bears restrained by leg-hold snares suggest high levels of activity with consequent
higher energy expenditure (Cattet et al. 2003; Powell 2005; Marks, in review, Appendix 1).
Anchoring a trap with a short restraining chain has been described as a way to reduce energy
expenditure, injury and dehydration in other studies (Table 13).
The specification of in-line springs in trap chains should be adequate to ensure that the large
forces of momentum produced by macropods are based upon a realistic calculations of forces
produced, given the length of the chain, potential acceleration and upper body mass. Adoption
of in-line spring specifications that have been developed in North America are unlikely to have
catered for species such as macropods that are capable of developing larger amounts of
momentum over shorter distances. Macropodids are a very common non-target species in
south-eastern Australia (Chapter 4: Table 2) and this warrants specific research to develop
appropriate specifications for in-line springs.
Centre-anchored chains that attach to the base of traps permit swivels to operate more
effectively than chains attached to the side of the trap and probably contribute to better
welfare outcomes by reducing torsional resistance (Linhart et al. 1988, Hubert et al. 1997,
Lee Allen, personal communication). Such modifications should probably be made
mandatory for all leg-hold trap devices.

8.4 Deactivation of traps
Using video systems to monitor coyote traps in the USA, a temporal partitioning of target and
non-target species activity was observed. Between 0600 hrs and 1800 hrs over 81% of
potential non-target species were observed, corresponding to when no coyotes were recorded.
The authors conclude that diurnally inactivated trap systems could exclude the majority of nontarget species without affecting trap efficacy (Shivik et al. 2002) although a suitable
inactivating mechanism to perform this was not specified. A temporal bias towards captures of
dingoes was detected in one study that used a capture data logger on traps (Figure 11) (Marks
et al. 2004). Other authors have suggested that desisting from trapping or deactivation of traps
during temperature extremes could assist in reducing trap deaths (Logan et al. 1999, Pruss et
al. 2002). Most of the non-target mammals identified (Chapter 4.2) in south-eastern Australia
are nocturnal as appears to be the case with target canids in many regions, yet bird species such
as emus, corvids and lyrebirds are strongly diurnal (Schodde et al. 1990) as are goannas
(Cogger 2000) and their capture may be reduced by diurnal deactivation of traps. Frequent trap
inspection periods are avoided by some trappers given the belief that this will affect trap
success (Lee Allen, personal communication). The degree to which site disturbance from
manual deactivation of traps may affect trapping success has not been the subject of any
published studies.
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Figure 11. Time of capture (hours EST) for dingoes (n=48) trapped with Victor Soft-Catch #3
traps at Bulloo Downs (Queensland) during the study conducted by Marks et al. 2004.

8.5 Trap noise
There have been no published studies that address the significance of trap noise after capture
on welfare outcomes, despite acoustic stressors being well known to produce stress in a range
of situations (Chapter 6.1.7). Acoustic stressors produced by treadle-snares relative to Victor
Soft-Catch traps may be one reason to account for elevated haematological and biochemical
indicators of stress in red foxes captured by the former (Marks, in review, Appendix 1).

8.6 Trap size and weight
Padded Lane’s traps were significantly less selective than Victor Soft-Catch traps and another
three devices assessed by Fleming et al. (1998). Newsome et al. (1983) caught
proportionately more large native animals in toothed Lane’s traps than in smaller Oneida
traps8. Lane’s traps are 1.6 x greater in area when set than Oneida traps, with 383 cm2 and 240
cm2 capture areas respectively (Newsome et al. 1983). Differences in capture rates could be
accounted for by better selectivity given the relative sizes and shape of macropod feet and the
size of the spread of the jaws. The weight of traps may also influence welfare outcomes; the
increased weight of the EZ Grip padded trap compared to the Victor Soft-Catch #3 was
suggested to be a possible reason for an observed increase in bone fractures (Phillips 1996).
Selection of a lightweight trap system may make a significant contribution towards reducing
injury, but this has not been investigated in any detail and warrants further research. Padding,
lamination or other modifications made to large steel-jawed traps may have limited value if
the trap weight and jaw spread is implicated in bone fractures (Figure 12).

8

In this study, each device was used by a different group of trappers and the different field methods used to set
these traps could have introduced an unknown bias.
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Figure 12. Older styled (modified) long-spring leg-hold traps are substantially heavier and
have a larger ‘jaw spread’ than many contemporary (coil spring) leg-hold trap devices. Their
weight and tendency to catch animals higher on the leg appears implicated in increased
fractures and amputations.

8.7 Pan tension
Turkowski et al. (1984) found that increasing the pan tension to prevent smaller animals
springing the trap could enhance the selectivity of coyote traps. The US Department of
Agriculture (Animal Damage Control) mandated the use of pan tension devices on all their
leg-hold traps (Phillips et al. 1996a). Animals of comparable weight to target coyotes such as
bobcats, porcupines (Erethizon dorsatum) and racoons are not generally excluded by pan
tension devices. Overall, leaf spring tension devices were able to exclude 100% of smaller
non-target species (by increasing pan tension to approximately 1.4 – 1.8 kg for coyotes),
compared to only 6% exclusion by a standard trap set. This was found to reduce the potential
capture rate of coyotes only marginally (CR = 0.92 v CR = 0.98) when compared to a
standard trap device (Turkowski et al. 1984). The Paws-I-Trip® pan tension device (and other
devices such as the ‘Stirling Pan System’) can be fitted to a range of traps and adjusted to
provide a variable pan tension. Non-target exclusion rates for Victor Soft-Catch #3, Victor
3NM and Newhouse #4 traps were 99.1%, 98.1% and 91% and while exclusion was lower for
heavier non-target species, rabbits and hares were excluded on 98.6% of occasions (Phillips
1996). Incorrectly set tensioning devices may exclude the capture of some coyotes, but given
that non-target animals were captured far less often, the overall trapping efficacy was
increased because more traps were unoccupied and required reduced effort to reset and
release non-target species (Turkowski et al. 1984). Assessment of the Paws-I-Trip pan
tension device suggested that its use on three types of traps did not adversely affect the
performance of the traps (Phillips 1996).
Body weight differentials between species may be some guide to the potential success of pan
tensioning systems, but should be used with caution in predicting selectivity. Other factors
such as locomotor patterns (eg. quadrupedal or bipedal locomotion) and weight distribution
vary between species (Turkowski et al. 1984). However, based upon the upper weight range
of non-target species alone (Chapter 4.2: Table 2) it is possible that non-target species such as
wallabies, kangaroos, wombats and goannas may overlap in weight with wild dogs and fail to
be excluded by pan tensioning.
Pan tensioning is one of the most well proven, practical and inexpensive ways to increase
target-specificity and promote better welfare outcomes of trapping. It will be most effective if
applied to standard trap types and trap setting procedures and if based upon empirical studies
that seek to understand the most appropriate trigger forces that allow reliable capture of target
species and exclusion of non-targets. Temperature variation and wear from constant usage can
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influence the reliability of a trap trigger mechanism (Drickamer et al. 1993). Regular
assessment of the performance of pan tensioning devices should be undertaken in the normal
maintenance of overall trap performance.

8.8 Tranquilliser Trap Device (TTD)
The tranquilliser trap device was developed to eliminate or reduce injuries sustained by coyotes
in steel-jawed traps that were the result of the animal’s struggle to escape the trap (Balser
1965). Delivery of diazepam (Balser 1965) and propiopromazine (PPZH) (Linhart et al. 1981)
by TTDs reduced the extent of foot injuries received by coyotes captured in leg-hold traps.
Additional trials have shown that PPZH delivered by TTDs reduced the severity of limb
injuries sustained by grey wolves (Canis lupus) (Sahr et al. 2000) and tabs used on neck snares
containing diazepam reduced the degree of facial injuries and oral laceration associated with
coyote captures with neck snares (Pruss et al. 2002). Appropriately selected drugs may have
the potential to depress the activity of captive animals and reduce tooth damage and limb
trauma that is a consequence of repeated pulling and biting at traps. Dingoes caught in traps
fitted with a TTD containing diazepam were found to have sustained tooth damage that was not
significantly different from the placebo group. Neither the duration of capture nor mean
activity was related to the tooth damage sustained by each dingo. Drug TTDs reduced limb
damage and produced a lower injury score overall, but this was not statistically significant
when compared to the placebo group (Marks et al. 2004). These data suggested that much of
the tooth damage and limb injury sustained by trapped dingoes may occur quickly after capture
when activity levels (in the placebo group) are up to four times greater than in subsequent
hours. From the time of capture, drug onset is unlikely to be rapid enough to prevent tooth
damage unless it can be greatly accelerated (Marks et al. 2004).
Drugs that reduce anxiety may mitigate distress associated with capture and drug choice will
be important to ensure a beneficial reduction in anxiety and fear. It is thought that all
vertebrate species possess specific receptor sites for benzodiazepine drugs, which influence
states of anxiety (Rowan 1988). For diazepam, receptor affinity correlates well with
behavioural potency and includes anxiolytic, sedative-hypnotic, muscle relaxant and anticonvulsant effects (Feldman et al. 1996). Moe and Bakken (1998) used an intramuscular
dose of 5 mg kg-1 of diazepam, which resulted in mild sedation and did not appear to affect
co-ordination but successfully reduced stress-induced hyperthermia in foxes. An oral dose of
10 mg kg-1 apparently produced heavier sedation, accompanied by an obvious loss in coordination (Marks et al. 2000, Marks et al. 2004). It is reasonable to assume that diazepam
used in prior TTD studies (Balser 1965, Pruss et al. 2002, Marks et al. 2004) provided
anxiolysis without any observed mortality from drug toxicity. Phenothiazine tranquillisers (ie
PPZH) block dopamine receptors, have anticholinergic, antihistamine, antispasmodic and αadrenergic blocking effects and are widely used as sedatives (Plumb 1999). Some of the
drugs in this group may be a poor choice for managing fear and phobia related behaviours and
may produce sedation without or with limited anxiolysis. Acepromazine (a phenothiazine
drug similar to PPZH) failed to reduce indicators of stress in dogs during air transport and this
suggests that dogs were able to perceive stressors despite a reduction in behavioural
indicators, misinterpreted as reduced fear and anxiety (Bergeron et al. 2002). While
drowsiness, ataxia, reduced activity and less injury have been observed in trapped animals
dosed with a TTD containing PPZH, it is possible that the drug does not reduce the
experience of fear and anxiety, despite sedation. However, in other studies acepromazine has
been shown to reduce indicators of stress associated with the capture of chamois (Rupicapra
pyrenaica) (Lopez-Olvera et al. 2007). It appears that one of the major criteria for the
selection of PPZH over diazepam as an active TTD drug was that it is not a controlled
substance in the USA, unlike diazepam (Zemlicka et al. 1991).
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The use of the TTD may have significant advantages for increasing the efficacy of trapping.
Coyotes that had been captured by the toes were recovered on traps that had TTDs fitted,
while it was thought that they would have escaped capture without it. Other advantages
included the ability to release domestic or ‘recalcitrant’ dogs that have been captured,
although tame dogs were not found to be as inclined to take TTDs as wild dogs (Balser 1965).

8.9 Lethal Trap Device (LTD)
Drugs used in the TTD may not have rapid enough onset to prevent some significant injury
(Chapter 8.8) within the first hour and the drug may abate after 24 hours or in response to poor
dosage. As captured dogs will ultimately be killed in most cases in south-eastern Australia,
better welfare outcomes may be produced if this happens quickly after capture. Strychnineimpregnated cloth attached to jaw-traps has been used to achieve this in NSW, WA and QLD.
Although potentially rapid, strychnine is inhumane and has become less favoured for this
purpose (Fleming et al. 2001), partly because ingestion of sub-optimal quantities of strychnine
cause an extremely painful toxicosis that may not be lethal for many hours. An alternative
lethal trap device (LTD) formulation was proposed that causes the rapid death of trapped dogs
and foxes (Nocturnal Wildlife Research Pty Ltd). Essentially it is the same device as a TTD,
but with a rapid acting poison replacing the use of a tranquilliser drug.

8.10 Trap signalling devices
Reducing the time period that target or non-target animals remain trapped in a leg-hold trap
will influence the degree of physical trauma and stress associated with trapping. Properly
padded leg-hold traps seldom cause visible physical injury upon activation, but trauma is
progressively accumulated over the period of captivity as the animal resists the trap (Proulx et
al. 1993). Daily or even twice daily monitoring of traps is a standard practice for wildlife
research and pest control work (Andelt et al. 1999, Larkin et al. 2003). Frequent trap
inspection and human presence may reduce trapping success (Lee Allen, personal
communication) and some trap signalling devices were constructed to reduce the necessity to
closely approach and visually inspect trap sets for wild dogs (Marks 1996). To facilitate the
rapid recovery of trapped animals, a range of radio-signalling devices have been developed to
use in conjunction with traps (Nolan et al. 1984, Kaczensky 2002, Marks 1996, Larkin et al.
2003) and at least one purpose built device is commercially available
(www.britishmoorlands.com), as are simple systems that are modified radio tracking
transmitters used for wildlife studies (eg. www.avminstrument.com/transmit.html).
Trap signalling devices may theoretically assist rapid trap attendance, reduction in the overall
time an animal is held and the period between capture and euthanasia or release. However as
the majority of activity after capture appears to occur in the first few hours after capture in the
dingo (Marks et al. 2004) and red fox (Kreeger et al. 1990, White et al. 1991), physical
trauma such as tooth damage is probably acquired within the first hour of capture (Marks et
al. 2004). The onset of capture myopathy in susceptible species is equally rapid (Chapter
6.2.3) and it is unlikely that signalling devices would promote a rapid enough response to
reduce either of these major welfare impacts.
In east-central Illinois, radio monitoring systems allowed recovery of trapped animals in a
mean of 18.3 minutes, opposed to mean capture times of 8.8 hours from trap inspections each
12 hours (Larkin et al. 2003). This was achieved by using constant operator vigilance of a
cluster of traps deployed in a discrete area for diurnally active species. The largely nocturnal
activity associated with foxes and some dingoes as well as the majority of the common nontarget species (Chapter 4: Table 2) indicates that the majority of captures will occur during the
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evening. Monitoring of dingo captures using padded Victor Soft-Catch traps showed that
there were clear nocturnal peaks in trapping success that were probably associated with dingo
activity rhythms (Figure 11). Accordingly, if trap monitoring and attendance does not occur
during evening hours, it is probable that a trap signalling device will have significantly less
impact upon the time the animal spends in the trap and consequent welfare benefits.

8.11 Lures, odours and attractants
The detection and acquisition of prey in canids relies primarily upon visual (Mason et al.
1999), auditory (Gese et al. 1996) and chemical/olfactory (Bullard et al. 1978a) cues. Colour
cues appear to be important in promoting the detection of lures, probably by allowing for
more contrast against a particular background (ie. dark soils or snow) (Mason et al. 1999).
Chemical/olfactory lures have been important components of trapping that increase the
efficacy and capture rates of traps for coyotes. Most have been developed from blends of
biological tissues and fluids (Turkowski et al. 1983) that are not easily replicated and this
makes quality control difficult. It had been noted that volatile compounds of fox urine were
powerful herbivore repellents and experiments sought to produce synthetic fermented egg
compounds as carnivore attractants (Bullard et al. 1978a, Bullard et al. 1978b). These and
other egg products were shown to be effective as repellents of rabbits, swamp wallabies
(Marks et al. 1995) and brushtail possums (Woolhouse et al. 1995). Assessment of synthetic
coyote attractants have shown an ability to influence the release of specific behaviours
(Kimball et al. 2000). Wolf and dog faeces have a repellent effect upon sheep and the
identification of the active components has been attempted in order to develop repellents for
ungulates (Arnould et al. 1998). A generalised avoidance of predator faeces by prey species
was suggested as a common adaptation for potential prey species (Dickman et al. 1984).
Appropriate trap selection and canid-specific lures were believed to be responsible for the
high degree of target selectivity in coyote control programs in Texas (Shivik et al. 2002). The
concentration and amount of the lure used on traps may have important implications for the
repellence of macropods and attraction of canids in Australia (Lee Allen, personal
communication).
Predator odours have not always been shown to exclude herbivores; there was no apparent
avoidance of fox scented traps by bush rats (Rattus fuscipes) and this suggested that naive
prey species may fail to recognise odour cues from some exotic predators, due to the lack of
extended periods of co-evolution and selection of predator avoidance strategies (Banks 1998).
Native rodents avoided quoll faeces on 75% of sampling occasions, and a long coevolutionary history exists between these species (Hayes et al. 2006).
The potential exists for lure and repellent compounds (perhaps from native carnivores) to
increase the target specificity of carnivore trapping, while repelling native herbivores, such as
macropods and wombats from trap sets. Successful repellence of native herbivores could be a
major advance in limiting the capture of non-target herbivores that constitute the most
significant non-target cohort in Victoria. The use of predator attractants has largely been
applied in an ad hoc manner, yet systematic and standardised collection of trapping data in
field assessments could be used to assess a range of available carnivore attractants.
Alternatively, simple experimental procedures could be applied to rapidly assess the efficacy
of herbivore repellents.

8.12 Euthanasia or release?
The most important issues concerning euthanasia relate to the particular species and
circumstances under which euthanasia is appropriate and the manner in which it is undertaken.

83

PTY LTD

Nocturnal
WILDLIFE RESEARCH

Target species will be euthanased as soon as possible upon inspection of traps. Non-target
species should be either released or euthanased depending upon the level of debilitation they
have suffered, as well as a decision based upon the likelihood that non-visible debilitation has
occurred that will produce suffering after release. Macropodids and birds may be highly
susceptible to capture myopathy and in the absence of knowledge concerning the
pathophysiology of the disease in many species, they should be euthanased if it is suspected. It
is unclear how other common non-target species such as wombats and possums are affected by
capture myopathy and if they have the capacity to survive without suffering if released. If
removal and release of some non-target species is envisaged, appropriate training and
equipment should be considered. Necrotic pathology that may arise from periods of ischemia
cannot be easily predicted from gross observation of an animal’s limb (Chapter 6.2.1). While
this is less of a welfare issue if the animal is euthanased immediately, released non-target
animals may become debilitated subsequent to release. Routine use of Heparinoid® cream
prior to the release of radio-collared dingoes appeared to reduce swelling, bruising and
potential necrotic conditions (Byrne and Allen 2008). Post-capture care can include treatment
with antiseptics and long-acting antibiotics (Fuller and Kuehn 1983). Relatively simple postcapture treatments may significantly improve the prognosis of released non-target animals and
it is appropriate that veterinary advice is sought, and where treatments are practical and
beneficial, they are used routinely.
The American Veterinary Medical Association’s panel on euthanasia states that euthanasia
techniques should result in rapid unconsciousness followed by cardiac or respiratory arrest
and the ultimate loss of brain function (Andrews et al. 1993). There is debate concerning
what techniques of euthanasia are acceptable to kill trapped animals. An extreme example of
this issue is the use of trap sets that cause the drowning of animals after capture. They are
considered to be unacceptable because it takes many minutes for some species to be rendered
unconscious and EEG signals may last for up to 8 minutes (Ludders et al. 1999). Some
authors have noted the practical limitations and safety risks of using euthanasia techniques in
the field that might otherwise deliver more ideal welfare outcomes in a clinical setting (Bluett
2001). Many recommendations on methods to kill furbearing animals are made in order to
protect the quality of the fur and drowning, suffocation and clubbing are advocated rather
than more rapid methods that may affect pelt quality. One of the limitations of the ISO
trapping standards is the absence of guidelines for euthanasia (Iossa et al. 2007). In Australia,
one of the suggested practices for the euthanasia of trapped wild dogs and foxes is use of a
rifle shot to the head after approaching the trapped animal in a way that avoids unnecessary
disturbance and stress (Sharp et al. 2005a; 2005b). This may be inadequate and impractical
for the euthanasia of many non-target species and if used in urban and urban-rural fringe
areas. For example, it is very unlikely that a shot to the head can be relied upon to kill birds
(eg. corvids and lyrebirds etc) and smaller mammals, given the extremely small head size.
Rapidly moving macropods, feral cats and foxes will also be difficult to euthanase by a shot
to the head. While in theory distant points of aim using a rifle may reduce handling stress and
attempted flight upon the approach to the trap site, it is unlikely to be practical in delivering
reliable head shots, especially for smaller animals. The specification of firearm loads and
calibres should be selected cautiously. For instance, a small calibre (eg. .22) rifle may not
deliver a reliable and humane death for wombats at an appreciable distance (Marks 1998b).
In dense vegetation and when an animal has concealed itself and the point of aim is unclear,
this may necessitate an awkward and shallow aiming position. The safety of using long-arms
is questionable in this case and handguns or shotguns with appropriate loads may be
preferable and less likely to produce ricochets or explosive returns from rock and soil.
Guidelines should be developed for practical and safe euthanasia techniques that are
appropriate for each species and all commonly encountered field conditions.
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8.13 Trap sets and target-specificity
The manner in which a trap is set is an important influence over target-specificity and
humaneness. Powell and Proulx (2003) propose that important considerations include trap
elements, trap location and whether a bait or trail set is used. Trap elements include pan
tension (Chapter 8.7), ie. setting the pan at an appropriate tension for a particular target
species, with reference to likely non-target species. Setting the trap in inappropriate locations
where entanglement in vegetation may occur can result in injury (Mowat et al. 1994).
Reduction of non-targets can be achieved by careful site selection so that waterholes, gully
crossings, tracks and pads beneath fences frequented by non-target species are avoided (Sharp
et al. 2005a; 2005b). Non-target captures will be dependent upon local knowledge of target
and non-target species behaviour, lures and trap devices used, pan tensioning and field
practices that can reduce non-target captures (Lee Allen, personal communication). Food
baits and lures should be avoided in areas where scavenging non-target animals frequent
(Sharp et al. 2005a; 2005b). Placing a trap in an inappropriate location or the use of animal
carcasses as lures (Corbett 1974, Newsome et al. 1983) is known to be a major factor in
encouraging non-target carnivore captures (Powell et al. 2003).
The behaviour of some non-target species may make them more susceptible to capture. The
common wombat is known to use fecal pellets and urine to mark its range (Triggs 1988) and
will do so on elevated points such as rocks, small logs and at the base of trees (Triggs 1988,
Taylor 1993). At Tonimbuk (Victoria), wombats mark novel objects or those that have been
disturbed, such as a moved log (C.A. Marks, unpublished data). Their propensity to mark
areas of disturbance may promote their capture at trap sites that have been prepared by
digging, clearing or movement of logs or if the trap is located at the base of a tree. The use of
‘stepping sticks’ placed to prevent an animal stepping on the trap jaws and to direct its path
onto the trap pan is a common practice (Johnson et al. 1980, Mowat et al. 1994) and may
promote the capture of common wombats. Brushtail possums would likewise be susceptible
to traps located at the base of trees, as they frequently descend and spend a proportion of their
time foraging on the ground (Strahan 1984).
Understanding the behaviour of individual non-target species is essential in order to avoid
their capture. Local knowledge of trapping conditions and field skills developed in
consultation with other trappers is an important component of training for trappers. Local
conditions will often determine specific strategies that are adopted by trappers and it is
unrealistic to expect that one trapping protocol will be appropriate for all locations. Forums
for the exchange of information and peer review of trap setting techniques, as well as
provision of appropriate scientific information will aid in fostering a positive and supportive
culture of continuous improvement in trapping practices. This may be the most effective way
to ensure that canid management and welfare objectives are addressed in trapping practices.

8.14 Trap modifications
There is potential to adapt and modify trapping devices and practices to increase effectiveness
and positive welfare outcomes. Exploiting the differences between the physiology and
behaviour of target and non-target species may lead to more target-specific control strategies
(Marks 2001b). Problematically, much of the published literature indicates ad hoc field
experimentation with inadequate experimental control and use of multiple or erratic variations
in trapping practices. This does not permit a good scientific basis for assessment. Adequate
strategic planning and experimental design is strongly indicated and requires the development
of protocols for the collection of data that can be analysed, interpreted and used to promote
better welfare outcomes.
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Coil spring traps used to capture racoons were modified with a ‘guard’ or ‘double jaw’ to
protect against self-directed biting and appeared likely to have reduced injury scores
(although not conclusively) (Anon 2003). There is potential to develop a similar guard
system to prevent macropods from triggering leg-hold traps (eg. Victor Soft-Catch #3 or #1
½) by exploiting their elongated foot relative to that of wild dogs. Other modifications have
sought to increase target-specificity by minor modifications to established practices. A
snaring system used for the capture of snowshoe hares (Lepus americanus) permitted the
release of the threatened American marten (Martes americana) in Canada (Proulx et al.
1994a) as snared martins behaved differently from hares and spun their body upon capture.
An anchor mechanism that disengaged or broke due to this spinning motion enabled the
snowshoe hare snare system to be target-specific.
Traps that have been modified to reduce injury to target species have also been found to be
more efficacious. Egg traps (Egg Trap Company: Springfield, USA) were found to be a
humane and effective alternative to leg-hold traps to capture racoons. They prevent selfmutilation as a guard prevents the animal from biting the trapped limb (Proulx et al. 1993b,
Hubert et al. 1996) and were 1.04 – 1.46 times more effective at catching racoons than cage
traps (Austin et al. 2004). Proulx et al. (1993) reported that this device did not cause
appreciable limb damage after 24 hours of captivity and damage was reduced compared to
Victor #1 coil-spring traps (Hubert et al. 1996). In addition, Egg traps appeared to be far
more target-specific as they excluded some non-target species (eg. dogs) from accessing the
trigger mechanism (Hubert et al. 1999). Relatively little damage has been demonstrated in
opossums (n = 40) (Didelphis virginiana) when they were captured in the device that was set
and inspected daily (Hubert et al. 1999).

8.15 Jaw off-set distance
The ‘off-setting’ of trap jaws by a set distance (so that they do not fully close) probably
produces better welfare outcomes (compared to the same traps where trap jaws fully close) by
reducing impact and clamping forces upon limbs. Trap jaws have been off-set by 6.35 mm
(Unpadded Northwoods #3) (Houben and Holland 1993), 7.9 mm (Unpadded Northwoods #3),
6.4 mm (Unpadded Sterling MJ600) (Phillips et al. 1996) and 4.8 mm (Bridger #3) (Hubert et
al. 1997). However, some authors found that padding without off-setting jaws provided
superior welfare outcomes (Phillips et al. 1996). The practical distance that jaws can be off-set
is limited by the need to ensure that the trap is capable of holding all target species, but there
appears to be little empirical basis or evidence-based rationale for the upper limits of off-set
distances that can be found in the scientific literature. A standard jaw off-set of ¼ inch is
probably based on North American practices9 and it is difficult to recommend an absolute
value for all traps that may apply to wild dogs and non-target species in Australia without the
collection of relevant local data and with reference to variations in other trap specifications (eg.
jaw width, impact and clamping forces, padding material etc). A comparative study of limb
morphometrics and anatomy for target and non-target species could be used to suggest
evidence-based estimates of jaw off-set distances. Setting maximum practical jaw off-set
distances may allow some non-target species to escape traps (eg. corvids and brushtail
possums) if restrained by their limbs.

9

Jaw off-set distances for the modified (padded) Bridger #5 is ¼ inch as currently used in Victoria.
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Canis lupus
Ursus americanus
Ursus americanus

Coyotes
Wolves
Black bears
Black bears
Marten
All
All
Racoon
Racoon
Racoon
Lynx
Lynx
Red fox
Grizzly bear
Grizzly bear
Coyotes

#3 leg-hold traps

#4 and #14 Newhouse steeljawed traps
Aldridge snare
Aldridge snare

All
All
All

Egg trap

Egg trap

Egg trap

Foot-hold snares

Foot-hold snares

Foot-hold snares
Leg-hold snare (Margo)
Leg-hold snare (Margo)
Leg-hold traps

Vulpes vulpes
Ursus arctos
Ursus arctos
Canis latrans

Lynx rufus

Lynx rufus

Procyon lotor

Procyon lotor

Procyon lotor

Martes americana

Canis latrans

Racoon
Wolves
Arctic fox
Coyotes

#1½ coil spring trap
#3 and #4 leg-hold traps
#1½ steel-jawed leg-hold
#3½ EZ Grip

Procyon lotor
Canis lupus
Alopex lagopus
Canis latrans

TARGET

TRAP TYPE

Careful site selection to reduce entanglement
in vegetation
Plastic coating of snare cable
Short anchor cable
Short anchor cable
Use of Paws-I-Trip pan tensioning device

Use of multiple swivels on trap anchor cables

Guard does not allow racoon to access trapped
limb
Guard covers limb caught by trigger
mechanism
Trap anchored to a tree above ground level

Spring loading of snare cable
Snares set so that cables cannot tangle in
foliage
Deactivation of traps during adverse weather
Frequent trap inspection
Use of radio system to alert trap activation

Centre mounted 90 cm long chains to anchor
traps
Use of long-acting antibiotics

Addition of a foot-guard (‘double jaw’)
Use of propiopromazine TTD
Daily trap inspection
Padded and more powerful jaw

MODIFICATION/PRACTICES

Foot injury
Muscle damage to limb
Dehydration
Non-target captures (reduced by 9199.1%)

Self-mutilation as animals could not use
captured limb for support
Injury from twisting and tangling in
cable
Injury from vegetation

Non-target species (eg dog) captures

Self mutilation

Hypothermia and hyperthermia
Injury
Restraint time and injury

Abrupt stop and injury
Tangling and injury

Injury from self-directed biting
Injury in target and non-target species
Serious injuries
Trap injury more than off-set and
laminated jaws in similar devices
Less injury than shorter non-centred
anchor chains
Risk of bacterial infections

REDUCES
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Englund 1982
Cattet et al. 2003
Cattet et al. 2003
Phillips and Gruver 1996

Logan et al. 1999

Logan et al. 1999

Poulx et al. 1993

de Vos et al. 1952
Proulx et al. 1993
Marks 1996, Kaczensky et al.
2002, Larkin et al. 2003
Proulx et al. 1993, Hubert et
al. 1996, Austin 2004
Hubert et al. 1996

Powell 2005
Powell 2005

Fuller and Kuehn 1983

Linhart et al. 1988

Anon 2003
Sahr and Knowlton 2000
Proulx et al. 1994
Phillips et al. 1996

AUTHORITY
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TARGET
Coyotes
Snowshoe hare
Coyotes
Coyotes
Coyotes
Coyotes
Coyotes
Dingo
Red fox
Badger
Red fox
Fox
Red fox
Lynx
Lynx
Lynx
Lynx
Coyotes
Coyotes
Coyotes

TRAP TYPE
Leg-hold traps
Neck snare (lethal)

Neck snares
Neck snares
Neck snares
Northwoods #3 offset jaws

Northwoods #3 offset jaws

Oneida #14 jump traps

Plastic Nordic Sport AB snare
Rose leg cuff

Snare
Soft-Catch #1½
Steel-jawed trap
Victor long-spring #2 and #3
Victor Soft-Catch #3
Victor Soft-Catch #3

Victor Soft-Catch #3

Victor Soft-Catch #3

Victor Soft-Catch #3
Victor Soft-Catch #3
Victor Soft-Catch #3

Canis latrans
Canis latrans
Canis latrans

Lynx rufus

Lynx rufus

Vulpes vulpes
Vulpes vulpes
Vulpes vulpes
Lynx rufus
Lynx rufus

Vulpes vulpes
Meles meles

Canis dingo

Canis latrans

Canis latrans
Canis latrans
Canis latrans
Canis latrans

Canis latrans
Lepus americanus

Increase diameter of snare cable
Use of padded trap
Padding of trap jaws
Plastic coating of traps
Pan tension set to 1 kg
No trapping in winter or when temp below -8
o
C
Fixed anchor, good quality shock absorber,
short chain and 2 swivels
Increased jaw closure velocity, clamping
force and impact force
Replaced #1.75 springs with #3 springs
Supplementary springs added
Increased spring tension by 40%

Use of diazepam tabs on snares
Use of obstacles to divert ungulate non-targets
Snare lock set to 27cm
Lamination, offset jaws and replacement
springs
0.635 cm lamination and additional spring
tension
Use of smaller Oneida traps compared to
Lane’s trap
Use of snare in place of leg-hold traps
Use of Kevlar cuff to hold limb

MODIFICATION/PRACTICES
Deactivate traps during diurnal periods
Coil attachment/anchor point

Injuries and maximise restraint proximal
to interdigital pad
Mean trap-injury scores
Trap related injuries
Reduction in injury score over other
studies

Entanglement, dislocation and fracture

REDUCES
Non-target species (80%) not active
Allows American marten (non-target) to
escape
Facial and oral lacerations
Non-target capture
Capture of ungulates
Reduce all injuries relative to standard
trap
Injury scores reduced by 5-7.5 times that
of Victor #3 coil or long spring traps
Non-target captures (large marsupials
protected wildlife)
Tooth damage
Injuries other than temporary swelling of
limb
Injury
Physical trauma
Fractures and joint injuries
Tooth damage
Reduced small mammal capture
Freezing injury

Linhart et al. 1988
Gruver et al. 1996
Houben et al. 1993

Earle et al. 2003

Mowat et al. 1994

Garrett 1999
Kreeger et al. 1990
Tullar 1984
Englund 1982
Mowat et al. 1994
Mowat et al. 1994

Englund 1982
Kirkwood 2005

Newsome et al 1983

Houben et al. 1993

Pruss et al. 2002
Pruss et al. 2002
Pruss et al. 2002
Houben et al. 1993

88

AUTHORITY
Shivik and Gruver 2002
Proulx et al. 1994
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TARGET
Coyotes
Coyotes
Coyotes
Dingo
Dingo

TRAP TYPE
Victor Soft-Catch #3
Victor Soft-Catch #3
Victor Soft-Catch #3

Victor Soft-Catch #3
Victor Soft-Catch #3

Canis dingo
Canis dingo

Canis latrans
Canis latrans
Canis latrans

MODIFICATION
Use of padded trap
Use of pan tension device (0.9-1.4 kg tension)
Reduced weight of trap compared to #3½ EZ
Grip
Use of diazepam TTD
Use of hepranoid creams on limb prior to
release to restore blood flow
Limb injury and activity
Pathology associated with
ischemia

REDUCES
Limb injury
Most non-target animal captures
Fractures

Marks et al. 2004
Byrne and Allen 2008

AUTHORITY
Linhart et al. 1986
Phillips et al. 1992
Phillips et al. 1996

Table 13 (cont). Summary of modifications made to leg-hold traps, leg-hold snares and neck snares and field practices (‘Modifications/Practices’) and the reduction
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9.0 GENERAL CONCLUSIONS AND RECOMMENDATIONS
9.1 Recommended devices
1. Large steel-jawed (eg. Lane’s type) traps cause much greater injuries to target and nontarget species and are less target-specific than smaller leg-hold devices. Their relatively
greater weight, large jaw spread and side-mounted chains result in poorer welfare
outcomes than other devices. Padded large steel-jawed traps probably reduce injury to
target and non-target species, but such modifications have received no detailed
assessment. The use of large steel-jawed traps that are modified or unmodified should
be discontinued as soon as possible.
2. Laminated leg-hold traps have been found in some studies to reduce the incidence of
trap related injury, when compared to non-laminated devices. Currently there is no
clear scientific consensus that laminated traps have the potential to deliver better
welfare outcomes than commercially available padded leg-hold traps. Lamination of
existing leg-hold traps will not necessarily produce significantly improved welfare
benefits.
3. Treadle-snares are reported to require more skill to set, can be prone to misfiring and
are bulky to transport. International literature suggests that in general, leg-hold snares
are less effective than leg-hold traps for canid control. Some data suggests that
treadle-snares cause greater stress to red foxes than other capture devices. The
continued use of the treadle-snare should be reviewed with reference to these concerns.
4. There appears to be potential for consistently better welfare outcomes using
commercially available padded leg-hold traps such as the fourth generation Victor
Soft-Catch #3 which can use short centre-mounted restraining cables, standard pan
tension systems, are suited to the attachment of TTDs or LTDs, are familiar to trappers
and are well supported by published data as effective in the capture of canids. Devices
that conform to the ‘fourth generation’ of the Victor Soft-Catch #3 trap are probably
current best practice for wild dog trapping. Victor Soft-Catch #1 ½ traps would be the
most appropriate size trap for trapping red foxes.
5. The Collarum non-lethal neck snare appears to have potential as a device that could
find limited applications in urban and urban-rural fringe areas or where particular care
must be taken in avoiding capture of non-target species. It may offer greater targetspecificity and has potential to cause less major injury and death than padded leg-hold
traps. Consideration should be given to trial then authorise this device if deemed
appropriate.

9.2 Definition and regulation of leg-hold devices
1. The definition of leg-hold traps as indicated in the POCTA rules should be extended to
reflect commonly used scientific and commercial nomenclature and definition of leghold traps. Approved devices should be denoted by manufacturer, size and type and be
stipulated in the rules.
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2. Regulations should seek to discourage the use of traps that have been modified in an
ad hoc manner (eg. use of untested padding, lamination and arbitrary jaw off-set etc)
and do not use objective and evidence-based data to support claims of efficacy and
welfare outcomes. Traps should be maintained within the tolerances of a performance
specification. However, it is appropriate that regulations do not inhibit future testing
and continuous improvements to produce better welfare outcomes. Modifications and
assessment should be supervised by competent oversight.

9.3 Development of trap specifications
1. In order to promote current best practice and reliable welfare outcomes, mechanical
trap specifications should be established that clearly define minimum performance
based attributes. Important trap specifications should include trap size and jaw spread,
trap weight, closure speed, impact force, clamping force, jaw offset distances, padding
material (type, thickness etc) and pan tension characteristics. Ancillary features used
with traps such as the type and number of in-line springs, swivels and anchoring
methods should also be specified. A minimum benchmark for wild dog trapping could
be based upon the fourth generation Victor Soft-Catch #3 trap using the manufacturer’s
data or physical measurements.
2. A number of rubber-jawed traps are on the market in Australia (eg. Duke™ and Jake™
traps) that have not been the subject of published research. The use of leg-hold traps
that can be shown to conform or exceed the specifications established by the
benchmark could be regarded as best practice. This would allow other manufacturers
with trap products to certify their devices or adapt them to the benchmark if necessary.
A benchmark could be a valuable tool to promote a culture of continuous improvement
and further trap development.
3. It would be appropriate for DPI/BAW to request assistance from companies involved
in the manufacture of leg-hold devices and their Australian agents (eg. Woodstream
Corporation: Pennsylvania for the Victor Soft-Catch #3 or the Livestock Protection
Company: Texas for EZ Grip # 3½) to promote standardisation of traps for better
target-specificity and welfare outcomes for Victorian and Australian conditions.
4. North American humane trap standards have been developed for commercial fur
harvesting and controlling wild dogs and are of some relevance to Australia. However,
there are sufficient differences in the context of the wildlife management issues (eg.
composition of target and non-target species, animal welfare legislation, etc) to justify
developing unilateral specifications that address specific needs and requirements in
Australia.

9.4 Improving welfare outcomes
1. Trap specifications such as closure speeds and jaw spread may be essential to ensure
that captured animals are consistently restrained above the interdigital pad in order to
reduce injury from restraint.
2. Adoption of in-line spring specifications that have been developed in North America
are unlikely to have catered for macropods that are capable of developing large
amounts of force through rapid acceleration and generation of momentum. The
selection of in-line springs in trap restraining cables or chains should be based upon
realistic calculations of the force that can be produced by macropods given the length
of the chain, known acceleration and upper mass. Centre-anchored chains that attach to
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the base of traps permit swivels to operate more effectively than chains attached to the
side of the trap and probably contribute to better welfare outcomes by reducing
torsional resistance; they should be adopted as a standard practice.
3. A positive relationship exists between the period of time held in captivity and the
degree of injury and stress sustained. Worldwide, trap inspection periods of at least
once per day are a minimum standard. Nocturnal animals are likely to experience
additional stress if held for prolonged periods during the day. In the absence of novel
ways to demonstrably improve the welfare of animals held for periods in excess of one
day, trap inspection periods should be at least once per day to conform to a minimum
accepted standard.
4. During specific times of the year in eastern Victoria, when peak daytime temperatures
are in excess of 30oC, trapping should be discontinued or all trap inspections should be
completed well before peak daytime temperatures are reached. The relative lack of
arid-adapted species in the eastern highlands of Australia and frequent capture of nontarget species that are susceptible to thermal stress requires greater consideration than
is appropriate for other Australian habitats.
5. Various studies have contrasting recommendations concerning the merits of fixed
trap anchoring or ‘drag’ fixed trap restraints. There is evidence that short chains and
fixed anchoring points may provide better welfare outcomes. Drags may be
appropriate when it is unavoidable to set traps in exposed locations that offer no
shelter from the sun in hot and arid environments or if soil substrates do not allow
reliable anchoring. It would be appropriate to monitor welfare outcomes of both
options for target and non-target animals and adopt the most beneficial practice for a
range of conditions.
6. The use of a TTD or LTD in conjunction with a leg-hold trap that meets best practice
standards for welfare outcomes should be pursued. The successful implementation of
such devices would eliminate or mitigate the majority of stressors experienced by wild
dogs and red foxes and greatly improve the welfare outcomes of trapping. As either
device will not be beneficial for most non-target species, the best welfare outcomes of
this approach overall will be produced if ways to improve the target specificity of traps
are also pursued.
7. The investment in a trap alert system might be warranted if it promotes rapid trap
attendance, more frequent trap inspection and significant welfare benefits. As many
target and non-target species are nocturnally active, unless 24 hour monitoring and
recovery is proposed the welfare benefit is reduced. Frequent trap inspection and
human presence may reduce trapping success and inexpensive and low power trap
signalling devices may be a practical option to monitor the capture status of traps over
a short monitoring distance that avoids close approach to the trap set if more frequent
inspections are made. As much of the trauma of trapping is likely to occur within the
first hour(s) of capture, the welfare benefit of this approach should be assessed with
reference to other measures that could promote more cost-effective welfare outcomes.
8. A clear policy dictating the fate of non-target species upon recovery should take into
account the likelihood that many trapped animals have suffered debilitation that is not
visible. Macropodids and birds are highly susceptible to capture myopathy and it
would seem inappropriate that after prolonged capture they are released, since
suffering or death due to debilitation is highly likely. A range of other species may be
susceptible to capture myopathy, yet insufficient published information exists to
produce a comprehensive assessment.
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9. If some non-target species are to be released from leg-hold traps or snares by a single
person, the risk of operator injury is significant. Practices that are used to release nontarget species should be reviewed and appropriate equipment and training needs
considered to ensure that the pre-conditions that warrant euthanasia or release are
known, and if release is attempted it can be done so safely and humanely.
10. Recommendations for the use of firearms to euthanase non-target species should be
reviewed as it is likely that current recommendations will not produce consistent
outcomes in some non-target species nor will they be appropriate and safe in all
environments.
11. Standard jaw off-set distances of ¼ inch are probably based on North American
practices. A comparative study of limb morphometrics and anatomy for target and nontarget species could guide evidence-based estimates of jaw off-set distances for
Australian conditions. Setting maximum practical jaw off-set distances may allow
smaller non-target species to escape traps if restrained by their limbs.
12. The routine use of post-capture treatments such as Heparinoid cream to reduce
swelling, bruising and stimulate peripheral blood flow in released non-target animals
shows potential to improve welfare outcomes. Veterinary recommendations
concerning appropriate post-capture treatments (which may also include the use of
antibiotic and antiseptic agents) for all animals prior to release should be developed
and used as a mandatory procedure. Research should be undertaken to determine the
relative benefit of such practices.

9.5 Improving target-specificity
1. Pan tensioning is a well established technique to reduce the capture of non-target
species that apply less ‘trigger force’ to traps than wild dogs. The use of pan tension
systems should be a mandatory requirement for all leg-hold traps.
2. It is essential to ensure that pan tensioning specifications are based upon evidencebased studies relating to the force applied by non-target species relative to target
species and that periodic monitoring and adjusting of pan tensions for traps is
undertaken as part of a quality control process.
3. Canid lures and/or some odours associated with marsupial carnivores may be repellent
to marsupial herbivores (eg. kangaroos, wallabies and wombats) that are the primary
native non-target species in Victoria. Field assessment of lures and their potential to
reduce non-target captures at a range of concentrations should be conducted in the
eastern highlands of Victoria.
4. Trap size and jaw spread appears to affect the incidence of non-target captures and is
probably an important way to limit capture of macropods and other species. There is
no compelling evidence to suggest that canid capture rates and trap efficacy are
significantly reduced by using leg-hold traps that have a reduced jaw area/size. Traps
used in Victoria should be limited to trap sizes no greater than a size typically cited as
#3 (ie. 15 cm jaw spread) for wild dogs and # 1 ½ for red foxes (ie. 13 cm jaw spread)
in order to limit non-target captures. Research should seek to test if more durable
smaller trap devices can be produced to offer increased target-specificity in some
circumstances without a reduction in capture rates.
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5. There are significant differences in the locomotion and foot anatomy of macropods and
wild dogs and it may be possible to produce trap configurations that enhance targetspecificity.
6. There is a substantial published scientific literature concerning the development and
assessment of trapping devices and practices to improve welfare outcomes and target
specificity. It would be appropriate for this resource to be summarised and
communicated in a relevant way to people involved in trapping. Training in the nature
of stressors, stress and pathology associated with traps in a range of species would be
useful.
7. Knowledge of specific behaviours of key non-target species may allow trappers to
develop strategies to further minimise their capture. The abundance and diversity of
non-target species in different habitats is an important consideration. A practical
summary of the behaviour of key non-target species based upon a synthesis of trapper
field skills and scientific studies may assist in training, as well as sharing knowledge
with members of the public that also undertake trapping.

9.6 Assessing comparative welfare outcomes
1. Adoption of a standardised protocol to test welfare impacts of different traps and trap
modifications is required to assist in continuous improvement of trapping practices.
This standard would be most useful if it were adopted nationally.
2. One of the chief problems associated with the assessment of welfare outcomes of
trapping in the field is that the period an animal has remained in the trap is rarely
known with any accuracy. The use of inexpensive timer/activity monitoring modules
should be attached at least to a sample of routinely used traps. Data collected would
include capture duration, time of the day that species are likely to be caught and the
degree of activity and struggling associated with different species and devices.
3. The most unequivocal insight into the comparative welfare impacts of traps is likely to
be produced by physiological indicators (ie. CK, AST, ALP, ALT and N:L ratios) in
concert with a standardised scoring of whole body injury from necropsies. The capture
period and relative activity of animals must be known in conjunction with these
measures to accurately assess welfare impacts.

9.7 Reporting research and assessment
1. Licensed institutions that use leg-hold or other capture devices should be encouraged
to report and/or publish details of trapping methods and results so that comparative
data is produced for: location, habitat type, capture success, target specificity, injury to
target and non-target species, trap inspection frequency and modifications made to trap
devices. The development of a standardised reporting procedure could be an
obligatory requirement under the auspice of AECs.
2. A large amount of information has been collected during field trials of various trapping
methods and using trap modifications in Australia and overseas. Much of this material
is of limited value due to the lack of experimental controls, inadequate sample sizes,
inconsistent application of methods or a reliance on subjective interpretation. A
partnership between trappers and researchers should be fostered, when possible, to
encourage future assessment of potential improvements to be appropriately rigorous.
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9.8 Knowledge gaps
1. As published studies are limited in their scope, advice should be sought from zoo
veterinarians and keepers of Australian native fauna concerning the relative
susceptibility of potential non-target species to capture myopathy. A schedule of
appropriate actions concerning post-capture treatment and release or obligatory
euthanasia should be prepared in order to guide the action of trappers.
2. Pressure necrosis and ischemia may arise from the use of traps or leg-hold snares that
restrict blood flow to tissues for prolonged periods. The incidence of ischemia
produced by different padded and laminated traps is unknown and the short and longterm impact on welfare outcomes is unknown in target and non-target species. Nonlethal studies that monitor the short-term restriction of blood flow in anaesthatised
animals in the laboratory may be adequate to predict the relative likelihood of
ischemia arising from different trap devices.
3. Most mechanical specifications for commercial traps used in Australia follow
recommendations based upon North American experience. There is a need for
empirical data to be collected locally to enable evidence-based adaptation of trapping
methods to increase target specificity and promote better welfare outcomes.
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APPENDIX 1.0
Haematological and biochemical responses of red foxes (Vulpes
vulpes) to different recovery methods
Clive A Marks1
1

Nocturnal Wildlife Research Pty Ltd, PO Box 2126, Wattletree Rd RPO, East Malvern,
Victoria 3145, Australia

Abstract
Haematology and blood biochemistry profiles were produced for red foxes (Vulpes vulpes)
recovered by either cage traps, treadle-snares, Victor Soft-Catch (VSC) #3 traps, netting or
shooting. Compared to all other recovery methods, foxes captured in treadle-snares had
significantly higher mean albumin (ALB), creatine kinase (CK), red cell count (RCC),
neutrophil to lymphocyte (N:L) ratio, sodium (Na), total protein (TP) and white cell counts
(WCC). Treadle-snares were also associated with higher chloride (Cl), haemoglobin (Hb)
and packed cell volume (PCV) than cage trapping and netting. Treadle-snares produced
indicators of greater muscle damage, exertion and dehydration compared to cage and VSC
traps. These data do not support former studies that concluded that due to similar injury
scores, treadle-snares and VSC traps produced equivalent welfare outcomes. Injury and death
are end-points of poor welfare and monitoring stress using physiological indicators allows the
relative potential for different recovery techniques to cause pathological and pre-pathological
states to be compared. Different pest control and wildlife management techniques may vary
greatly in the magnitude and nature of stress they produce and physiological indicators might
be a highly informative way to investigate, qualify and rank relative welfare outcomes.
Keywords: Trapping, snares, foot-hold traps, leg-hold traps, stress, red fox, Vulpes vulpes

Introduction
The assessment of welfare outcomes arising from different leg-hold (or ‘foot-hold’) traps
used for coyotes (Canis latrans), wolves (Canis lupus), dingoes (Canis lupus dingo) and red
foxes (Vulpes vulpes) (collectively referred to as ‘canids’) has relied upon contrasting the
extent of visible injuries assessed upon their recovery (eg. Tullar 1984; Van Ballenberghe
1984; Olsen et al. 1986; Onderka et al. 1990; Houben et al. 1993; Hubert et al. 1997; Phillips
et al. 1996; Fleming et al. 1998). However, physical injury is only one indicator of the overall
stress and potential suffering (Iossa et al. 2007). Trapping produces a wide range of stressors
(Moberg 1985; Gregory 2005) and stress which if intense or prolonged can have negative
impacts upon an animal's welfare (Jordan 2005). Anxiety may result from stressors such as
abnormal light exposure, unfamiliar odours, aversive sounds and restricted movement
(Morgan and Tromborg 2007). Limb oedema is frequently observed after trapping in leghold traps (Andelt et al. 1999), yet its relationship to the onset of ischemic injury cannot be
easily predicted from gross examination, as necrotic tissue develops over many days or weeks
(Walker 1991). Stress can produce pathology such as myocardial lesions and affect tissue
integrity in vital organs (Sanchez et al. 2002) and increase the risk of infectious disease by
reducing the effectiveness of the immune system (Raberg et al. 1998). Capture myopathy can
cause chronic debilitation in some species and predispose them to morbidity and death weeks
after capture (Hulland 1993). Dehydration caused by prolonged confinement and/or intense
activity during captivity (eg. Powell 2005) is not frequently considered as a specific welfare
problem associated with trapping.
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Welfare indicators are required to assist with good welfare in conservation activities (Bonacic
et al. 2003) and to support the development of more humane vertebrate pest control (Marks
2003; Littin et al. 2004; Littin and Mellor 2005). Physiological responses to different capture
techniques have proved to be useful indicators for assessing welfare outcomes for red foxes
(Kreeger et al. 1990a; White et al. 1991), kit foxes (Vulpes macrotis mutica) (McCue and
O'Farrell 1987), African wild dogs (Lycaon pictus) (De Villiers et al. 1995), grizzly bears
(Ursus arctos) (Cattet et al. 2003), black bears (Ursus americanus) (Powell 2005), river otters
(Lontra canadensis) (Kimber and Kollias 2005), Eurasian otters (Lutra lutra) (FernandezMoran et al. 2004), brushtail possums (Trichosurus vulpecula) (Warburton et al. 1999) and
koalas (Phascolarctos cinereus) (Hajduk et al. 1992). The International Standards
Organization (ISO) Technical Working Group on Traps rejected the use of hormone and
blood biochemistry to develop welfare indicators for canid trapping (Harrop 2000), yet many
haematological and biochemical indicators are standardised, cost-effective and widely
available. Currently there are few data on physiological responses to different traps (Powell
2005), especially for canids that continue to be the focus of on-going trapping in Australia
(Saunders et al. 1995; Fleming et al. 2001; Allen and Fleming 2004) and the United States
(Fox and Papouchis 2004).
Analysis of visible trauma scores after the capture of foxes and dogs led to the conclusion that
treadle-snares were more humane (Stevens and Brown 1997; Fleming et al. 1998) or
delivered approximately equivalent welfare outcomes to Victor Soft-Catch #3 (VSC) traps
(Meek et al. 1995). As a range of trapping and recovery techniques were used during a study
of urban red foxes in Melbourne (Australia), the influence of recovery methods upon
haematology and blood biochemistry values were investigated and compared with published
normal values or those reported after known periods of confinement in traps or after shooting.
This paper sought to determine if common haematology and blood biochemistry values might
assist in determining the relative welfare outcomes arising from different red fox recovery
techniques and if the previous conclusions about welfare outcomes produced by treadlesnares and VSC traps were supportable.

Methods
Capture and recovery methods
All foxes were recovered from urban habitats within 20 km of central Melbourne, Australia
(37.8° S 145.0° E) that were used in previously reported studies (Marks and Bloomfield 1998;
1999a,b, 2006; Robinson and Marks 2001). The treadle-snare (Glenburn Motors: Yea) and
Victor£ “Soft-Catch” #3 traps (VSC) (Animal Capture Equipment and Services: Warrick)
were set as described by Meek et al. (1995), using fish-based cat food as a lure. The treadlesnare is shaped like a small banjo and has a circular pan or ‘treadle’ similar to the Aldridge
snare (see Skinner and Todd 1990). A wire cable snare is placed around the pan and the snare
is thrown up the animal’s limb, and tightened by a spring arm when triggered (Meek et al.
1995; Fleming et al. 1998). Cage traps measuring 1200 × 450 × 450 mm with a hook and
modified floor press trigger (Wiretainers: Preston, Australia) or 1800 × 450 × 600 mm
custom-made cage traps were baited with whole chicken carcasses. Traps were set on or
alongside known fox trails, fences, gates, culverts or outside diurnal shelter sites that were
typically beneath houses or on the periphery of patches of blackberry (Rubus fruiticosus
agg.), wandering tradescantia (Tradescantia albiflora), African thistle (Berkheya rigida),
fennel (Foeniculum vulgare) and introduced grasses (Marks and Bloomfield 2006). Traps
were inspected at least every four hours during the evening and were de-activated during the
day. Blood samples were opportunistically taken during fox control programmes that used
terrier dogs to flush foxes from shelter sites into 1-m high, 50-m long micro-filament ‘gill
nets’ that were set loosely surrounding diurnal shelter sites. A sample of shot foxes was taken
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at urban locations at the end of all research activities when this could be achieved safely.
Sub-sonic .22 calibre ammunition was used with a Ruger 10/22 rifle that had been modified
with a target-rifle barrel and fitted with a silencer and a telescopic sight. Foxes were head
shot from a distance of < 25 m after being illuminated with a 100 W spotlight.
Sedation and blood sampling
Upon recovery, live captured foxes were covered with a hessian sack, restrained with a hand
noose and dosed with an intramuscular injection of 10 mg kg-1 of a tiletamine/zolazepam
combination (Zoletil®: Virbac, Australia), based upon an assumed adult median weight of 4
kg; this produced deep sedation and light anaesthesia. Tiletamine and zolazepam
combinations have been used successfully for minor surgery in foxes without an indication
that they caused significant alteration in haematology and blood biochemistry values (Kreeger
et al. 1990b). A 30 mL sample of blood was taken from the jugular vein with a 1 x 30 mm
(19G) needle and apportioned into 10 mL lithium heparin, EDTA and clot vacutainer tubes
(Becton-Dickenson: Melbourne). Blood samples were taken close to the point of recovery
usually within the first hour of capture and before the anaesthetic had fully abated. If
anaesthesia was insufficient, an hour was allowed to elapse before administering the full dose
again. After shooting, blood samples were taken by cardiac puncture immediately after death
had been confirmed by the loss of corneal reflex. Vacutainers were transported to Dorevitch
Pathology (Camberwell) at 0600 hrs the following morning for haematology and
biochemistry analysis.
Statistical analysis and comparison with published data
Foxes were deemed to be adults if their weight exceeded 3 kg and they were at least 9 months
old, based upon a minimum estimated age at the time of capture using August as the birth
month in Melbourne (Robinson and Marks 2001; Marks and Bloomfield 2006). Residual data
were stabilised by transformation if necessary, together with non-normally distributed data
prior to analysis. Comparisons of recovery method with haematological and blood
biochemistry values were analysed using a general linear model using the least significant
difference (LSD) test for post hoc comparison. Relationships between adult fox gender,
weight and recovery method were tested using binary logistic regression (SPSS version 16:
SPSS, Chicago). Comparisons were made with published accounts of blood values following
trapping in VSC traps, shooting (Kreeger et al. 1990a), cage traps (White et al. 1991) and
normal blood data based upon sampling a mixed population of captive silver and red foxes
(both V. vulpes) (Benn et al. 1986).

Results
A total of 125 foxes were recovered. Two were euthanased due to trapping injury (broken leg
and trauma to the scrotum) and excluded from the sample, along with 35 juvenile foxes.
Foxes recovered by either VSC traps or treadle-snares typically had mild oedematous
swelling of the captured limb two hours after recovery but no injuries were detected in cage
trapped or netted foxes.
A total of 88 adult foxes (female = 38, male = 50) had blood samples successfully analysed
after recovery with cage traps (n = 8), netting (n = 17), shooting (n = 11), treadle-snares (n =
45) and Victor Soft-Catch traps (n = 7). There was no significant relationship between the
recovery method and gender (ß = -0.28, Wald = 1.62, d.f. = 1, P = 0.760) or the mean weight
of males (5.2 kg, sd = 1) and females (4.7 kg, sd = 1.44) (F = 1.9, d.f. = 1, P < 0.174).
Inconsistent records for alkaline phosphatase and eosinophil values produced a small data set
and precluded analysis. In the remaining data there were insufficient data to test responses
due to sex and weight, data were pooled for analysis. Recovery methods had no significant
effects upon bicarbonate, triglyceride, urea, mean corpuscular volume, mean corpuscular
haemoglobin or platelets. Significant effects were detected for red cell count (RCC) (F = 17.7,
d.f. = 4, P < 0.001), packed cell volume (PCV) (F = 19.1, d.f. = 4, P < 0.001), white cell count
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(WCC) (F = 15.5, d.f. = 4, P < 0.001), haemoglobin (Hb) (F = 3.07, d.f. = 4, P < 0.05),
neutrophil to lymphocyte (N:L) ratio (F = 10.8, d.f. = 4, P < 0.001), albumin (ALB) (F = 21.8,
d.f. = 4, P < 0.001), total protein (TP) (P = 20.0, d.f. = 4, P < 0.001), creatine kinase (CK) (F
= 60.7, d.f. = 4, P < 0.001), sodium (Na) (F = 18.6, d.f. = 4, P < 0.001), potassium (K) (F =
15.5, d.f. = 4, P < 0.001) and chloride (Cl) (F = 3.3, d.f. = 4, P < 0.05).
Foxes captured in the treadle-snare had significantly higher mean ALB, CK, RCC, N:L ratio,
Na, TP and WCC when compared to all other recovery methods. Compared to cage trapping
and netting, treadle-snares were also associated with higher Cl, Hb and PCV values. Foxes
captured in Victor Soft-Catch traps had significantly higher mean ALB and CK compared to
shot foxes (P < 0.05) and higher mean CK values than observed in foxes that had been shot,
netted or captured in cage traps (P < 0.01). Shot foxes had a significantly higher concentration
of Na compared to those that had been captured in a cage trap (P < 0.01) or by netting (P <
0.01) (Table 1).

Discussion
What are appropriate physiological indicators of trapping stress?
Trappers were reported to inspect traps every 8 hours in Sweden (Englund 1982). In the
United States (in 1995) 33 states required that traps must be inspected every 24 hours (Andelt
et al. 1999), yet in Victoria (Australia) some trappers are compelled to inspect leg-hold traps
only every 48 hours. Different trap inspection periods suggest that welfare outcomes for the
same trapping devices may be correspondingly variable. Comparisons of injury data from
different traps will only be valid if the mean period of captivity for any experimental group is
not significantly different between or within studies that are compared. Few studies have
sought to monitor the duration and changing intensity of struggling during captivity and then
related this to welfare indicators and outcomes (Marks et al. 2004).
Activation of the hypothalamic-pituitary-adrenal axis and flight-fight response following
capture causes a period of vigorous struggling that is likely to influence the degree of trauma
experienced by foxes (Kreeger et al. 1990) and the onset of pre-pathological states.
Struggling by foxes was intense immediately following capture in VSC #1 ½ traps, but
decreased rapidly after the first two hours (Kreeger et al. 1990a). A similar pattern was
observed for foxes captured in cage traps (White et al. 1991) and dingoes captured in VSC #3
traps fitted with activity monitoring devices (Marks et al. 2004). Foxes may adopt a strategy
of conservation-withdrawal after some hours and a reduction in observed struggling with
reduced potential for injury (Kreeger et al. 1990a).
Physiological measures that provide a generalised indication of the cumulative physiological
and pathological impact of trapping must have sufficient persistence to be meaningful many
hours after initial capture, in order to be useful indicators of welfare outcomes. While cortisol
has been commonly used to investigate stressors (Carstens et al. 2000) and capture stress in
dogs (De Villiers et al. 1995) and foxes (Kreeger et al. 1990a), sequential sampling may be
required if stress response changes substantially during the period of capture. This is difficult
to achieve in the field without introducing additional stressors from restraint, venipuncture or
human presence (Beerda et al. 1996; Hennessy et al. 1998). Moreover, as the duration of a
canid’s captivity is rarely known with accuracy, the magnitude of the cortisol response at
recovery of an animal is of limited value as an indicator of overall stress, given that peak
cortisol is usually achieved in minutes and may decline within an hour (Beerda et al. 1998).
Injection of corticosteroids or adrenocorticotrophic hormones in dogs was reported to cause
an increase in neutrophils (N) and a decrease in lymphocytes (L) within 2 – 4 hours (Jasper
and Jain 1965). Stress may reduce the number of neutrophils held in marginal pools in some
species and increase the number of circulating neutrophils, but will be contingent upon the
nature and intensity of a stressor (Oishi et al. 2003). The N:L ratio may not be immediately
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detectable after periods of stress, yet was informative about trapping stress in foxes (Kreeger
et al. 1990a). Short-term mental stressors have also been shown to cause a significant increase
in neutrophil activation (Ellard et al. 2001). Neutrophil counts were significantly increased
while lymphocytes decreased in dogs subjected to air transport (Bergeron et al. 2002) and in
coyotes following capture and restraint (Gates and Goering 1976). Monitoring neutrophil
activation due to transport stress was found to be a useful welfare indicator in European
badgers (Meles meles) (Montes et al. 2004). Leukocytes counts are subject to diurnal
variation, with neutrophils typically peaking in dogs during the day, corresponding to a
decline in lymphocytes which tend to peak during the mid evening (Lilliehook 1997;
Bergeron et al. 2002) and this may be significant if small changes in N:L ratios are being
monitored.
Creatine kinase concentrations are used for diagnosing skeletal muscle damage (Aktas et al.
1993). In rats, the concentration of serum CK correlated strongly with the volume of muscle
traumatised by crushing injury (Akimau et al. 2005). Tourniquet ischemia of the arm produced
with the application of a pneumatic cuff for one hour caused elevations in CK and TP in
humans that could be detected for three days after its removal (RupiĔski 1989). Human patients
that are manually or mechanically restrained respond with elevation in CK values (Goode et al.
1977) typically associated with muscle trauma (rhabdomyolysis), although shock, surgery or
disease affecting the skeletal muscles (Prudhomme et al. 1999), myocardial damage (Moss et
al. 1987) or prolonged and stressful exercise (Noakes 1987). Elevated CK was found in foxes
captured in padded and unpadded leg-hold traps (Kreeger et al. 1990a), but not significantly in
those captured in cage traps (White et al. 1991). Some stressors do not produce a significant
increase in CK in some species or breeds (probably due to genotypic differences). In Alaskan
sled dogs there was little indication of increases in serum CK after days of strenuous racing
(Hinchcliff et al. 1996), yet elevation of CK is associated with physical exertion in most
domestic dog breeds (Aktas et al. 1993). The reliability of CK as a specific marker for
diagnosis of muscle disease (Auguste 1992, in Aktas et al. 1993) is also influenced by snake
venom toxicosis, myocardial disease associated with parvovirus, dirofilariasis, haemolysis and
venipuncture and interaction with some therapeutic agents (reviewed in Aktas et al. 1993). The
progressive evaluation of recently captured river otters (Lontra canadensis) showed that CK
was not a good indicator of musculoskeletal injury due to possible interactions with existing
pathology independent of capture injury (Kimber and Kollias 2005). In flying foxes (Pteropus
hypomelanus), anaesthesia with isoflurane (an anaesthetic) reduced the intensity of CK changes
(Heard and Huft 1998).
Comparison of fox trapping data with other studies
Treadle-snares had a significantly greater effect upon blood values than VSC #3 traps and
these data corresponded closely with those reported for foxes held in VSC #1 ½ traps for 8
hours for WCC, ALB, TP, CK, N:L and RCC (Kreeger et al. 1990a). Kreeger et al. (1990a)
concluded that leg-hold traps produced a classic stress response characterised by an increase
in HPA hormones, neutrophilia (high N:L ratio) and elevated CK, as well as other serum
chemicals such as lactate dehydrogenase (LDH), alkaline phosphatase (ALP) and aspartate
aminotransferase (AST). Foxes captured using VSC #3 traps in the Melbourne study revealed
similar shifts in ALB, CK, WCC and Na values that were intermediate between those found
after 2 and 8 hour confinement in VSC # 1 ½ traps (Kreeger et al. 1990a). Similarly, foxes
held in a cage trap for 8 hours (White et al. 1991) had higher mean values for ALB, CK, Hb,
RBC and N:L ratio compared to those held for < 4 hours in cage traps in Melbourne. The
standard errors observed for the mean blood values obtained from shot foxes in Melbourne
overlapped with those reported by Kreeger et al. (1990a) and White et al. (1991) for CK, Na,
TP and WCC, and closely approximated the ALB and N:L values. Blood PCV taken from
shot foxes in the Melbourne study and by Kreeger et al. (1990a) were higher than normals
reported by Benn et al. (1986) or those from cage trapped foxes and may be an artefact of
blood sedimentation post mortem (Table 2).
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In some species, excitement and strenuous exercise can cause contraction of the spleen and
expulsion of erythrocytes into circulation (Wintrobe 1976) and this may alter normal RBC,
Hb and PCV (Hajduk et al. 1992). Blood normals for captive-bred foxes had higher Hb and
RCC and were attributed to splenic contraction as a stress response during blood sampling in
manually restrained and unsedated foxes (Benn et al. 1986). Other studies have used
transponder collars to remotely anaesthetise free-ranging animals prior to blood sampling (eg.
Powell 2005) and this appears to provide less equivocal blood normals typical of unrestrained
animals. Elevated TP in captive foxes could be due to a high quality artificial diet (Benn et
al. 1986) or a genotypic consequence of selective breeding. Normal CK values were reported
to be substantially lower in fox blood normals (Benn et al. 1986) and captive wild red foxes
prior to surgery (Kreeger et al. 1990b). This is possibly because shooting trauma elevates CK
values, as seen in shot pigs (Münster et al. 2001) and after brain gunshot trauma (Kaste et al.
1981) (Table 2).
Black bears captured in Aldridge snares had higher CK and ALB values and this was
attributed to greater exertion, muscle damage and dehydration compared to values generated
from individuals captured by remote activated tranquilising collars (Powell 2005). Elevation
of CK has also been reported for polar bears captured in snares (Ursus maritimus) (Lee et al.
1977; Schroeder 1987; Hubert et al. 1997). Grizzly bears had higher N:L ratios, as well as
increased concentrations of Na and Cl that were attributed to dehydration due to water
deprivation over 2-23 hours of captivity in snares and this was probably aggravated by intense
activity (Cattet et al. 2003). Increased CK, PCV, ALB, Na, TP and Cl in treadle-snare when
compared to cage trapped foxes appears consistent with these profiles and is suggestive of
dehydration due to intense activity in red foxes.
Why do treadle-snares cause a greater physiological response?
Treadle-snares require adequate clearance from obstacles to allow the mechanism to function
without obstruction, whereas VSC traps could be placed closer to or beneath overhanging
vegetation. Treadle-snares were tethered to a solid fixture by 2 m lengths of snare cable and
chain, in contrast to 0.5 m chains that were used to anchor the VSC traps. The snaring
mechanism allow the fox’s foot to remain in contact with the ground, so that they have the
ability to run or leap to the end of the snare tether where they are brought to a sudden stop,
while in VSC traps their coordinated movement appears to be impaired (C.A. Marks, personal
observations). Many predators have evolved an ability to accelerate at greater rates than prey
species, so that a short and efficient chase allows the predator to capture the prey without
reaching top speed (McNeil-Alexander 2006). For example, racing greyhounds reach
maximal horizontal acceleration of 15 m s-1 and can do so from a standing start in the first
two strides (Williams et al. 2007). Being pulled to a sudden stop at higher speed may be
associated with greater muscle damage, similar to the case hypothesised for Aldridge snares
(Powell 2005) where constant tugging by bears captured in snares caused fractures, muscle,
tendon, nerve and joint injury (Lemieux et al. 2006).
Traps have a wide range of moving parts with attachments, chains and mechanisms that
produce a varying amount of sound when activated and resisted by captive animals. Loud
noises were shown to be aversive to domestic dogs and affected gastric motility and hormone
release (Gue et al. 1989), activity and behaviour (King et al. 2003). Noise is an important
stressor that affects the welfare of captive laboratory animals (Jain et al. 2003). In a forest
habitat, ambient noise levels ranged from 40 – 70 dB and in savannah habitats it was 20 – 36
dB (Waser et al. 1986). However, the sound of metal on metal during cage cleaning in a
laboratory was measured to be 80 dB and had a wide spectrum of harmonics that were rich in
different frequencies (Morgan et al. 2007). Noise made by the capture device may compound
stress experienced by the captured animal and contribute to the initial startle responses.
When inspecting fox trap lines that also used Victor Soft-Catch #3 traps, treadle-snares
holding foxes were heard up to 50 m away by a characteristic ‘metal against metal’ sound of
the treadle plate, the chain moving through the eye of the main spring and the sound of the
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device hitting hard surfaces. In contrast, Victor Soft-Catch #3 traps appeared to make far less
sound if they were tethered on a short chain and fox captures could not be heard until a close
approach was made to the trap site (C.A. Marks, personal observations). Post-capture noise
stressors could be hypothesised as a possible contributing reason why comparative blood
biochemistry values for foxes trapped in treadle-snares and Victor Soft-Catch traps differed
significantly.
By reducing the length of snare anchoring cables used for bears it was suggested that
dehydration and muscle injury could be reduced (Cattet et al. 2003). Traps and snares can
also be attached to a movable object that produces less resistance than pulling at a fixed cable
and this may also permit animals to seek shelter (Kirkwood 2005), yet Englund (1982)
reported that 13% of foxes held in leg-hold snares moved the drag more than 500 m from
point of capture and could avoid detection. Foxes also may become tangled in snares and trap
cables more easily when drags are used and this may be responsible for increased incidence
of fractures and dislocations (Linhart et al. 1988; Logan et al. 1999; Powell 2005).
Fate of foxes after release
No deaths or debilitation following the release of foxes recovered by any live capture method
were detected in radio-collared adult foxes (Marks and Bloomfield 2006) and cubs (Robinson
and Marks 2000), which were frequently observed for up to two years. Of these, 13/20 adults
had been captured by treadle-snares and no obvious diminished mobility was seen after
release (C.A. Marks unpublished data) nor were injuries related to prior trapping seen upon
later recovery (Marks and Bloomfield 1999b). Bubella et al. (1998) radio-collared and
observed 40 red foxes that had been captured with treadle-snares in an alpine habitat.
Treadle-snares had been inspected each morning and periods of captivity of up to 12 hours
were likely as captures predominantly occurred at night. Recovered foxes had signs of
oedema and skin abrasions, yet no deaths or debilitation, deformation of limbs or limping was
observed in the two years of the study. Nine foxes that were later recaptured showed no sign
of having been trapped previously (Bubella et al. 1998). Foxes appear to recover from the
stress associated with treadle-snare captures for up to 12 hours and their survival does not
appear to be compromised. Longer periods confined to leg-hold traps are thought to be
associated with correspondingly larger exertion, struggling, injury and death (Powell et al.
2003). The level of physiological response that might be indicative of chronic debilitation in
foxes after capture remains speculative.
Animal welfare implications
Scoring injuries and monitoring survival may discern relative differences in extreme welfare
outcomes. However, injury and death are end-points of poor welfare and monitoring trapping
stress using physiological indicators allows the relative impact of different recovery
techniques to be compared and the potential for pathological states to be predicted. Treadlesnares are unlikely to produce similar welfare outcomes to the VSC #3 trap as elevated N:L
ratios, CK values and profiles indicative of dehydration suggest that treadle-snares were the
most stressful of the live recovery techniques used. Different pest control and wildlife
management techniques might vary greatly in the magnitude and nature of stress they produce
and physiological indicators may be highly informative for qualifying and ranking relative
welfare states. Blood normals, especially those obtained post mortem or after restraint, are
susceptible to variations caused by the collection techniques. Establishing blood normals that
provide a good benchmark for free-ranging canids is an important step in developing the
capacity to use physiological indicators to investigate comparative welfare states.
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Table 1. Mean haematology and blood biochemistry values with standard error (SE) and
standard deviation (SD) for foxes recovered using cage traps (C), netting (N), shooting (S),
treadle-snares (T) and Victor Soft-Catch #3 traps (VSC). The level of significant difference
from multiple comparisons using the Least Significant Difference (LSD) test is given at two
probability (P) levels.
unit
g/L-1

T

n

mean

C
8
104
N
17
116
S
11
125
T
45
152
V
7
135
Neutrophil:Lymphocytes
N:L
ratio
C
8
4.0
N
17
2.3
S
11
5.4
T
45
22.0
V
7
5.9
Packed cell volume
PCV
%
C
8
35.2
N
17
37.3
S
11
39.6
T
45
48.9
V
7
42.1
-1
-6
Red cell count
RCC
μL x 10
C
8
8.3
N
17
8.9
S
11
9.0
T
45
11.3
V
7
10.13
White cell count
WCC
μL-1 x 10-3
C
8
9.03
N
17
6.1
S
11
3.8
T
45
12.3
V
7
5.7
Albumin
ALB
g dL-1
C
8
2.6
N
17
2.7
S
11
2.7
T
45
3.4
V
7
3.0
Chloride
Cl
mmol/L-1
C
8
109.3
N
17
114.3
S
11
113.4
T
45
116.7
V
7
116.0
Creatine kinase
CK
log IU/L-1
C
8
6.3
N
17
6.2
S
11
6.3
T
45
9.5
V
7
7.7
Glucose
Gl
C
8
6.0
N
17
7.6
S
11
7.5
T
45
3.5
V
7
6.5
Potassium
K
mmol/L-1
C
8
4.7
N
17
4.4
S
11
5.9
T
45
4.7
V
7
5.1
-1
Protein (total)
TP
g/dL
C
8
5.0
N
17
5.4
S
11
5.3
T
45
6.6
V
7
5.9
Sodium
Na
mmol/L-1
C
8
139
N
17
141.6
S
11
144.9
T
45
149.0
V
7
144.8
1
White et al. (1991), 2Kreeger et al. (1990a), 3Benn et al. (1986), 4Kreeger (1990b)
Haemoglobin

Hb

SE
3.7
6.4
7.4
2.8
4.6
1.4
0.4
2.1
2.8
1.9
0.25
1.6
2.2
0.87
1.0
0.31
0.41
0.54
0.2
0.24
1.5
0.9
1.1
0.8
1.4
0.1
0.1
0.1
0.7
0.1
1.4
0.8
1.1
0.6
2.1
0.33
0.33
0.21
0.13
0.76
0.4
0.8
1.0
0.3
1.6
0.2
0.1
0.3
0.1
0.2
0.2
0.2
0.2
0.1
0.3
1.1
1.0
0.9
0.7
0.9

SD
10
26
25
19
12
4.0
1.6
7.0
18.8
5.0
0.7
6.6
7.3
5.8
2.6
0.9
1.7
1.8
1.3
0.6
4.2
3.7
3.6
5.4
3.7
0.3
0.4
0.4
0.5
0.2
4.0
3.3
3.6
4.0
5.6
0.9
1.4
0.7
0.9
2.0
0.7
2.7
2.8
2.1
3.6
0.6
0.4
1.0
0.7
0.5
0.5
0.9
0.7
0.7
0.7
3.1
4.1
3.0
4.7
2.4

P
< 0.05
T
S,T
N
C,N

N
C,V

N
N
C

< 0.01
S
C

T
T
T
V,C,N,S
T
S,T,V
T
C,T
C,N,S
C
S,T
T
C,T
S,V,C,N
T

S,T

V
S
T
V

T
T
C,N,S,V
T
T
T
T
V,C,N,S
T
T

C
N

N
T,V
T,V
V,T
C,N,S,V
C,S,N,T

C,N,S,V

T,V
N
N
V

V
C,T
V
T
V

S
S
S,N,T,V
S
T
T
T
T
C,N,S
V,S,T
S,T
N,C
S,C,N
C,T
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Table 2. Published mean haematology and blood biochemistry values with standard error
(SE) and standard deviation (SD) taken after red foxes were held in cage (C) or Victor SoftCatch #1 ½ (VSC) traps for known times in hours (h) or samples taken from shot (S) foxes,
captive populations (Norm) and immediately prior to surgery (PRS) and eight hours postsurgery (POS).

1

unit

Group

n

H

mean

SE

SD

C1
Norm3
PRS4
C1
S2
VSC2
VSC2
Norm3
C1
S2
VSC2
VSC2
Norm3
PRS4
C1
S2
VSC2
VSC2
Norm3
PRS4
C1
S2
VSC2
VSC2
Norm3
PSR4
POS4
C1
S2
VSC2
VSC2
Norm3
PRS4
C1
S2
VSC2
VSC2
Norm3
PRS4
POS4
Norm3
C1
S2
VSC2
VSC2
Norm3
PSR4
C1
S2
VSC2
VSC2
Norm3

10
30
20
10
19
6
4
30
10
20
6
9
30
10
10
20
6
4
30
20
10
20
6
4
30
10
10
10
6
5
23
30
20
10
23
6
5
30
10
10
30
10
23
6
5
30
10
10
23
6
5
30

8
8
2
8
8
8
2
8
8
2
8
8
8
2
8
8
2
8
8
8
2
8
8
2
8
-

136
170
155
10.4
2.1
10.5
25.1
0.9
42.8
50.2
44.2
46.7
48.0
48.1
9.4
11.6
10.9
11.8
10.8
11.6
7.1
3.4
4.2
7.8
9.3
7.6
11.7
3.0
3.1
3.1
2.9
2.9
3.4
7.3
6.6
6.9
10.8
1.9
2.6
3.6
7.6
4.6
4.8
5.3
5.1
6.5
5.4
150.4
144.4
157.3
138.6
156

7.0
2.6
2.0
0.7
0.6
1.5
1.8
0.2
2.6
1.5
2.9
5.3
0.7
0.4
0.6
0.3
0.6
0.9
0.1
0.1
1.1
0.4
1.0
1.9
0.4
0.6
0.7
0.1
0.1
0.1
0.1
0.7
0.1
0.2
0.3
0.4
0.3
0.2
2.0
2.8

22.1
14.2
8.9
2.2
2.6
3.7
3.6
1.1
8.2
6.7
7.1
15.9
4.0
1.3
1.9
1.3
1.5
1.8
0.5
0.4
3.5
1.8
2.4
3.8
2.2
1.9
2.2
0.3
0.2
0.2
0.5
3.8
0.4
0.6
1.4
1.0
0.7
1.1
6.3
8.9
1.1
0.3
1.0
0.7
0.4
0.5
0.3
4.4
11.0
3.9
10.3
4.4

Haemoglobin

Hb

g/L-1

Neutrophil:Lymphocytes

N:L

ratio

Packed Cell Volume

PCV

%

Red cell count

RCC

μL-1 x 10-6

White cell count

WCC

μL-1 x 10-3

Albumin

ALB

g dL-1

Creatine kinase

CK

log IU/L-1

Glucose
Protein (total)

Gl
TP

g/dL-1

Sodium

Na

mmol/L-1

0.1
0.2
0.3
0.2
0.1
0.1
1.4
2.3
1.6
4.6
0.8

White et al. (1991), 2Kreeger et al. (1990a), 3Benn et al. (1986), 4Kreeger (1990b)
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APPENDIX 2.0
Table 1: Steel-jawed (non-padded) trap type, size and manufacturer (Note: list is nonextensive).
DUKE TRAPS
# 1 Coil Spring
# 1 Coil Spring, Double Jaw
# 1½ Coil Spring
# 1¾ Coil Spring
# 2 Coil Spring
# 2 Coil Spring, Off-set
# 3 Coil Spring
# 3 Coil Spring, Off-set
# 1 Long Spring
# 1 Long Spring, D. Jaw
# 1 Long Spring, Guard Trap
# 11 Long Spring
# 11 Long Spring, D. Jaw
# 6 Bear Trap
# 15 Bear Trap
SLEEPY CREEK TRAPS
# 1 Long Spring
# 1½ Long Spring
# 11 Long Spring
# 11 Long Spring, Double Jaw
# 11 Long Spring, Adj. pan
# 11 Long Spring, Adj. pan, D. Jaw.
# 2 Long Spring
# 1 Coil Spring
# 1 Coil Spring, Double Jaw
# 1½ Coil Spring
# 1½ Coil Spring, Off-set
# 1¾ Coil Spring
# 1¾ Coil Spring, Off-set
MINNESOTA BRAND
MB-650 - Standard
MB-650 - Outside Laminated
MB-650 - Inside Laminated
MB-650-C - Cast Jaws
MB-750 - Beaver
MB-750 - Beaver, Laminated
MB-750 - Beaver, Off-set
MB-750 - Off-set, Laminated
MB-750-Wolf/Lion, ¼" Off-set
MB-750-Wolf/Lion, 3/8" Off-set

BRIDGER TRAPS
# 1 Long Spring
# 1 Sure Grip
# 11 Long Spring
# 5 Long Spring
# 5 Long Spring, Laminated
# 1 Coil Spring
# 1.65 Coil Spring
# 1.65 Coil Spring, Off-set
# 1.65 Coil Spring, Laminated
# 1.65 Coil Spring, Laminated, Off-set
# 2 Coil Spring
# 2 Coil Spring, Off-set
# 2 Coil Spring, Laminated
# 2 Coil Spring, Laminated, Off-set
# 3 Coil Spring
# 3 Coil Spring, Off-set
# 3 Coil Spring, Laminated, Off-set
# 3 Coil Spring, Laminated
# 5 Coil Spring, Round Jaw
# 5 Coil Spring, Round Jaw., Off-set
# 5 Coil Spring, Laminated
# 5 Coil Spring, Laminated, Off-set
BLAKE AND LAMB TRAPS
# 1 Long Spring
# 1 Long Spring
# 1½ Long Spring
# 2 Long Spring
# 2½ Long Spring
# 3 Long Spring
# 1½ Coil Spring
BUTERA TRAPS - BMI
# 1.5 Coil Spring, 2 coil
# 1.75 Coil Spring, 2 coil
# 1.75 K-9 Wolfer, 2 coil
# 1.75 4x4, Off-set
# 2 K-9 Wolfer, 4 coil
# 2 Coil Spring, 2 coil
# 3 Coil Spring
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Table 1 (cont): Steel-jawed (non-padded) trap type, size and manufacturer (Note: list is nonextensive).
VICTOR TRAPS
# 0 Long Spring
# 1 Long Spring
# 1 VG Stoploss
# 1½ VG Stoploss
# 11 Long Spring
# 1½ Long Spring
# 2 Long Spring
# 3 Long Spring
# 3 Long Spring, Off-set
STERLING
MJ 600 Coyote Trap
# 4 Long Spring
# 1 Coil Spring, Single
# 1 Coil Spring, Double
# 1½ Coil Spring
# 1.75 Regular Coil Spring
# 1.75 Coil Spring, Off-set
# 1.75 Coil Spring, 4x4
# 2 Coil Spring, Round Jaw
# 3 Coil Spring, Round Jaw
# 3 Coil Spring, Off-set
# 3 Coil Spring, Square Jaw
JUMP TRAPS, VICTOR AND BLAKE AND LAMB
Victor # 1 Jump Trap
Victor # 1½ Jump Trap
Blake and Lamb # 3 Jump Trap
Victor # 4 Jump Trap

NORTHWOOD TRAPS
# 1 Coil Spring
# 1¾ Coil Spring, Rd J.
# 2 Coil Spring, Sq. Jaw
# 3 Coil Spring, Sq. Jaw
# 11 Long Spring
# 2½ 2 Long Spring
# 2½ Long Spring, Off-set
ALASKAN
No. 9, Off-set
F.C. TAYLOR
# 2 Coil Spring
# 4 Long Spring
# 4 long Spring Off-set
C.D.R. 7.5 Beaver Trap
Standard
Inside laminated
Outside laminated
COYOTE CUFF
# 22
# 33
MONTGOMERY TRAPS
# 1½ Round Jaw
# 1½ Dogless
# 2 Round Jaw
# 2 Dogless
# 4 Dog on, Reg. Jaw
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Table 2: Padded steel-jawed trap type, size and manufacturer commonly referred to in
scientific literature (Note: list is non-extensive).
PADDED TRAPS
LANES
Paws

JAKES (J.C. Conner)
Jake trap - padded

LIVESTOCK PROTECTION COMPANY
# 3½ EZ Grip

DUKE TRAPS
# 1½ Coil Spring
# 3 Coil spring

BRAUN
Padded Jawed Wolf Trap

ONEIDA VICTOR INC. LTD.
# 1 Coil Spring
# 2 Coil Spring
# 3 Coil Spring

BUTERA TRAPS – BMI
# 1½ Coil Spring
# 2 Coil Spring

Table 3 Leg-hold and neck snares and manufacturer commonly referred to in scientific
literature (Note: list is non-extensive).
FOOTHOLD SNARES
ALDRIDGE TRAP/SNARE

GLENBOURN MOTORS
Treadle-snare

UNKNOWN MANUFACTURER
RL04 trap/snare
Ezyonem foot-snare
Rose leg cuff
L83 trap/snare
Goodwin humane leg-hold trap

WILDLIFE SERVICES
WS-T Turman snare
GREEN MOUNTAIN INC
Collarum neck snare/restraint
E.R. STEELE PRODUCTS
Novak Foot-snare
FREEMONT HUMANE TRAPS
Fremont foot-snare
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APPENDIX 3:
Trapping practices used for canid research in Australia
The following details the devices and summarises the trapping methods reported during
wildlife research studies in Australia (as discussed in Chapter 7).
Table 1. Trap type (TS = treadle snare, VSC = Victor Soft-Catch), size and modification (P =
padded) for Australian research studies that have used leg-hold traps for the recovery of wild
dogs (D), red foxes (F) or feral cats (C). The number of foxes captured (Nc), radio-collared
(Nr), those that received major injuries due to capture (Ni), the number that exhibited
abnormal behaviour after release (Nab), and mortality associated with trapping injuries
subsequent to release (Nm). (NS = not stated).
TRAP

SIZE

Lane’s
Oneida
Lane’s
Lane’s
Oneida
Lane’s
TS
Lane’s
Lane’s ?
Lane’s
TS
VSC
TS
VSC
TS
TS
TS/VSC
VSC
VSC
TS/VSC
TS/VSC
VSC
TS/VSC

NS
#14
NS
NS
#14

NS
NS
NS
NA
#3
NA
#3
NA
NA
#3
#3
1 1/2
#3
#3
NS
#3

MOD

P
P

P
P

TS

INSPECTION

Nc

Nr

Ni

Nab

Nm

D
D
D
D
D
D/F
D/F
D
F
D
F
F
F
D
D
F
F
F
F/C
F
D
F
F

§D
§D
NS
D
§D
§48h
§48h
NS
NS
NS
NS
D
D
D
D
D
< 4 hours
D

95
51
13
15
9
73
71
160
6
205
6
28
7
11
7
71
125
21
1
21
20

11
9
NA
6

NA
NA
NA
NA
40
18
1
21
0

0
0
NS
12
0
0
0

20

20

NS
NS
NS
NS
NS
23
4
NS
NS
54
NS
3
0
0
0
3
3
NS
NA
0
0
0
0

0
0
0
2
0
0
0
4?
0
0
0
0

< 4 hours
D
D
< 4 hours

0
0
0
0

AUTHORITY
Newsome et al. 1983
Newsome et al. 1983
Corbett 1974
Harden et al. 1985
McIlroy et al. 1986
Stevens and Brown 1987
Stevens and Brown 1987
Jones and Stevens 1988
Phillips and Catling 1991
Thomson 1992
Coman et al. 1991
Meek et al. 1995
Meek et al. 1995
Meek et al. 1995
Meek et al. 1995
Bubella et al. 1998
Marks and Bloomfield (1998, 1999b)
Meek and Saunders 2000
Molsher 2001
Robinson and Marks 2001
Marks et al. 2004
White et al. 2006
Marks and Bloomfield 2006

Wild dogs
Newsome et al. (1983) used Lane’s steel traps (Stockbrands Pty Ltd: Western Australia) and
lighter Oneida No. 14 steel jump-traps (Victor Oneida Co.: U.S.A.). Traps were mostly
checked daily but not always if trap-lines were long, in remote and rugged country, or where
access was impeded by heavy snow. Traps were set on fauna trails, forestry roads, and creek
crossings, were dingoes had urinated or defecated, and where dingoes had killed livestock.
Trap-sites were mostly baited with lures or carcasses to attract dingoes. Most lures included
dog or dingo faeces, urine or both, and sometimes the contents of the lower intestines of
trapped dingoes. Traps were set up to a metre away from main trails or wheel tracks to try to
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avoid catching non-target species, set with dingo scats along fire trails, ridge tops and creeks,
and inspected at least daily (Harden et al. 1985). McIlroy et al. (1986) used modified Oneida
No. 14 jump traps set along fire trails, at sites where dogs were likely to urinate or defecate.
Each trap was attached to a steel post in the ground by a short chain and a coil spring. Jones
and Stevens (1988) analysed 160 dingo carcasses that were trapped with Lane’s steel-jawed
traps for their reproductive status, but no details of trapping methods, injuries or non-target
captures are given. Marks et al. (2004) trapped dingoes with modified #3 Victor Soft-Catch®
leg-hold traps (Woodstream Corporation, Lititz, PA, USA). Trap modifications included: #11
PIT Pan Tension Kit; #4 Montgomery coil springs; D-ring base plate; 1.2m chain containing
double swivels and a #19 PIT Cushion Spring attached midway on the chain (Minnesota
Trapline Company). Trap sites were lured with either a commercial canid attractant (Canine
Call, Magna Glan or Final Touch: Minnesota Trapline Company) or with fermented meat
preparations.
Red foxes
Phillips and Catling (1991) used steel leg-hold traps with padded jaws to capture six foxes in
the southern portion of Nadgee Nature Reserve in south-eastern Australia. Foxes were radiocollared and monitored for 13-35 days. Coman et al. (1991) radio-collared six foxes after
capture using treadle-snares and monitored them for up to two months. Neither of these
studies record trapping injuries or non-target captures. Meek et al. (1995) used Victor SoftCatch traps and treadle-snares to catch foxes and dogs. Traps were usually set in groups of
two or three around a carcass or along roadsides and fire tracks, or were set without using
lures, in the furrows made by car tyres along sandy bush tracks. All traps were checked early
each morning. Lures consisted of beef pieces, road-kill macropod carcasses, fox urine and
synthetic fermented egg (SFE). Treadle-snares were used by Bubela et al. (1998) in snowcovered habitat and most (81%) were set on baits - usually whole or half rabbit carcasses
tethered to a stake or a bush. Whole road-killed kangaroo, wallaby, wombat and sheep
carcasses were used. Snares were generally paired, and on large (kangaroo and sheep)
carcasses, up to five snares were set. Baits were covered with clumps of snow grass to avoid
attracting ravens. Some snares (19%) were also set on walking or animal tracks that showed
signs of red fox activity. Snares were checked every morning immediately following dawn.
Forty individuals were fitted with two-stage radio-transmitters and radio-tracked for an
average of seven months. Marks and Bloomfield (1998, 1999b, 2006) and Robinson and
Marks (2001) trapped foxes at six field sites in metropolitan Melbourne using the treadlesnare (Stevens and Brown, 1987; Meek et al., 1995) as the predominant capture device,
although the #3 Victor Soft-Catch traps were occasionally used with a small number of cage
traps. Traps were generally set alongside known fox trails beneath fences or gates, along
culverts or outside natal dens and diurnal shelter sites. When it was necessary to position traps
in relatively open areas, the trap site was baited with chicken carcasses or a fish-based cat
food. Traps were inspected at least every four hours during the evening, were monitored with
wireless microphones or trap monitoring transmitters (C.A. Marks, unpublished data) and
covered during the day and uncovered at 2000 hrs. Radio-collars were attached to a sample of
foxes and 20 individuals were tracked to obtain home range and diurnal shelter positions.
Another 21 cubs were radio-collared and, of these, 14 cubs were located at, or after three
months, for up to two years (Robinson and Marks 2001). Meek and Saunders (2000) trapped
21 foxes using #3 Victor Soft-Catch Traps. Kay et al. (2000) used Victor Soft-Catch size
#1½ trap tethered to a 50-cm steel peg that was driven into the ground beneath the trap. The
traps were set at irregular intervals along fire trails and farm roads and baited with either meat
(rabbit, sheep, and kangaroo) or lure (fox urine, fox faeces, synthetic fermented egg), or both.
Multiple trap sets of 2–6 traps were occasionally established around animal carcasses (sheep
or kangaroo). Traps were checked for captures each morning and, if necessary, were reset
each afternoon. White et al. (2006) trapped 9 foxes using Victor Soft-Catch traps (size not
specified) (Woodstream Corporation, Lititz, USA), set just below ground level and tethered to
a peg. The traps were set along tracks, against fallen trees and fence posts and at other
locations considered suitable for capturing foxes. Trap sets were baited with chicken, beef or
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salami baits or anal gland or tuna oil lures, or a combination of both, set in the late afternoon
and deactivated in the morning. Each fox was fitted with a radio-tracking collar after trapping
and all were checked again during the evening and were watched moving throughout their
home range to ensure that they had fully recovered. The ranging behaviour of foxes was
determined from nine individuals. Molsher (2001) used Victor #1½ Soft-Catch traps to
capture cats; trap sites were chosen to minimise capture of non-target species by setting under
bushes, beside vehicle tracks, beside logs, on animal runways and at rabbit warrens. Traps
were set just below ground level and tethered to a stake. They were most commonly set at the
entrance to fallen hollow logs so as to provide cover for the trapped individual and also to
allow the bait to be hidden from view of non-target bird species. The bait at leg-hold traps
was tethered on wire (usually to the log) and positioned approximately 10–15 cm behind (i.e.
furthest from the approaching cat) the plate of the trap.
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How the United States Was Able to Dodge International Reforms
Designed to Make Wildlife Trapping Less Cruel
Tara Zuardo

1.

Introduction

Each year in the United States, more than 6 million animals are trapped in the wild for
their fur, primarily with steel-jaw leghold traps, body-gripping kill traps, and strangling
neck snares.1 Although factors such as reduced domestic demand for fur, plummeting pelt
prices, and increased public pushback have led to a decline in commercial trapping over the past
several decades, the United States continues to be among the world’s leaders in the number
of wild animals trapped for their fur.
Raccoons, coyotes, muskrats, beavers, red foxes, bobcats, and mink are among the
most commonly trapped species.2 However, official reports are mere estimates (using
known data to extrapolate more broadly) and fail to include all animals who are actually
trapped. Many unreported nontarget animals fall victim to steel-jaw traps and Conibear traps,3
including dogs, cats, deer, and birds, as well as threatened and endangered species.4 Moreover,
many wild species, particularly predators such as coyotes, are trapped and killed for wildlife
damage management because they are deemed “nuisance” animals.5 Kills by governmentTara Zuardo, tara@awionline.org, Wildlife Attorney, Animal Welfare Institute. The author would like to
thank Cathy Liss, DJ Schubert, Dave Tilford, Camilla Fox and Professor Jeffrey B. Hyman, Ph.D., J.D. for their
assistance.
1
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https://awionline.org/awi-quarterly/2016-spring/caught-mistake-pets-suffer-serious-steel-jaw-leghold-trap-injuries.
2
Ass’n of Fish & Wildlife Agencies, Trap Use Report (2015), available at
http://www.fishwildlife.org/files/AFWA_Trap_Use_Report_2015_ed_2016_02_29.pdf.
3
See, e.g., Christina M. Russo, “Antiquated” Trapping Laws Can Inflict Torture on Wildlife…And Family Pets, THE
DODO (March 25, 2015), https://www.thedodo.com/wyoming-trapping-laws-1058977987.html.
4
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Performance Criteria, Techniques, and Common Sense, 44 ILAR J. no. 4, 259 (2003); Thomas N. Tomsa & James
E. Forbes, FOURTH EASTERN WILDLIFE DAMAGE CONTROL CONFERENCE, Coyote Depredation Control in New York
– An Integrated Approach (Sept. 25 1989),
http://digitalcommons.unl.edu/cgi/viewcontent.cgi?article=1039&context=ewdcc4; Gary R. Bortolotti, Trap and
Poison Mortality of Golden and Bald Eagles, 48 J. WILDLIFE MGMT. no. 4, 1173 (1984).
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See, e.g., United States Department of Agriculture Animal and Plant Health Inspection Service, Resolving
Wildlife Damage to Protect People, Agriculture and Wildlife (2012) (referring to actions targeting “nuisance”
animals), https://www.aphis.usda.gov/wildlife_damage/informational_notebooks/2012/Section_1_combined.pdf;
Indiana Department of Natural Resources, Nuisance Wildlife, http://www.in.gov/dnr/fishwild/2351.htm (last visited
March 31, 2017).
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sanctioned trappers are supposed to be reported and eventually made public by the US
Department of Agriculture’s Wildlife Services program. Other animals may be trapped and
killed by ranchers or trappers who act on their behalf because the animals are deemed a threat to
livestock.6 Approximately 250,000 people are employed by the pest control and nuisance
wildlife control industries (although they are may be employing methods other than trapping).7
The vast majority of trappers are engaged in some trapping of so-called nuisance animals.
Because few states require trappers to report nontarget animals caught in traps,8 we do not know
the total number of animals trapped and killed each year in the United States beyond the number
reported to state wildlife agencies by licensed commercial and recreational trappers and the
number reported by federal trappers with Wildlife Services. What we do know is that millions of
animals continue to be killed, maimed, and made to suffer unnecessarily in cruel traps for the
domestic and overseas fur trade and for the purpose of conducting “wildlife damage control” and
eradicating “nuisance” wildlife.
This article examines the impediments to trapping reforms at the state level, as well as
nationally and internationally. Section 2 provides a brief overview of wildlife trapping
regulations and the traps most commonly used in the United States. Section 3 discusses the
United States’ response to the European Union’s trapping reform legislation and how this
response creates an impediment to future trapping reforms domestically. Section 4 examines the
underlying cultural and legal sources of resistance to trapping reforms in the United States in
particular. Section 5 summarizes the various efforts that have been directed at reforming trapping
laws in the United States, and suggests efforts to overcome the resistance to further trapping
reforms in the United States and internationally. Final thoughts are offered in Section 6.
2.

Regulation of wildlife trapping in the United States

Trapping is predominantly regulated at the state level,9 and regulations vary greatly depending
on the state.10 For example, states such as Nevada and Louisiana have very few restrictions on
trapping, while others, such as Colorado and Arizona, feature more complex regulations.11
2.1 Steel-jaw traps
Steel-jaw traps operate in the same manner as those brought from Europe to North America more
than 300 years ago.12 When the trap is activated, steel jaws clamp together with bone-crushing
6

Camilla H. Fox, Wildlife Control: Out of Control, 35 ANIMAL ISSUES no. 2, 15 (2004); Camilla H. Fox, Analysis of
the Marin County Strategic Plan for Protection of Livestock & Wildlife: An Alternative to Traditional Predator
Control (2008) (unpublished thesis, Prescott College); Michael Robinson, Predatory Bureaucracy: The
Extermination of Wolves and the Transformation of the West (2005) (on file with the University Press of Colorado).
7
Minutes of the Agreement on International Humane Trapping Standards Joint Management Committee Meeting,
Edmonston, Alberta, Canada, Oct 4-5, 2011, p. 14: http://www.fishwildlife.org/files/2011JMCReport.pdf.
8
ANIMAL PROTECTION INST., CULL OF THE WILD: A CONTEMPORARY ANALYSIS OF WILDLIFE TRAPPING IN THE
UNITED STATES (Camilla H. Fox & Christopher M. Papouchis eds. 2004).
9
Id. at 71.
10
Id.
11
Id.
12
RICHARD GERSTELL, THE STEEL TRAP IN NORTH AMERICA (1985) (Stackpole Books).
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force on the limb of the animal. The traps come in a wide array of sizes, and utilize one or two
long or paired coil springs. Some may have extra coil springs added (a “beefer kit”) or an extra
set of jaws (“double-jawed”). The steel-jaw trap often used on muskrat is called a “stop-loss”
trap and has an auxiliary arm that is intended to hold the animals away from their trapped limbs
so that they are unable to chew them off to escape. This self-mutilating behavior is called
“wring-off” by trappers. An enclosed style of steel-jaw trap, also called a foot-encapsulating trap
or a dog-proof trap, is used on raccoons to prevent wring-off. The front feet of raccoons are
hypersensitive, yet they will commonly chew them off to escape from steel-jaw traps. Using a
steel-jaw trap in an enclosure merely prevents the raccoon from accessing the limb close to the
trap to chew it off; it does not reduce the pain. One particularly grim account of the suffering of
an animal during trap testing describes a raccoon who had nearly amputated his leg to get out of
an enclosed steel-jaw trap by chewing at his limb near the shoulder, as that was the only portion
he could access.13 This trap modification and others are described further below.
A few states have banned or restricted the use of steel-jaw traps for commercial and/or
recreational trapping under some circumstances.14 Five of these banned steel-jaw traps via voter
initiatives: Arizona in 1994 (ban on trapping on public lands), Colorado and Massachusetts in
1996, California in 1998, and Washington in 2000.15 Two states banned or strongly restricted the
use of steel-jaw traps through legislation. Rhode Island enacted a law in 1977 banning the use of
steel-jaw traps except under permit for “animal damage control.” New Jersey followed suit in
1984, with stronger legislation banning the use, manufacture, sale, import, transport, and
possession of steel-jaw traps.16 In 1972, Florida became the only state to restrict the use of steeljaw traps through the administrative process, by mandating that padded steel-jaw traps are
allowed only under permit for “animal damage control.” In 1999, Hawaii—although it contains
no commercially targeted furbearers—banned all forms of trapping.17
A number of states have implemented regulations placing some limits on steel-jaw traps. For
example, several states have placed an upper limit on the size of steel-jaw traps used on land
and/or in water.18 Several states have disallowed the use of steel-jaw traps with teeth or

13

George F. Hubert, Jr. et al., Evaluation of Two Restraining Traps to Capture Raccoons, 24 WILDLIFE SOC’Y
BULL., no. 4, 1996, 699–708.
14
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15
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16
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ANIMAL L. 135 (2003), available at https://www.animallaw.info/sites/default/files/lralvol9_p136.pdf.
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serrations; however, such traps are still allowed in a significant number of states.19 Although
some wildlife managers claim that padded steel-jaw traps are more humane than traps without
this modification, only a few states specifically mandate the use of padded steel-jaw traps in
some circumstances in lieu of non-padded steel-jaw traps.20 In addition, a national survey
indicated that less than three percent of steel-jaw traps used by US trappers were padded.21 A
number of states mandate the use of “offset jaws” (jaws that leave a small gap when closed)
when steel-jaw traps are used in water or land sets.22 The small gap between the jaws (typically
3/16 inch) ostensibly allows small nontarget animals to escape and reduces trap injuries in larger
animals.23
In June 2015, the New Jersey Fish and Game Council voted to legalize enclosed steel-jaw
traps through a rulemaking process, calling them "enclosed foothold traps” in an attempt to
circumvent the state’s 31-year ban on steel-jaw traps.24 As described earlier, enclosed traps
operate in the same manner as the banned steel-jaw traps; they merely encapsulate the jaws in
plastic or metal and the trap is tripped by the animal pulling up on the trigger rather than
depressing it. While the traps in question are intended for raccoons, opossums are taken as
Tennessee. Information about the details of these state laws, and other state laws mentioned in these notes, is on file
with the authors.
19
Nineteen states allow the use of teeth or serrations in land sets of steel-jaw traps. Twenty-six states allow the use
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North Dakota, South Carolina, South Dakota, Texas, Utah, and Wyoming. States that have not banned the use of
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permit for human health/safety, endangered species protection, wildlife research, and animal damage control”)..
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22
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incidental catch. The enclosure is meant to prevent the trapped animal from chewing off his or
her foot to escape, and the pull trigger is meant to prevent dogs from being caught. Nonetheless,
the 60-pound clamping force is strong enough to inflict severe trauma and pain and restrict blood
flow, and domestic cats are among the trap’s potential nontarget victims.25
2.2 Conibear traps
Conibear traps are kill or body-gripping traps composed of two metal rectangles with a scissorlike hinge in the center, with one or two springs. When the device is tripped, the rectangles
clamp together with tremendous force on the neck and/or torso of an animal. The springs are so
strong, a setting tool is needed to open the device; family members’ efforts to rescue trapped
companion animals are futile. Such traps are restricted in a number of states because of the
lethal danger posed to nontarget animals, particularly domestic dogs and cats.26
2.3 Snares
Snares are wire nooses that most often are set to strangle an animal to death. The traps can
operate in a manner that uses the animal’s movement to draw the loop tight, or they can employ
some form of spring mechanism to do so. While some states regulate and restrict the use of
snares, others ban strangling snares outright due to their indiscriminate and lethal nature. Some
of the various restrictions placed on snares include requiring the use of “locks” or “stops,” which
prevent the snare from closing beyond a set diameter, thereby making it a restraining rather than
a killing trap; another is to require a “breakaway” device to allow animals of a particular size to
escape. Few states differentiate between neck, body, and foot (leg) snares.27 Death in killing
snares is brutal and can take an extended period, particularly for canids who have thick
musculature along the neck. The canids suffer severe edema, with the animal’s neck and head
swelling terribly, a condition commonly referred to as “jelly head.”28
2.4 Cage/Box traps
Cage or box traps are designed to allow an animal to enter an enclosure, trip the device, and
remain contained inside it. There are a variety of such traps. The log box trap is used on larger
species in Canada and is likely the least cruel trap. It is a very large box made almost entirely of
logs from native trees. The captured animal is sheltered instead of being held brutally by an
appendage, and, because there are no metal bars, animals will not break their teeth trying to
25

See id.
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ed., 1999).
26

5

escape. However, as with any live restraint device, a cage/box trap can be inhumane if left
unchecked for extended periods as, depending on the device, trapped animals can die of thirst,
hunger, exposure, self-mutilation, or predation.29
2.5 Trap sets
A trap set is the specific manner in which a trap is placed in order to catch and hold an animal. A
land or dry set holds an animal on land, while a water set is meant to hold an animal underwater
so that if the device does not kill instantly, the animal will still drown. A slide set describes a trap
set on land that causes the trapped animal to slide on a line into the water and drown. Most traps
are held in place by a chain affixed to a stake in the ground to prevent a live-trapped animal from
moving away. Sometimes a “drag” is used instead, where the trap is affixed to a large object—
such as a branch or a steel grapple—so that the trapped animal can move away to hide in brush.
Pole sets are typically steel-jaw traps (although sometimes snares or Conibear traps) set
above ground and attached to a pole, post, log, or tree branch.30 The traps work by catching
animals who are then left dangling from the pole, ensuring that they cannot escape via chewing
off a trapped limb. The use of pole sets is legal in most states;31 however, their use has been
controversial, as threatened, endangered, and other nontarget animals are often caught.32 Some
states have responded to this by restricting the use of pole sets that are placed in a way that can
capture nontarget animals, such as certain raptors.33 For example, in Minnesota, “A person may
not take a bird with a steel jaw leg-hold trap mounted on a pole, post, tree stump, or other perch
more than three feet above the ground.”34 Other states (such as New York) have simply banned
the use of traps set “in such a manner that causes a captured animal to be suspended in the air.”35
A majority of the states, however, are silent on their use, which indicates that it is legal to use
them.36
2.6 Colony traps (also Known as submarine traps)
A colony trap is a cage or box trap set in water to capture and drown multiple animals.37 They
are commonly used due to their efficiency in capturing large numbers of animals. Because they
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37
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are so efficient at catching multiple animals, colony traps are explicitly banned in a number of
states. Most states, however, are silent on their use.38
3. The European Union’s ban on steel-jaw traps—and Canadian and US efforts to sidestep
it
Following a lengthy process of considering the cruelty of steel-jaw traps and what should be
done, the European Union adopted a historic measure (Regulation 3254/91) in 1991 that
banned steel-jaw traps within member countries by 1995.39 This regulation was the first-ever
international agreement that comprehensively addressed animal welfare issues specific to
wildlife.
Regulation 3254/91 also sought to exert economic pressure on countries using steel-jaw
traps by prohibiting these countries from exporting fur from 13 species of animals to the
European Union.40 At the time the regulation passed, Europe imported more than 70 percent of
wild-caught furs from the United States and Canada. 41 Animal advocates had hoped the EU
regulation would provide the necessary impetus to finally end the use of steel-jaw traps within
the United States, Canada, and Russia; the three nations that export the largest number of pelts
from wild-caught animals.42
Those hopes were not realized. Before the regulation was finalized, the European Union
bowed to pressure from Canada and the United States and added a clause to the regulation that
permitted countries exporting fur to the European Union to either prohibit all use of steel-jaw
traps or to use trapping methods for the 13 species that meet “internationally agreed humane
trapping standards.” At the time, no such standards existed, although they were under
development (more on this later). However, the EU interpretation of the regulation43 was that
such humane trapping standards had to include a prohibition on steel-jaw traps for the 13
species listed in the regulation.44
The governments of Canada and the United States balked at this interpretation. These
countries and the fur interests they represent were not prepared to end use of all types of steeljaw traps for the 13 species, and they did not want their fur trade with the European Union
curtailed. Canada, with support from the United States, responded by threatening a trade
challenge under the General Agreement on Tariffs and Trade (GATT)—an international treaty
originally signed in 1947 and revised in 1994 to coincide with the establishment of the World
Trade Organization (WTO). The agreement’s dispute settlement and enforcement procedures
38
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induced the European Union to buckle under pressure from Canada and the United States.
Implementation of the fur import ban was delayed while negotiations dragged on for years.
In July 1997, an Agreement on International Humane Trapping Standards (AIHTS) was
reached between the European Union, Canada, and Russia, which spared the latter two from a
fur import ban. The agreement required Canada and Russia to end use of “conventional” steeljaw traps for certain species within four years of AIHTS’s ratification. Trapping standards are
annexed to the agreement, trap testing must be conducted, and the parties must end use of traps
that do not meet the standards. Steel-jaw traps that meet the standard can continue to be used.
In December 1997, the United States reached a separate understanding (a nonbinding
“agreed minute”) with the European Union.45 “Standards for the Humane Trapping of
Specified Terrestrial and Semi-Aquatic Mammals” (the same standards that are annexed to the
European Union/Canada/Russia agreement) and a side letter from the United States are
included in the understanding.
The agreed minute states that the United States and the European Union consider the
standards to be “a common framework and a basis for cooperation” and that the parties “intend
to encourage and support research, development, monitoring and training programs … to
promote the use and application of traps and trapping methods for the humane treatment of
such mammals.” It emphasized that such agreement does not “alter the distribution of authority
within the United States for regulation of the use of traps and trapping methods.”
The side letter further affirms that trap regulation is primarily the responsibility of the
states. The United States promised a 50-state initiative to develop best management practices
(BMP) for traps and trapping methods and touted that this initiative would cover 29 species
rather than the 19 annexed to the agreed minute. Not so widely touted was the fact that the
agreement was nonbinding on the states and the BMP process, among its many flaws, was a
voluntary program.
The side letter went on to assure the European Union that, “pursuant to the standards,” the
United States would phase out use of steel-jaw restraining traps on ermine and muskrat within
four years of the entry into force of the tripartite agreement between the European Union,
Canada, and Russia. However, both species are commonly taken in steel-jaw traps set to kill
the animals rather than restrain them. Muskrats are trapped in water sets where they are
drowned. Ermine are not typically targeted, but are taken as incidental catch in steel-jaw traps
set for other species. If steel-jaw traps are set for ermine, they are set in a manner intended to
kill the ermine rather than restrain them. Notwithstanding the United States’ assurances,
therefore, the end result has been business as usual.
The United States further stated that regarding other species, “pursuant to the standards
annexed to the Agreed Minute, the use of conventional steel-jawed leghold restraining traps is
being phased out within six years of the entry into force” of the tripartite agreement (emphasis
added). The United States did not acknowledge that there is no agreed definition of what
constitutes a “conventional” steel-jaw trap. The language “pursuant to the standards” appears
to suggest that the phase-out of conventional steel-jaw restraining traps would occur only if
they failed to meet the weak standards annexed to the agreement.
Furthermore, the status of the tripartite agreement and the US-EU understanding has been
difficult to discern. It appears that although the EU Regulation was adopted in 1991, the
agreement between the European Union, Canada, and Russia was not ratified until July 22,
45
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2008.46 Beyond these dates, there is little public record of what progress has been made toward
compliance with either agreement.
3.1 History of the ISO process of developing “Humane Trapping Standards”
The seed for creating trap standards was planted before EU Regulation 3254/91 was even
adopted. In the mid-1980s, the Canadian government brought together about 50 representatives
from the Canadian fur industry to meet with a four-member Gray and Company public relations
team to see what could be done to protect their trade. The seminar was titled, “The Animal
Rights Movement, Trappers and the Canadian Fur Industry: Facing the Facts and Shaping the
Message.”47 \ The objective was “to develop an effective strategy to counter vocal critics of
trapping and the fur industry.” Following the meeting a report was prepared, “Launching the
Offensive,” and in this document the firm advised the industry to reach the general public—
“uncommitted yet vulnerable to emotional issues and messages”—with a “positive” and
“effective” message on behalf of Canadian fur interests. The industry was told that it is
problematic to rally the public to “Save the Leghold Trap.” Instead, Canada was advised to adopt
strong national standards, and the Fur Institute was told to make “humane trapping a key agenda
item immediately.” An essential long-term goal was for Canada to label its fur products so as to
assure the public that the animals are caught “humanely” and by a “caring and interested
community.”48 Canada was advised that “by not sitting this out and simply waiting for the next
shoe to fall, Canada will be able to set the agenda on behalf of its fur interests. Assumptions
made about the industry and trapping can be assumptions shaped by the industry.” (emphasis
added)
The next year, Canada began the formal process of developing humane trap standards under
the auspices of the International Organization for Standardization (ISO). The involvement of
ISO—whose mission is to “promote the development of standardization and related activities in
the world with a view to facilitating the international exchange of goods and services”—played
into the hands of the fur industry.49 Canada served as administrator of the process and a
Canadian served as chair. The first meeting of ISO Technical Committee 191 to develop
international humane trap standards was held in Quebec City in 1987. Ultimately, three separate
standards were devised: for “humane” restraint traps, “humane” killing traps, and “humane”
drowning traps, and the work was done by three working groups). 50 All three were chaired by
Canadians. Representatives deliberating on appropriate text and requirements for the documents
were trappers, trap manufacturers, game managers, and others involved with the industry.
Animal protection representatives were present, though significant efforts were made to
minimize their participation.
46
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The standards process continued over many years without commanding much attention—
until the stakes were raised when the Canadians secured “humane trap standards” language in
EU Regulation 3254/91. As stated above, under the revised regulation, EU member states would
end the use of steel-jaw traps but other countries wishing to import fur into the EU could either
ban steel-jaw traps or meet “internationally agreed humane trapping standards for the thirteen
species in the annex.” Suddenly, the ISO standards became a vehicle to help Canadian and US
fur traders slide in under the latter provision.
Once the standards were tied to the law, however, the process of agreeing upon what
constituted humane trapping standards started to break down. The United States and Canada
were vehemently opposed to the notion that if they adopted humane trapping standards they
would also have to prohibit all steel-jaw traps for the 13 species of furbearer listed in the
regulation. Meantime, countries participating in the ISO process were unable to agree on base
criteria for what constituted a “humane” trap. How much injury was acceptable for a humane
restraining trap? How much time was acceptable before an animal was irreversibly unconscious
in a humane killing trap? How could fractured teeth exposing pulp cavity, broken tendons and
bones, amputation of toes, and forcible drowning be considered “acceptable traumas” associated
with a “humane” trap? The ISO process was also criticized internationally as lacking in
transparency and being biased in its representation.
The pivotal point in the ISO trap standards process occurred at a meeting of TC191 in Ottawa
in February 1994. Following four days of debate over whether or not the word “humane” should
be deleted from the standards, it was removed from all of the trap standards. Countries voting to
delete it were Belgium, Finland, Germany, the Netherlands, New Zealand, Norway, Sweden, and
the United Kingdom. The United States and Denmark had voted to keep the term, while
Argentina and Canada abstained. As soon as the word “humane” was removed, two of the three
chairs resigned and left the meeting.51
Trap standards that did not include the word “humane” were of little use to the major users of
steel-jaw traps and the fur industry, which had hoped to both secure continued use of steel-jaw
traps and to place a “humane” label on wild-caught furs. The process soon devolved, and
ultimately, no trap standards were adopted. Instead, the Canadians salvaged a protocol on
methods for testing restraining traps and another for testing killing traps.52 The testing protocols
do not simply assess effects of the traps on animals; other data—such as safety to the trapper,
practicality and efficiency—are included. These ISO standards are the basis for the methods of
trap testing taking place under the IAHTS.
3.2 The United States’ federal BMP trap-testing program
Pursuant to the above bilateral and trilateral agreements, the United States instituted a federally
funded Best Management Practices trap-testing program.53 One of the primary aims of the
federal BMP trap-testing program is “to instill public confidence in and maintain public support
51
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for wildlife management and trapping through distribution of science-based information.”54
Recreational fur trappers are paid to participate in the program. Trappers are given a set of
standard testing procedures to follow as they trap coyotes, bobcats, martens, raccoons, badgers,
muskrats, otters, and other furbearing animals on their trap lines. The trappers and their
“technicians” (who can, by protocol, be the trapper’s spouse, relative, or friend) are asked to set
certain types of traps and aid in the evaluation of criteria that describe trap performance. The
trappers submit an invoice to the AFWA and receive checks for their time and expenses for
participating in the program.
BMP trap recommendations have been issued for 22 species in the United States.55 Steel-jaw
traps—the very device the European Union originally intended to prohibit—are included in the
list of traps meeting the BMP criteria for 17 species, including coyotes, bobcats, beavers, lynx,
and river otters. Although steel-jaw traps are permitted for select species, there is no requirement
to monitor which species are actually caught in them. In addition, the steel-jaw trap is often used
as the control device to which a different design—for example, a steel-jaw trap with a
modification—is compared. More than 150 different types of commercially available traps have
been tested on animals.56
The final BMPs issued are mere recommendations; neither state nor federal wildlife
management agencies are required to adopt them as requirements. According to a national survey
of licensed trappers in the United States, only 42 percent had heard of BMPs for trapping.57
3.3 BMPs legitimize the status quo
The United States’ BMP trap-testing program has enabled the United States to assert that it has
established a certification mechanism determined via a “scientific process,” despite the fact that
the process has focused on legitimizing steel-jaw traps. Former National Trappers Association
President Craig Spoores assured trappers that “the scientific BMP process will discover that
some steel-jaw traps will continue to be necessary and prove best for some American species.”58
Indeed, the first official BMPs recommend unmodified steel-jaw traps and neck snares for
several species.59
The costs of the BMP trap-testing program have been substantial, both in dollars and animal
suffering. Historically funded by federal tax dollars passed through the USDA to the AFWA, the
BMP program has cost millions since its inception in 1996.60 While the USDA was funding the
program, the public was officially entitled to any documents associated with it. Once the USDA
stopped funding the program some years ago, however, and it was funded by the AFWA,
associated documents were no longer available through the federal Freedom of Information Act.
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The BMP testing program is unquestionably subject to bias, subjectivity, and inaccuracy. The
use of professional fur trappers—who have a strong interest in the outcome— as testers
undermines the veracity and accuracy of the data and the scientific rigor of the process. Trappers
well-versed at the setting and use of steel-jaw traps, neck snares, and Conibears are unlikely to
be familiar with many of the alternatives and this can confound the data. Full disclosure is
questionable: Trappers are loath to admit having trapped an endangered species or family pet, or
that a trapped animal had struggled so excessively that it self-amputated a foot while trying to
escape.
Indeed, the program has been criticized by independent scientists, wildlife professionals, and
animal advocacy organizations as unscientific, self-serving, and rife with political agendas.61
Moreover, program design and implementation has occurred with no public accountability,
transparency, or oversight. The Animal Welfare Institute, in a letter to Donald MacLauchlan,
international resource director of the International Association of Fish and Wildlife Agencies
(later renamed the Association of Fish and Wildlife Agencies), dated February 5, 1998, requested
membership on the Fur Resources Technical Subcommittee overseeing the BMPs. Although the
subcommittee included two nongovernmental representatives from the National Trappers
Association, AWI’s request was denied.62 In addition, public review of the research projects or
monitoring of the BMP trap-testing process is virtually impossible.
Ultimately, the BMP trap-testing program has caused thousands of coyotes, bobcats, beavers,
raccoons, and other furbearing animals to suffer unnecessarily in steel-jaw traps. The traps close
with bone-crushing force on their victims, who struggle violently to be free. Injuries include
amputation of digits, severed tendons and ligaments, joint luxation, and bone fractures. Teeth
may be broken, sometimes right down to the jawbone, as animals bite at the trap. In their
desperation, some animals will chew off their own limb to escape. In the trap studies being
conducted (based on the agreement between the United States and the European Union), four of
20 animals caught in traps can experience these and other traumas, and the trap can still be
approved. One does not find much of this information about the damage caused to animals by
steel-jaw traps and other devices in the recent scientific literature because the vast majority of
trap testing has not been published in any peer-reviewed journal. This process needs to be
exposed for the farce that it is, and this needless trapping cruelty must end.
In practice, these agreements and associated trap testing programs have enabled all parties to
sidestep the original intent of Regulation 3254/91 by allowing both continued use of steel-jaw
traps outside of the European Union and unfettered trade in wild-caught fur from the United
States, Canada and Russia to Europe.
4. The sources and causes of resistance to trapping reforms in the United States
The response of the United States government to EU Regulation 3254/91 indicates more
than economic self-interest. A primary source of resistance to trapping reforms in the United
States is wildlife agencies, at both the federal and state level.
Despite a rising tide of public opinion condemning cruel trapping, especially the use
of steel-jaw traps and strangling neck snares, state wildlife departments as well as federal
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agencies have made few changes to reduce animal pain and suffering from traps. 63 This is
unsurprising, given their utilitarian wildlife use philosophy. Most state wildlife agency
commissions (or boards or councils) are dominated, often as required under state law, by
“consumptive wildlife users” (i.e., those who hunt, trap, and kill wildlife for recreation), making
it both challenging and slow to achieve regulatory change through the administrative process. To
members of these commissions and, in general, employees of these agencies, wildlife is seen as a
resource to be stocked and managed for the benefit of consumptive wildlife users.
Moreover, state wildlife agencies depend heavily upon revenues and excise taxes directly
connected to sales of hunting, trapping, and fishing licenses and gear. As a result, agencies
largely ignore the opinions of other constituents who are opposed to these practices. Agency
funds tend to be disproportionately invested in “game” animals, while “nongame” animals
receive very little consideration.64
The conduct of both state and federal agencies reflects a regrettably common public attitude:
the failure to see animals as having moral standing and intrinsic worth. Wildlife agencies,
particularly at the state level, have generally been slow to respond to shifting public values and
to demands for less invasive and lethal ways of managing wildlife, and have resisted innovative
and participatory governance and ecosystem-based management.65
5.

Ongoing and future reform efforts needed: Forums and issues

More than 100 countries have banned or severely restricted use of steel-jaw traps,66 a device
condemned as inhumane by the National Animal Control Association and the American Animal
Hospital Association. In 1995, all member countries of the European Union banned steel-jaw
traps and sought to ban the import of furs from countries still using these traps.
Yet, the United States lags far behind the rest of the world with regard to trapping reforms.67
Despite increased opposition to the use of steel-jaw traps68 and the availability of alternatives,69
63
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brutal trapping devices remain legal in most of the United States, including for use on national
wildlife refuges. Meanwhile, the United States government continues to defend commercial fur
trapping and the use of steel-jaw traps.70
5.1 Types of reform efforts in the United States
5.1.1 Reform efforts using the ballot initiative process
In 26 states and Washington DC,71 the initiative process allows citizens to gather petition
signatures to place a proposed statutory or constitutional amendment before the voters. History
has shown that when the public begins to distrust government, they seek redress through direct
democratic processes.72 Such processes “give voters a direct say in the law and circumvent
special interests and unresponsive legislatures.”73
In the last two decades, animal advocates have used the public initiative process to ban or to
restrict certain traps and/or trapping practices at the state level.74 As noted above, from 1994
through 2000, voters in five states (Arizona, California, Colorado, Massachusetts, and
Washington) passed ballot initiatives restricting the use of body-gripping and/or steel-jaw traps
for commercial and recreational trapping.75 These successes reflect public concern that cruel
traps such as these should not be permitted.
With heightened controversy and increased public awareness, efforts to restrict or reform
trapping through ballot initiatives will likely continue.
5.1.2. Reform efforts using the judicial process
Animal advocates and wildlife conservationists have also used the courts to restrict trapping in
order to protect endangered species from steel-jaw traps, body-gripping traps, and neck snares.
Cases involving the incidental trapping of federally protected Canada lynx are illustrative of the
effort.
In 2008, the Animal Welfare Institute and the Wildlife Alliance of Maine (WAM) filed a
federal lawsuit against the Maine Department of Inland Fisheries and Wildlife (MDIFW) for
failing to adequately protect Canada lynx from traps and snares set for other furbearing species
by trappers licensed by the MDIFW.76 AWI and WAM claimed that allowing and authorizing
70
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trappers to injure and sometimes kill Canada lynx—a species listed as threatened under the
Endangered Species Act (ESA) — was a violation of Section 9 of the ESA’s prohibition against
“take” (causing serious injury or death) of such species.77
In December 2009, the US District Court for the District of Maine ruled that Maine’s current
regulatory scheme for trapping furbearing animals results in the trapping of Canada lynx in
violation of the ESA. The court did not, however, enjoin trapping in Maine’s lynx habitat. The
court noted a pending decision by the US Fish and Wildlife Service (USFWS) to issue an
incidental take permit (ITP) to the MDIFW, which would, according to the court, require the
agency to implement mitigation measures to better protect lynx from indiscriminate traps and
would thereby shield the state from liability for incidental trapping of Canada lynx.
However, once issued, the ITP failed to adequately protect Canada lynx. As a result, on 17
August 2015, AWI, WAM, and the Center for Biological Diversity filed a lawsuit against the
USFWS for allowing trappers in Maine to take Canada lynx. The lawsuit requests that the court
close down the state’s trapping season in lynx habitat.78 On February 15, 2017, the court denied
plaintiffs’ motion for summary judgment. To date, plaintiffs have not announced a decision
regarding an appeal.
In a similar case, in March 2008, the US District Court for the District of Minnesota ruled
that Minnesota’s Department of Natural Resources (DNR) violated Section 9 of the ESA because
the department’s trapping program was the proximate cause of numerous lynx takings. The court
noted that “government agencies cause a taking under ESA if such agency authorizes activities
that result in said taking,”79 Expanding on this, the Court stated:
In order to legally engage in trapping in Minnesota … one must obtain a license and
follow all governmental regulations governing trapping activities. Thus, for purposes of
determining proximate cause, the DNR’s licensure and regulation of trapping is the
“stimulus” for the trappers [sic] conduct that results in incidental takings. Accordingly,
the trappers [sic] conduct is not an independent intervening cause that breaks the chain of
causation between the DNR and the incidental takings of lynx.80
As a result, the court ordered the state to restrict traps and snares to reduce the likelihood of
lynx being captured in traps set for other species. In addition, the ruling required the state to
obtain an ITP from the USFWS under Section 10 of the ESA. The ITP was to provide the state
with a variety of alternatives and strategies to avoid, minimize, and mitigate the taking of lynx.
The cases in Maine and Minnesota were among the first lawsuits brought by wildlife
advocates that specifically targeted state wildlife agencies for authorizing the use of traps and
establishing trapping seasons for furbearers that capture, injure, and kill federally listed lynx and
other species. These cases are important to protect listed species from intentional or incidental
take in traps.
5.2 Problems with state trapping regulations and reforms needed
77
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5.2.1 Trap check times and lack of enforcement
Even though numerous scientific studies indicate that short trap check intervals greatly reduce
injuries to trapped animals,81 a number of states still allow animals to languish in traps for days.
In Montana and Alaska, for instance, there is no mandatory trap check time for most steel-jaw
traps, while Wyoming trappers are directed to check steel-jaw traps just once every 72 hours.
Where trap-check standards are in place, they are often weak and unenforced. In addition, where
trap check times have been established for “furbearers” and other categories of animals, species
classified as “nongame” or “predatory”—such as coyotes—may be excluded, allowing victims to
suffer indefinitely. New Mexico, for example, excludes coyotes from existing trap check
standards.82 Moreover, there is generally a shortage of enforcement personnel to ensure
compliance with existing trapping regulations.
Little attention is given to evaluating the impact of these trapping practices on wildlife
populations, and relaxed licensing and record-keeping requirements compound this problem. For
instance, New York law does not mandate reporting for furbearers other than bobcats, and a
number of states from Nevada to Virginia do not require trapper education courses in order to
obtain a permit.83
Many states, by their own admission, lack the enforcement personnel in the field to ensure
compliance with state trapping (and hunting) regulations. Violations of trapping regulations, as
well as poaching of protected species, are commonplace. These violations include (1) failure to
check traps as frequently as state regulations require, (2) using traps without the personal
identification that is required in most states, (3) trapping of species out of season, and (4) using
traps that do not comply with state regulations.
5.2.2 New technologies that reduce suffering are ignored
New technologies are available and, if mandated and used by trappers, capable of greatly
reducing the suffering of animals in live traps. One such technology is the use of remote trap
monitors, which send a signal to let a trapper know when an animal has tripped and presumably
been caught in a trap so that the animal can be promptly removed from the trap.84 Another
technology, albeit one that may come with a regulatory burden, is the use of tranquilizer tabs.
Here, the device is equipped with a tab containing a tranquilizing agent; upon capture, the animal
bites the tab and ingests the agent, thereby reducing his or her stress and injury.85
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5.2.3 Omission of several species from trapping regulation protections
Some state trapping regulations cover only certain trapped species, such as those classified as
“furbearer” or “small game.” Species classified as “nongame” or “predatory” are often exempt
from any protections or regulatory oversight. In some states, such species can be trapped and/or
hunted at any time of the year, in any number, without a license, and without any requirement to
report the number of animals killed to the state agency.86 The impact of such unregulated
trapping and hunting on mammal populations is unknown, but may be significant for some
species, particularly at local levels.
5.2.4 Lack of oversight of “Nuisance Wildlife” trapping
With increasing urban sprawl in recent decades, encounters between humans and wildlife have
escalated, and private “nuisance wildlife control” trapping businesses have grown exponentially
in response.87 This industry, which is based upon the removal, generally via lethal means, of
animals deemed “pests” or “nuisances,” has little regulatory oversight at either the state or
federal level.88 Although many nuisance wildlife control operators (NWCO) use the same traps
used by fur trappers, few states require that NWCOs report the species or number of animals
killed. State wildlife agencies have almost no oversight over private NWCOs, even though they
kill wild animals subject to the management authority of state wildlife agencies. Some wildlife
agency professionals, recognizing this problem, have recommended that the emerging industry
be regulated.89
5.2.5 Unregulated methods for killing trapped animals
Most state regulations do not address how animals found alive in traps are to be killed. For
example, in Georgia, trappers are required to carry a .22 caliber rim fire gun while tending
traps, and to use that weapon to kill furbearers.90 All other states that mention the killing of
trapped animals, however, offer guidance rather than set requirements on the method of killing
trapped furbearers. Alabama, for example, merely requires trappers to carry a choke stick, and
trappers may use a standard .22 caliber rimfire firearm to kill furbearers.91 New Jersey
regulations state that except on Sunday, trappers with a valid rifle permit may carry a .22
caliber rifle and use short rimfire cartridges to kill legally trapped animals (other than
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muskrat).92 Arizona, Wisconsin, and South Dakota require trappers to either release or kill
trapped animals, but they do not state the methods to be used.93 In addition, allowing children
to live-trap animals raises concerns over how the animals will be killed and how prolonged
their suffering could be.
The common killing methods used by trappers are clubbing, suffocation (standing on the
chest), and strangulation (with a “choke stick” or “catch pole”).94 Fur trappers do not like to
shoot trapped animals because bullet holes and blood damage pelts and reduce the value of
furs.95 Trapper education manuals—which are difficult to find posted online—typically advise
trappers to kill animals by suffocation, drowning, gassing, and/or hitting them with a club in
order to preserve the pelt, as well as to stand on the animal’s chest to compress its organs, which
leads to death.96 Some manuals suggest using a heavy object, such as an iron pipe or an axe
handle, and striking the animal twice; once to render it unconscious and again to render it either
dead or comatose.97 One suggests that trappers “pin the head with one foot and stand on the chest
(area near the heart) of the animal with the other foot for several minutes.”98
5.2.6 Inaccuracy of state wildlife agency population data and trap-kill data
Many state wildlife agencies rely on furbearer “harvest” numbers (those animals killed through
trapping and hunting) to estimate statewide populations of trapped and hunted species. Because
“harvest” figures do not necessarily reflect species abundance and may be more influenced by
external factors, such as pelt price and fur demand, such extrapolations are generally poor
methods for accurately estimating species’ populations.
Moreover, the majority of state wildlife agencies do not require trappers to report the number
or species of animals they trap each season.99 Instead, they rely upon fur dealer or buyer reports,
which have little correlation to the actual number of animals trapped. Fur dealer or buyer reports
only record those pelts purchased by licensed fur buyers within the state, and unsold and/or
damaged pelts or pelts sold out of state are not recorded in these figures. Thus, these reports can
drastically underestimate the total number of animals trapped statewide. Furthermore, states that
do require seasonal trapping reports often obtain this information via mail or telephone
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surveys.100 Response rates to such surveys, however, may vary from 10 to 60 percent.101 State
wildlife agencies then extrapolate the total number of animals trapped each year from these
partial reports to estimate total take from trapping. These data are then used to determine
trapping “harvest” levels and season lengths for the subsequent trapping season.
5.2.7 Poor (or nonexistent) reporting of nontarget animals trapped
Very few states require that trappers report nontarget animals trapped. Some states regulate trap
sets and specify methods for avoiding nontarget captures and recommend methods for handling
instances in which a nontarget domestic animal is trapped.102 However, because most trappers
are not trained to assess the condition of trapped animals or the severity of any injuries sustained
by trapping, it is unclear how a trapper can ensure that any nontarget animal is released
“unharmed,” and state agencies fail to provide any criteria or instruction to aid in determining
harm. What regulations that exist do little to ensure an accurate tally of the numbers of nontarget
animals trapped, and field research indicates that nontarget take can be significant.103
5.2.8 Exemptions of private landowners from trapping regulations
In a number of states, private landowners do not need a license to trap and kill certain species on
their own property.104 For example, in Wisconsin, landowners or occupants and their family
members may (without a license) hunt or trap on their own property for coyotes, beavers, foxes,
raccoons, woodchucks, rabbits, and squirrels year-round.105 In Indiana, landowners may take
coyotes at any time on the land they own, or provide written permission for others to do so.106
5.2.9 Insufficient regulation of trespassing by trappers
Every state recognizes a landowner’s right to exclude trappers from his or her land by erecting
“no trespassing” or “no hunting/trapping” signs. A few states even require that landowners who
wish to exclude trappers/hunters post “no trespassing/ hunting/ trapping” signs. Conversely,
other states require that trappers obtain permission from landowners even if the landowner has
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not posted prohibitory notices.107 Alabama, Arizona, New Mexico, North Dakota, Oklahoma,
Rhode Island, South Dakota, and Utah require written permission from landowners under some
circumstances.108 In several other states, verbal permission is allowed.109 Trespassing by trappers
remains an ongoing problem for private landowners.
5.2.10 Lack of trapper education as a condition of licensing
While there is no way to avoid animal cruelty when using steel-jaw traps, the lack of basic
guidance—such as mandating that trappers avoid using bait that is attractive to companion
animals or sets that may result in significant nontarget take, are familiar with the state’s trapping
requirements, and have reached a specified age before they can obtain a (mandatory) trapping
license—contributes to the problem.
6.

Conclusion

Trapping continues to be hidden from the public eye; most people are unaware of the extent to
which it is even happening, and the United States continues to lag far behind the rest of the world
in regard to trapping reforms. With more than 100 countries already having banned steel-jaw
traps, a ban on steel-jaw traps is, arguably, the international standard. It is likely that global
pressure will be needed to compel the European Union to rethink its weak trapping agreement
with the United States and implement a strict prohibition on the import of pelts from animals
captured using steel-jaw traps. Yet, without hope of overcoming trade agreements intended to
facilitate such trade, there may not be a chance for the European Union to reconsider.
Ultimately, efforts need to be made at every level—local, state, national, and global—to
seek a prohibition on the use of steel-jaw traps. It will be necessary to expose the various trap
standards for the farce that they are, and to highlight their abysmal failure to actually protect
furbearing animals. Meanwhile, additional measures can help, such as mandating a 24-hour
trap check time in every state. This need is ever more apparent as the United States becomes
increasingly isolated among a dwindling number of countries that sanction the horrific animal
suffering caused by barbaric traps—traps that should be relegated to museums or melted down so
the steel could be put to a better purpose.
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Incidental Captures in Montana 2009-2014 license years.

Bobcat
Domestic Dog
Deer
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Grizzly
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Badgers
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Starlings, European

Species
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^About Capture/Restraint Method: This column reports the primary method or tool used to capture, restrain, or
identify/target the animals addressed. This MAY NOT have been the method or tool used to kill, euthanize, or
free/relocate, the animal captured. When animals are captured and/or restrained, WS employees use methods or tools to
euthanize, and approved handling and transport are used to free or relocate.

Drc-1339-Pigeons

Drc-1339-Livestock/Nest/Fodder

Drc-1339-Feedlots

Capture / Restraint Method ^

Intentional /
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Wolves, Gray/Timber

Vultures, Turkey
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Squirrels, Ground, Richardson`s

Sparrows, House/English
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Species
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^About Capture/Restraint Method: This column reports the primary method or tool used to capture, restrain, or
identify/target the animals addressed. This MAY NOT have been the method or tool used to kill, euthanize, or
free/relocate, the animal captured. When animals are captured and/or restrained, WS employees use methods or tools to
euthanize, and approved handling and transport are used to free or relocate.
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Intentional
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1
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1

3
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Coyotes

Species

2
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free/relocate, the animal captured. When animals are captured and/or restrained, WS employees use methods or tools to
euthanize, and approved handling and transport are used to free or relocate.
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1
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euthanize, and approved handling and transport are used to free or relocate.
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euthanize, and approved handling and transport are used to free or relocate.
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euthanize, and approved handling and transport are used to free or relocate.
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Introduction to Trapper Education

Content Standard - Students demonstrate an understanding of the
purpose of trapping and trapper education in today’s society

Introduction
Trapping is part of our North American heritage. First-time trappers in many
states and Canadian provinces must complete a trapper education program
covering skills, regulations, and trappingʼs role in scientific wildlife management. Trapper education programs teach basic techniques with a strong focus
on the responsible treatment of animals, legal methods, safety, selectivity, and
ethical trapper behavior.

Ohio DOW Photo

Trapping benefits
Society

This Trapper Education Program was developed by the International Association of Fish and Wildlife Agencies (IAFWA). The Association represents
professionals from the fish and wildlife agencies of the states, provinces, and
federal governments of the U.S. and Canada. The program was developed to:
• protect the health, safety, and welfare of people, wildlife, and
domestic animals
• support wildlife conservation programs that sustain species and
ecosystems for the benefit of future generations
• increase the benefits society currently receives from regulated
trapping activities

Trapping is highly regulated

Recognize that the decision to become a trapper represents a serious commitment of time and dedication to
responsible behavior

Trapping is a highly engaging,
year-round activity

2 Chapter 1

Trapping is a highly regulated activity because the public is concerned about
wildlife conservation and the welfare of wild animals. Regulations are
designed to help manage furbearing animals using safe and selective equipment and techniques.

Safety - Animal Welfare - Responsibility - Furbearer Conservation

Trapping takes a lot of time and dedication. Trappers spend time studying
wildlife, scouting, preparing traps, working with landowners, setting traps,
running traplines, and preparing pelts. When trapping season starts, trappers
must check the traps every day until they are removed.

Illegal or unethical behavior is
not acceptable. Show respect
for wildlife, people, and
property

Society, trappers and non-trappers alike, will not accept illegal or unethical
behavior. This course can teach you the basics. You must be willing to spend
the time and effort to trap responsibly.

List five positive or negative values of furbearers
including ecological, biological, cultural, aesthetic, and
economic values
Today fur products and trapping are still of cultural and economic importance.
Furbearers continue to be used and managed as valuable, and renewable,
natural resources.

Ohio DOW Photo

Values associated with furbearers:
• Economic - Positive values includes furs, meat, and by-products such
as perfume and fishing lures. Examples of negative values include
crop depredation, property damage, and flooded roads.

Farmers who have crop damage
will often give you
permission to trap

• Ecological - Furbearers have positive value as predators and prey in
functioning ecosystems. Excessive numbers of furbearers can have
negative values if they harm habitats or prey on endangered animals.
• Cultural - Trapping is valued by many people as part of their cultural
heritage. Trapping involves outdoor skills, knowledge and respect
for wildlife, and family activities. Some people look to nature or
the land to provide vegetables, firewood, venison, and furbearers.
Trapping provides these people with needed food and clothing.

Trapping is a way of life for
many people

• Biological - Furbearers have positive values that help us understand
human health and the effects of environmental pollutants. Negative
biological values include human exposure to disease and parasites.
• Aesthetic - Furbearers have many positive aesthetic values for fur and
wildlife watching.

Silvertip Productions
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Rabies and tularemia are two of
the diseases humans may get
from furbearers

Wetland habitats are home to
hundreds of species of wildlife

List a minimum of four benefits regulated trapping
provides to society
Responsible trappers provide these benefits to society:
• Disease Control - When trappers reduce local furbearer populations it
helps reduce the spread of diseases among animals and people.
• Habitat Protection - When furbearers overpopulate they can
destroy habitat. For example, the harvest of nutria in Louisiana helps
protect 3.6 million acres of coastal wetlands.
• Endangered Species Protection - Foothold traps help protect many
rare and endangered species from predators. Examples include the
desert tortoise, sea turtles, whooping cranes, black-footed ferrets, and
piping plovers.

FWS Photo

Whooping Crane

When voters restricted trapping in Massachusetts in 1996
landowner beaver complaints
doubled

Trappers have helped restore
river otter populations in 19
states - visit
www.convservewildlife.org

A US Fish and Wildlife Service
survey revealed 487 wildlife
management programs that
involved trapping on 281
National Wildlife Refuges

• Property Protection - Farmers and other landowners benefit when
trappers remove excess furbearers that threaten property and crops.
• Wildlife Restoration - Trappers use foothold traps to harmlessly
capture species such as river otters in states where they are plentiful
so they can be released in other states to re-establish populations.
• Wildlife Research - Foothold traps and cable devices are the only
effective means for catching elusive species such as wolves, coyotes,
and foxes. Wildlife biologists depend on traps and trappers to help
study many species of wildlife.

Choose correctly that trapping is an individual privilege,
not an individual right
In most states, trapping is an individual privilege available to all citizens who
choose to follow regulations and behave responsibly. Trappers who violate
laws can lose their privilege to trap. If trappers as a group do not behave
responsibly, citizens could decide to stop all trapping.
Some states have made it a collective right to hunt, fish, and trap. This protects the activity of trapping for future generations. It does not protect trapping privileges for people who violate trapping regulations. Judges can, and
do, suspend trapping privileges for serious violations.

FWS Photo
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Identify a minimum of two state or national trappers
associations that provide materials and continuing
education for trappers
Trappers have formed state and national organizations to help address issues
related to trapping and furbearer management. Two national groups include
the National Trappers Association and the Fur Takers of America.
The National Trappers Association (NTA) has the following purpose
statement:
• To promote sound conservation, legislation, and administrative
procedures;

Organized trappers, hunters,
and anglers have supported fish
and wildlife conservation programs for more than 100 years

Membership in state and
national trapping organizations
will help you become a more
successful and responsible
trapper

• To save and faithfully defend from waste the natural resources of the
United States;
• To promote sound environmental education programs; and
• To promote a continued annual fur harvest using the best tools
presently available for that purpose.
The Fur Takers of America (FTA) has the following purpose:
• To promote interest in and accumulate and disseminate knowledge
concerning the trapping of fur bearing animals among persons
interested therein.

FWS Photo

Arctic Fox

You can find out more about the NTA and FTA at their Web sites:
• http://www.nationaltrappers.com/
• http://www.furtakersofamerica.com/
The Web sites also link to state trapping associations, online bulletin boards,
and other helpful organizations.
Write the name of your state trapping association here:
______________________________________________

Online bulletin boards for trappers are a good way to learn
new techniques and solve problems. Post a question, and get
answers from friendly, experienced trappers.

There are many benefits to membership in trapping organizations. You will
learn new techniques to become more successful, be invited to meetings and
other activities, gain a greater understanding of wildlife management, and
learn about issues affecting trapping.
Trapper Education Manuall 5
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Know the legal types of traps that may be used in your
state
In other chapters you will learn
more about trap types and trapping techniques. Foothold traps,
for instance, are live-restraining
devices, but they can be used in
“submersion” sets to kill aquatic
furbearers

Each state regulates the types of traps that are legal. States consider animal
welfare, efficiency, selectivity, and safety when they select legal traps.
Deadfalls and many types of traps, including traps with teeth, are prohibited.
Legal traps fall into two categories known as kill-type, and live-restraining
devices. Put a check mark beside the traps that are legal to use in your state.
State: _________________ Year: __________________

Submarine or Colony Trap
trap for multiple muskrats

Ohio DOW Photo

Trapping technology and techniques have shown continuous
improvement for nearly 200
years

Basic Trap Types
Legal
Foothold Traps
Body-gripping Traps
Cable Devices
Cage traps
Traps with teeth
Deadfalls
Other

Name the species of furbearers that inhabit your state

Raccoons and coyotes are
widely distributed in the U.S.
Eyewire.com

Raccoon

FWS Photo

Coyote

The following species are known as furbearers in North America. Some of
these species will not be present in your state. Even if a species is present
there may be no open trapping season for it in your state.
Place a check in the box on the following chart to indicate if a species is
present, and if there is an open trapping or hunting season for it in your state.
Use your state hunting and trapping regulations brochure to find this
information.
6 Chapter 1

Safety - Animal Welfare - Responsibility - Furbearer Conservation

Species
Coyote
Red Fox
Gray Fox
Gray Wolf
Swift/Kit Fox
Arctic Fox
Beaver
Muskrat
Nutria
Bobcat
Canada Lynx
Mink
River Otter
Fisher
Marten
Weasels
Striped Skunk
Badger
Opossum
Raccoon
Ringtail - Bassarisk
Wolverine
Other:

Present

Open Season

Even though a furbearer is
present within your state, it may
be restricted to specific habitats
within a certain range

State wildlife agencies prohibit
the taking of any species if it
would harm the long-term sustainability of the population

Responsible trappers care
about wildlife conservation and
animal welfare

Nutria were introduced from
South America. They are found
in the gulf coast states, parts of
the east coast, Washington and
Oregon.

Nutria

FWS Photo

Gray Fox

FWS Photo

The gray fox is common in
many parts of the country
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Know that the Trapper Education Course is based on
Best Management Practices developed by wildlife
biologists, trappers, and researchers
State fish and wildlife agencies, trapping organizations, veterinarians, and
university researchers help develop Best Management Practices (BMPs) for
regulated trapping in the United States.
Trapping BMPs are documents that provide information to help trappers
practice safe, humane, and efficient techniques. BMPs describe different types
of traps, how they work, how traps should be set, and what training may be
needed for people who use BMP traps.
FWS Photo

River Otter

Five criteria are considered when developing BMPs:
• Animal welfare
• Trap efficiency
• Trap selectivity
• Trapper & public safety
• Practical application

Silvertip Productions

Opening Day
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BMPs provide guidance to wildlife agencies and help responsible trappers
make decisions in the field.

Chapter 5

Best Management Practices

Content Standard - Students understand Best Management Practices for Trapping are needed to address animal welfare, trapping
efficiency, selectivity, and safety in furbearer management programs

Trapping BMPs
Sustaining the Future of
Trapping

Introduction

Eyewire.com

Raccoon

All 50 state fish and wildlife
agencies support the development of best management
practices

In 1996, the International Association of Fish
and Wildlife Agencies began a program to
develop Best Management Practices (BMPs)
for trapping as a way to improve the welfare of
captured animals, and to document improvements in trapping technology. This project is
one of the most ambitious in the history of the
conservation movement.

BMPs are necessary to sustain regulated trapping as a wildlife management tool, and to maintain the integrity of wildlife
conservation programs throughout the United States.

State the name of the organization that coordinates
development of best management practices for trapping
32 state fish and wildlife agencies have been actively
involved with the BMP program

Trappers, veterinarians, and
university researchers helped
wildlife agencies evaluate more
than 70 types of traps

32 Chapter 3

The International Association of Fish and Wildlife Agencies (IAFWA) coordinates the development of BMPs for trapping. IAFWAʼs membership includes
all 50 state fish and wildlife management agencies, federal agencies, and
conservation organizations.
State furbearer biologists, veterinarians, trappers, and scientists from the
University of Georgia and the University of Wyoming cooperated on the
development of BMPs. The United States Department of Agriculture provided most of the funding for Trapping BMP research and development.

Safety - Animal Welfare - Responsibility - Furbearer Conservation

Explain that BMPs are based on scientific information
and professional experience about current traps and
trapping technology

Wildlife veterinarians examined
thousands of trapped furbearers
for different types of injuries

BMPs are based on the most extensive research effort of animal traps ever
conducted in the United States. Traps tested were selected based on knowledge of commonly used traps, previous research, and input from expert trappers.

Recognize that the Trapping BMP Project is designed to
provide wildlife management professionals in the United
States with the data necessary to assist in improvements to animal welfare in trapping programs
Trapping BMPs were developed to give wildlife professionals information
they need to improve animal welfare. State fish and wildlife agencies will
use BMPs to continue the improvement of trapping systems throughout the
United States.

Recognize that trapping BMPs are intended to be a
practical tool for trappers and wildlife biologists to use
for decision-making in the field
Trapping BMPs include suggestions on practices, equipment, and techniques
that will provide trappers and wildlife biologists with practical information
to use in the field. These suggestions will improve animal welfare, help avoid
the unintended capture of other animals, and increase public support for
trapping,

Identify BMP criteria for the evaluation of trapping
devices including animal welfare, efficiency, selectivity,
practicality, and safety
BMP traps were evaluated using criteria to measure the effects on animal welfare as well as trapping efficiency, selectivity, practicality, and safety.
Animal Welfare - Researchers tested live restraining traps for injuries to
furbearers using two methods. One system evaluated specific injuries, and the
other grouped the injuries into categories from mild to severe. BMP approved
traps must have a low rate of injuries to the furbearing animals being studied.

Eyewire.com

More than 150 teams of
trappers and technicians
participated in field testing

Each state wildlife agency
decides how to incorporate Best
Management Practices into
trapper education and
furbearer management
programs

BMPs are valuable tools for
biologists and trappers

BMP recommended traps
resulted in no, little, or moderate injury to at least 70% of the
animals trapped

Traps that failed to capture and
hold at least 60% of the species targeted did not qualify for
recommendation

Trapper Education Manuall 33
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Traps and sets must be selective

Recommended traps resulted in moderate, low, or no injury to at least 70% of
the animals trapped.
Efficiency - Traps meeting BMP criteria must be able to capture and hold at
least 60% of the furbearers that spring the trap.

Experienced trappers evaluated
cost, ease of use, trap weight,
reliability, and other factors

Selectivity - Traps must be set and used in a fashion that limits the risk of
capturing non-furbearing species while increasing the chances of capturing
the desired furbearer.
Practicality - Each recommended live restraining trap was evaluated by
experienced trappers and wildlife biologists for practicality. Criteria used
to measure practicality include cost, ease of use, ease of transport, storage,
weight and size, reliability, versatility, and the expected life-span of the trap.
Safety - Each recommended live restraining trap was evaluated for safety to
the user and other people who might come into contact with the trap.

Identify where to find detailed BMP information for each
furbearer
Eyewire.com

Canada Lynx

State fish and wildlife agencies have access to Trapping BMP publications
as they are developed. Trappers can find all current information on Trapping
BMPs at the following Web site:
• http://www.furbearermgmt.org

As new BMP information is published it is distributed by wildlife
agencies, IAFWA, and trapping
associations in print and online
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The Furbearer Management Web site is maintained by the International Association of Fish and Wildlife Agencies on behalf of state fish and wildlife
agencies, trappers, and trapping organizations.

Best Management Practices
for Trapping in the United States
INTRODUCTION

The Association of Fish and
Wildlife Agencies (AFWA),
formerly the International
Association of Fish and
Wildlife Agencies (IAFWA),
was founded in 1902. It is an
organization of public agencies
charged with the protection
and management of North
America’s fish and wildlife
resources. The 50 state fish and
wildlife agencies, as well as
provincial and territorial
governments in Canada, are
members. Federal natural
resource agencies in Canada
and the United States are also
members. The Association
has been a key organization
in promoting sound resource
management and strengthening
state, provincial, federal,
and private cooperation in
protecting and managing
fish and wildlife and their
habitats in the public interest.
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BMPs are intended to inform
people about traps and trapping
systems considered to be state
of the art in animal welfare and
efficiency. Through the use of
BMP guidelines, trappers can
continue to play an important
role in furbearer management
programs across the United
States.

Introduction
The purpose of the BMP process is to scientifically evaluate the traps and trapping
systems used for capturing furbearers in the United States. Evaluations are based on
animal welfare, efficiency, selectivity, practicality and safety. Results of this research
are provided as information to state and federal wildlife agencies and trappers.
The goals of this document are:
• To promote regulated trapping as a modern wildlife management tool
• To identify practical traps and trapping techniques that continue to improve efficiency
selectivity, and the welfare of trapped animals
• To provide specifications for traps that meet BMP criteria for individual species in
various regions of the United States
• To provide wildlife management professionals with information to evaluate trapping
systems in the United States
• To instill public confidence in and maintain public support for wildlife management
and trapping through distribution of science-based information
BMPs serve as a reference guide to wildlife management agencies, conservation organizations, tribal nations, researchers, trapper organizations, individual trappers and others
interested in the continued improvement of traps and trapping systems.

Benefits of Trapping
Trapping is a highly regulated activity. Anyone who traps must follow strict rules
established and enforced by state fish and wildlife agencies. Restrictions on species
that may be harvested, harvest seasons, trap types, trapping methods and areas open
to trapping are some examples of the guidelines and regulations that state agencies
regularly review, implement and enforce.
Trapping is an element of many wildlife management programs. In some cases, local
populations of furbearers are controlled, thereby helping to minimize human-wildlife
conflicts and mitigate habitat changes brought about by certain furbearer species.
Similarly, trapping contributes to the protection of threatened and endangered species
by controlling predators. Trapping also is used to relocate animals to and restore
populations in areas where conditions are suitable for the species to thrive.
Scientists collect important ecological information about wildlife through the use of
trapping. Preferred habitats, migration patterns and population indices for some species
of wildlife are determined through mark and recapture programs and by monitoring
regulated harvest levels. In addition, trapping can help reduce the exposure of humans
and pets to rabies and other diseases. Trapping is widely recognized by the wildlife
conservation community as a beneficial outdoor activity, providing food, clothing, cosmetic items, artists’ supplies and other products.
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BMPs are based on the most
extensive study of animal traps
ever conducted in the United
States. Test traps were selected
based on knowledge of commonly used traps, previous
research findings and input from
expert trappers. Statisticians
from universities and federal
and state agencies developed
rigorous study designs.
Experienced wildlife biologists
and trappers developed study
procedures, supervised or
participated in field research
and provided insight and expert
technical advice on trapping
methods to ensure the completion
of each project. Data collection,
including safety evaluations,
was undertaken following
widely accepted international
standards for testing traps
specified in the International
Organization for
Standardization (ISO)
Documents 10990-4 and
10990-5. Wildlife biologists
and statisticians assisted in
data analysis and interpretation
during the development of
this document.

Best Management Practices
Wildlife professionals, trappers and trapper associations historically have worked
to improve trapping. Most of the advancements used today come from the efforts of
trappers. Wildlife agencies have a long history of regulating trapping to assure that
the traps and trapping systems being used are the best available. State fish and wildlife
agencies must continue to take a lead role by establishing a practical and effective plan
for the improvement of trapping systems in order to maintain trapping as a valuable
wildlife management practice.
The BMP framework provides a structure and criteria for identifying and documenting
trapping methods and equipment that will continue to improve trapping. The trapping
BMP project is intended to provide wildlife management professionals in the United
States with the data necessary to ensure improved animal welfare in trapping programs.
Trapping BMPs are based on scientific research and professional experience regarding
currently available traps and trapping technology. Trapping BMPs identify both techniques
and traps that address the welfare of trapped animals and allow for the efficient, selective,
safe and practical capture of furbearers.
Trapping BMPs are intended to be a practical tool for trappers, wildlife biologists,
wildlife agencies and anyone interested in improved traps and trapping systems. BMPs
include technical recommendations from expert trappers and biologists and a list of
specifications of traps that meet or exceed BMP criteria. BMPs provide options, allowing
for discretion and decision making in the field when trapping furbearers in various
regions of the United States. They do not present a single choice that can or must be
applied in all cases. The suggestions contained in this document include practices,
equipment and techniques that will continue to ensure the welfare of trapped animals,
avoid unintended captures of other animals, improve public confidence in trappers and
wildlife managers, and maintain public support for trapping and wildlife management.
Trapping BMPs are recommendations to be implemented in a voluntary and educational
approach. The trapping BMPs are the product of ongoing work that may be updated
as additional traps are identified in the future. BMPs are intended to compliment and
enhance trapper education programs. It is recommended that all trappers participate in
a trapper education course. Trapping BMPs provide additional technical and practical
information to help trappers and managers identify and select the best traps available
for a given species and provide an overview of methods for proper use.

Although many details of trap
testing procedures and results
are available in other documents, some understanding of
the procedures is important and
can be gained by reading this
document.

INTRODUCTION

Criteria for Evaluation of Trapping Devices
For the purpose of developing trapping BMPs, thresholds were established by the
Furbearer Conservation Technical Work Group of AFWA for several trap performance
criteria. These thresholds were derived from reference standards annexed to the 1997
understanding reached between the United States of America and the European
Community and with input from wildlife biologists and wildlife veterinarians involved
in this effort. These thresholds provide a common framework for evaluating progress
toward the use of more humane traps and trapping methods. Assessments of injury
were undertaken in the furtherance of such common framework.
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Restraining Devices
All types of traps used on land to hold live animals were evaluated using five performance
criteria: animal welfare, efficiency, selectivity, practicality and safety. Live restraining
devices included cage traps; foothold traps; enclosed foothold devices, such as the EGG
trap™; and powered and non-powered cable devices, including modified designs like
the Belisle™ foot snare.

Traps were selected for testing
based on their relative use
among trappers surveyed by
IAFWA (now AFWA) in 1992
and 2004 and in consultation
with wildlife biologists and
expert trappers. Commonly used
trap models and modifications
and new, readily available designs
that may improve animal welfare
were given priority for testing.
Experienced local trappers tested
traps during regulated trapping
seasons using daily trap checks to
provide for consistent, repeatable
and reliable data for the most
accurate analysis possible.
Technicians accompanied trappers
and recorded data. Teams
worked under field conditions
throughout the United States
during regulated trapping seasons.
Wildlife veterinary pathologists
examined captured animals for
trap-related injuries using fullbody necropsies following
international trap testing
guidelines. A minimum of 20
specimens were examined for
each trap evaluated.

Animal Welfare
Trauma scales used to determine a level of animal welfare performance for restraining
traps are presented as guidelines in ISO (International Organization for Standardization)
Document 10990-5. One scale allocates points to specific injuries, including a zero score
for uninjured animals. The other scale groups specific injuries into classes ranging from
none to severe. A combination of both systems was used in this evaluation process.
The primary species captured in traps that meet BMP performance criteria must have
an average cumulative score of 55 points or less according to one scale. According
to the other scale, 70% or more of those in the sample must have no injuries or only
have trauma described as mild or moderate.
Efficiency
Traps meeting BMP criteria must be able to capture and hold at least 60% of the
primary species of interest that activate the trap. An activated trap is one that has
been sprung. An activated cable device is one that has the cable loop closed.
Efficiency = Number of primary species captured
Number of activations by primary species

>60%

Selectivity
Traps should be set and used in a fashion that limits the risk of capturing non-furbearers,
including domestic animals, while increasing the chances of capturing desired furbearer
species. Data concerning selectivity were collected in field studies and used to identify
those traps that have features that influence selectivity. These features and any special
considerations are provided in the Mechanical Description and Attributes section for
each BMP-designated trap.
Practicality
Traps should be practical for use in the field under trapline conditions. After a particular
BMP trap test, each trapper was asked for information regarding practicality. These
comments were then reviewed to detect any traps with consistently poor scores. In
addition, a panel of experienced trappers and wildlife biologists evaluated each trap
and considered the following:
• Cost of initial purchase and maintenance
• Replacement of parts, ease in setting and resetting
• Ease of transport and storage
• Weight and dimensions
• Reliability
• Versatility
• Expected usable life span
• Need for specialized training prior to use
Any special considerations are described in the Mechanical Description and Attributes
section for each BMP designated trap.
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The development of trapping
BMPs is an ongoing work that
is flexible and adaptable as
existing trap models are
improved and additional
models are tested. Criteria
to identify BMP traps are
standardized. Trap models that
were tested and met these
criteria are included in the
BMPs for individual furbearers.

Safety
Traps should not present a significant risk to the user, and if necessary, should have appropriate safety features, safety tools, or a combination of the two that can be used easily
under normal trapline conditions. Each trapper testing traps for the BMP project was asked
to judge whether tested traps posed an unreasonable risk to the user or others who might
come into contact with the trap. A panel of experienced trappers and wildlife biologists
then evaluated each trap. Safety issues, if any, are described in more detail in the
Mechanical Description and Attributes section for each BMP-designated trap.

Mechanically Powered Killing Devices
Mechanically powered killing traps, commonly called bodygrip or rotating-jaw traps
(e.g., Conibear™ traps), are designed to kill an animal when two rotating jaws close
on either side of the animal’s neck or chest. Most of the mechanical testing and research
on killing traps has been conducted at the Alberta Research Council facility in Canada.
Field-testing of killing traps has been conducted throughout the United States. Killing
traps are evaluated with the same five criteria as restraining traps (animal welfare,
efficiency, selectivity, practicality and safety), but killing traps must meet different
performance standards for animal welfare and safety.

Other commercially available
traps, modified traps, or other
capture devices not yet tested
may perform as well as or
better than the listed BMP
traps. Recommendations to
wildlife agencies, biologists
and trappers may be updated
as additional devices are
identified in the future. The
listing of specific commercially
available BMP traps is not
an endorsement by the
Association of Fish and
Wildlife Agencies or that of
any of our member agencies.

The animal welfare performance standard for killing traps set on land is that the trap
must cause irreversible loss of consciousness in 70% of the sample animals within 300
seconds. Killing traps must meet two additional performance standards for safety. First,
a trapper must be able to release him/herself from an accidentally fired trap without
assistance and second, the forces generated by the trap should not be likely to cause
significant human injury. Performance standards for commonly used killing devices are
comparable to those described for restraining devices.

Submersion Trapping Systems
Submersion trapping systems are frequently used for furbearers that are found in or
near waterways. These systems consist of traps, equipment and techniques that allow
or cause furbearers, when trapped, to quickly and irreversibly submerge until death
occurs. Submersion systems can employ bodygrip traps, cage traps, cable devices
or foothold traps of the appropriate size and weight. Traps are either set underwater
at a depth that prevents the captured animal from reaching the surface, or they are set
in shallow water near shore and attached with a one-way sliding lock to a cable
anchored in deep water.
The animal welfare performance standard for submersion trapping systems is that the
equipment must prevent the animal from surfacing once it has submerged. Performance
standards for submersion trapping systems are comparable to those used for restraining
and killing devices.

INTRODUCTION
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Capture Devices
Foothold Traps
Longspring and coil-spring traps (Figures 1a and 1b) are the most commonly used trap
types, as they can be used in a myriad of set types on land and in water. The basic
design of foothold traps has two jaws attached to a baseplate with a pan-trigger
device. Longspring traps are powered by either one or two springs while the standard
coil-spring trap is fitted with two small springs. Many modifications can be made to
affect the performance of these traps, as described in the next section. Some coil-spring
traps are designed to encapsulate the animal’s foot, and some have a bar trigger that
is either pulled or pushed for activation. These foot-encapsulating traps (Figure 2) are
highly species selective by design.

Figure 2. Enclosed foothold trap

Figure 3a. 7 x 7 and 7 x 19
Cable strands

Figure 1a. Longspring trap

Figure 1b. Coil-spring trap

Cable Devices

Figure 3b. 1 x 19 Single-strand
cable

A cable device is made of stranded steel cable set in a manner so that a loop of cable
encircles the animal’s body or limb. Like foothold traps, they can be used in a variety
of set types on land and in water. Modern cable devices are made from stranded steel
cable. Various sizes are used, three examples of which are: the 7 x 7 design that has
7 bundles of 7 wires each, the 7 x 19 design that has 7 bundles of 19 wires each
(Figure 3a), and the 1 x 19 single-strand design that consists of 7 wires (twisted right)
wrapped by 12 wires (twisted left) (Figure 3b). These cable types can be used effectively
as cable devices.

Each region of the country may
have conditions that affect
trapping, and BMPs are
developed with this in mind.
An example is the difference in
coyotes (i.e. behavior, size, habitat and management programs
across the U.S.), resulting in
two coyote BMPs (Eastern and
Western). Both trappers and
governmental agencies are
encouraged to use BMP traps
that are best suited for their
purposes. All trappers should
consult state trapping
regulations to be sure the
devices and techniques
recommended in the BMPs
are permitted in their state.

A non-powered cable device uses the forward movement of the animal to place and
close the loop on its body or limb. The powered cable device uses a mechanical
feature, such as a spring, to place or close the loop of the cable on an animal’s body
or limb. An example of a powered cable device is the coil-spring activated Belisle™
Foot Snare (Figure 4a), which employs a foothold-like pan system to activate springs
that throw a cable around the animal’s foot.
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Figure 4b. Non-powered cable device components

Figure 4a. Belisle foot snare

Cable devices can be designed in several ways and may have one or more of the
following components: relaxing lock; break-away J-hook S-hook, or ferrule; stabilizer
tubing; loop stop ferrule, in-line swivel; and/or anchor swivel (Figure 4b). Relaxing
locks allow the loop of the cable device to draw smaller as the animal pulls against it
but does not continue to close when the animal stops pulling (Figure 4c). Many types
of relaxing locks are available. Ferrules are used for several purposes, such as to hold
the lock or swivel on the cable or as a breakaway device. Ferrules can be made from
many materials, including a steel nut, wire or aluminum cylinders. Break-away devices
are components that allow an animal to escape from the cable device if it pulls against
it with sufficient force (Figure 4d). Ferrules and J-hooks are two examples of breakaway
devices. Loop stops may be made from heavy gauge wire, steel nuts or crimped ferrules
and may be used to maintain the cable loop at a minimum or maximum diameter, or
both (Figure 4b). The maximum loop stop prevents larger animals from entering the
cable loop, while the minimum loop prevents the cable loop from closing around an
animal’s foot.

Figure 4c. Relaxing lock (example)

Bodygrip Traps
Bodygrip traps (Figure 5) are designed to kill an animal quickly when one or two rotating
jaws strike the animal’s neck or chest. These traps may be powered by one or two springs.
Bodygrip traps operate in a manner similar to the common mouse trap.

Figure 4d. Typical break-away

Cage or Box Trapping Systems
A cage trap or box trap is designed in such a manner that the animal enters the trap
through a door that closes, preventing the animal from exiting (Figure 6). These traps
can be used for multiple species, limited by the door size and length. They are difficult
to conceal and may be avoided by some animals. Some of these traps can be used to
transport animals where permitted by law.

Figure 5. Standard bodygrip trap
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Components of Foothold Trap
and Cable Device Systems
Swivels
Proper swiveling is the key to preventing the chain or cable of an anchoring system
from binding at the stake, drag or grapple. This is important because it minimizes
injury to the captured animal, reduces fur damage and may prevent cable breakage.
On a foothold trap, the anchoring system should be attached with a swivel to the center
of the base plate of the trap. The anchoring system of most restraining devices should
include one or more swivels along the length of the anchoring system, including one at
the anchor point. At least two or more swivels are recommended along the anchoring
system of a foothold trap (Figure 7a). For cable device systems, at least one swivel at
the anchor point and one in-line swivel along the cable are recommended (Figure 7b).

Figure 6. Cage trap

Trap Anchoring Systems
The anchoring system should always be strong enough to hold the largest furbearer
that might be captured. When stakes are used to anchor traps, they must be of
sufficient length to prevent the captured animal from pulling the stake. If there is doubt
that a stake will hold (e.g. in sandy soils), use two stakes with a cross-staking method
to ensure the stakes will not move after the catch (Figure 8). Cable stakes are also
effective. Drags or grapples may be used effectively in some terrain and may also
allow the captured animal to find cover. Similarly, when using a submersion system,
the chain length must be short enough and the terminal end of the anchoring system
deep enough to keep the animal underwater.

Figure 7a. Foothold trap

The use of in-line shock springs on anchoring systems, whether they are stakes or drags,
may reduce injury and/or prevent escape (Figure 9). Shock springs should be of high
quality and adequate strength to resist a captured animal’s ability to destroy the spring.
By cushioning lunges of a captured animal, shock springs may minimize the chance of
cuts and joint injuries. This cushioning action may also decrease “stake pumping,”
reducing the chances that the captured animal will escape.

Figure 7b. Cable device
swivel system

Foothold Trap Modifications
Several BMP traps are conventional models that have been modified. Examples of modifications include: laminating and/or offsetting the jaws, adding extra coil spring, using
pan-stops or reinforcing the base plate. Most trap manufacturers and suppliers now offer
modified traps or will modify traps upon request. Trappers also can modify their own traps
to replicate the BMP trap models in this document. In any case, sturdy materials should be
used to ensure durability in the field.

Figure 8. Cross-staking

Figure 9. In-line shock spring
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Offset Jaws
Offset jaws contain a space between the gripping surfaces on the closed jaws of a
foothold trap. Typically, the offset ranges from 1/8 to 1/4 inch (Figure 10). Offset jaw
models allow spring levers on coil-spring traps and spring eyes on longspring traps to
close higher upon capture, thereby reducing the chance that the captured animal will
escape. In addition, clamping pressure is slightly reduced when levers are fully raised
which may improve animal welfare under some conditions.

Double Jaws

Figure 10. Offset jaws

Using a foothold trap with a double jaw configuration improves animal welfare for
some species. The double jaw configuration decreases the distance between the jaw
and trap pan, limiting access to the restrained foot. Single jaw traps of the appropriate
size can be modified to this configuration by adding a second jaw below the primary
jaw (Figure 11).

Lamination and Padding
Expanding the trap jaw thickness with lamination or the addition of rubber pads will
increase the surface area of the jaw on a trapped animal’s foot and may influence both
animal injury and capture efficiency. Lamination may be attached above and/or below
the trap jaws, to expand the jaw thickness by welding on an additional strip of metal
rod (Figure 12). Lamination typically is an after-market addition, though some trap
suppliers provide this service. Padded traps are usually prefabricated. Replacement or
repair of rubber pads is periodically required, especially after captures (Figure 13).

Figure 11. Double jaws

Additional Springs
Sufficient trap strength is needed to hold an animal by the foot. Some coil-spring
traps may perform better with the addition of two extra coil springs, commonly
referred to as “four-coiling.” Four-coiling also makes the trap more stable when
bedded. Recommended spring wire diameters are provided in the Mechanical
Description and Attributes section for each trap meeting BMP criteria (Figure 14).
Figure 12. Laminated jaws

Pan Stops
The use of a pan stop assembly decreases the distance between the trap jaw and pan
after the trap is sprung, limiting access to the restrained foot and reducing the chance
of injury (Figures 15a and 15b). Pan stops also prevent the animal from stepping too
far into the trap, ensuring optimal jaw placement on the restrained foot.

Reinforced Base Plates
Trap base plates can be reinforced by welding a piece of flat steel to the bottom of
the trap frame, thereby strengthening the trap frame and preventing it from bending.
The reinforcement plate also can be used as a point of attachment for center swiveling.
Figure 13. Padded jaws

Figure 14. Additional springs
(four coiling)
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Trap Tuning, Preparation and Maintenance
Inspection of Foothold Traps
Most new traps require some minor adjustments to operate correctly. New traps may
have sharp edges or burrs that must be removed to avoid injuries to the trapped animal.
The upper and lower corners of jaw faces should be filed to remove sharp, squared
edges. On offset jaw models, jaw contact points also should be rounded as necessary,
though not so much as to reduce the width of the offset. Similarly, used traps and attachments should be inspected for wear before each season (Figure 16).
• Weak coil springs should be replaced
• Trap components, such as swivels, J-hooks, and S-hooks, must be of sufficient
strength, must operate freely without binding, and must not be damaged
• J-hooks should be welded shut when trapping large, strong animals such as coyotes
• Sharp edges on jaws or any part of the trap should be smoothed with a file

Figure 15a. Pan stop, set position

Leveling Trap Pans
A level pan is important because it optimizes the angle of capture of the animal’s foot.
When the trap is set, the trap pan should be level with the jaws. If the pan rests too
high or too low, it should be adjusted (Figure 17).

Figure 15b. Pan stop, closed position

Short Pan Throw
The amount of space where the trap dog (trigger) fits into the pan notch determines how
far the trap pan must drop before the trap activates (Figure 18). A file can be used to
“square” the trigger slot and the end of the dog to produce a short pan throw and crisp
action. A short pan throw, used in conjunction with the correct pan tension for the target
species, will result in desired capture positions on the animal’s foot.

Inspection of Cable Devices
Cable devices and all components should be inspected before use for kinks or other
imperfections that may keep them from closing smoothly. After capturing an animal,
discard the used cable and inspect the other parts of the cable device for damage or
weakening before using them again.

Figure 16. Trap components

Treating and Handling Traps and Cable Devices
New foothold traps, bodygrip traps, and cable devices are often coated with oil that
must be removed before use. A good method to remove the oil is to boil the devices in
water mixed with baking soda (for cable devices), or mixed with detergent (for traps).
This process will dull the finish, remove unnatural odors, and allow traps to begin forming
a light coat of rust. Rusted traps can then be dyed and waxed, with the exception of
bodygrip traps and cable devices, which should never be waxed. Some trappers also
boil cable in water a second time with logwood crystals or other plant materials to
darken the wire and add some natural scent. Cage or box traps are sometimes spray
painted to help with concealment. After treatment, handle cable and traps with gloves
that are free of scent and store them in a dry place where no unnatural odors will be
absorbed. Many techniques for treating traps and cable are available and are best
learned from trapper education materials or experienced trappers.

Figure 17. Level pan

Figure 18. Short pan throw
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Trapping Techniques
Using the correct size and type of restraining trap is essential to achieving a high level
of efficiency and minimizing the risk of injuring the captured animal. How an individual
trapper chooses to use a trap also is critical. Likewise, the correct size and type of bodygrip
trap or cable device will allow for efficient capture while meeting animal welfare criteria.
Presented here are techniques and practices recommended by experienced trappers
and wildlife biologists that provide for improved animal welfare, selectivity, efficiency
and user safety. These suggestions may be familiar to some but new to others.

Figure 19. Pan tension
measuring device

All trappers are strongly encouraged to use as many of these techniques as practical.
More detailed information on recommended techniques is available through various
trapper education manuals, manufacturer’s documents, instructional videos and trade
publications.

Set Location for Traps
Careful choice of trap location can influence animal welfare, efficiency and selectivity
of trap sets. Trappers should choose set locations that:
• Prevent entanglement with fences or other objects that might result in injury
• Minimize the chance that objects or debris will prevent swivels from functioning properly
• Minimize the capture of non-furbearers
• Minimize the captured animal’s exposure to domestic animals and human activities
(e.g. avoid trails used by people)

Figure 20a. Bodygrip, blind trail set

Lure, Bait and Attractants
Careful placement and selection of baits, lures, and other attractants can greatly
increase capture efficiency and selectivity. Certain baits or lures (e.g. meat-based
attractants) may be more attractive to pets and hunting dogs and should be used
cautiously.

Figure 20b. Bodygrip, cubby set
with restricted entry

Many states prohibit setting traps near large carcasses, or using exposed baits or fur
or feather attractants. Be sure to comply with state regulations concerning the use of
baits and attractants. Consult trapper education materials to learn how to use baits,
lures, and attractants to improve the selectivity and efficiency of your sets.

Proper Pan/Treadle Tension – Foothold and Cage Traps
Pan tension influences trap selectivity. Most new traps have pan tension bolts and those
that do not can typically be fitted with commercially available or homemade pan tension
devices. Pan tension can be adjusted so certain weights are required to depress the
pan and trigger the trap, thereby affecting trap selectivity. The pan likely will need
readjustment after each capture. Devices for measuring pan tension are commercially
available or may be easily constructed (Figure 19). To test pan tension with the type
of device shown in Figure 19, the proper amount/weight of material (sand, water, etc.)
should be added to the jug to depress the pan at the desired pan tension weight
(e.g. 2 pounds., 4 pounds., etc.). Recommendations for appropriate pan-tension are
given in the species chapters.

Figure 20c. Bodygrip, pole set

INTRODUCTION

12

Association of Fish and Wildlife Agencies

Bodygrip Trap Considerations
Different species have different shapes and behaviors that influence how they approach
bodygrip traps. Trigger systems on bodygrip traps can be configured to improve trap
efficiency and animal welfare (time to irreversible unconsciousness) by affecting strike locations.
The selectivity of bodygrip traps also can be impacted by trigger configurations, as the shape
and location of the trigger can be modified to avoid certain species while capturing others.
Bodygrip traps on land are sometimes used in blind trail sets (Figure 20a) or in conjunction
with cubbies (Figure 20b) or in above-ground sets (Figure 20c) to avoid capture of certain
species either because of species size or behavior. Further, many states prohibit setting
bodygrip traps on land unless they are used in conjunction with one or more of these techniques. Be sure to comply with state regulations concerning the use of these traps. Consult
trapper education material to learn how to use cubbies and trap placement to improve the
selectivity and efficiency of your sets.

Figure 21. Restraint circle

Avoiding Entanglements
Foothold traps and cable devices when staked should be set so the captured animal
cannot entangle the anchoring system in any object. These devices should not be set
near fences or farm equipment. Trap sites should be cleared of all objects (e.g. rocks,
logs, and rooted, woody stems) that could be reached by the captured animal and
become entangled in the anchoring chain or cable. This usually means some clearing
work with pruning shears, a hatchet, or a saw. The area that needs to be free of
entangling objects depends on the size of the target animal and the length of the
anchoring system (Figure 21). If the trap anchoring system becomes entangled with
objects at the set, the swiveling system may become inoperable.

Figure 22. Spring latches

Trap Safety
Restraining foothold devices have excellent safety records, but as with any tools,
precautions should be taken in handling them. Use of available safety equipment, such
as gloves and safety glasses, should be considered while setting traps.

Figure 23. Bodygrip safety gripper

Personal safety is more of an issue when handling bodygrip traps, especially the larger sizes.
Bodygrip traps must close with considerable force to meet animal welfare performance standards. Trappers should be familiar with the safe and efficient use of bodygrip traps. We
recommend the use of spring latches (Figure 22) on both springs and a safety gripper on
trap jaws (Figure 23) when setting bodygrip traps. Most bodygrip traps are equipped
with spring latches, and these should be engaged when the springs are compressed. A
variety of safety locks are available for the jaws, and one should be attached when the
jaws are moved to the set position. These safety devices protect the trapper and make it
easier to position and anchor the trap. Safety devices should be disengaged only when
the set is completed. It is also recommended that trappers carry one of the commonly
available setting tools to help free oneself if accidentally caught.
Checking and removing the set should always be done carefully. Spring the trap or
engage the safety latches before removing sets. Never reach under the ice to check
bodygrip traps, particularly if the hole in the ice is too small to pull the trap through.
Never use your hands or feet to locate a bodygrip trap that is underwater, under ice
or out of sight.

Releasing or Dispatching Captured Animals
Restraining devices give trappers the option of either releasing or dispatching captured
animals. A capture pole is one of several tools that a trapper can use to release animals.
Using these devices, animals can be safely released from restraining traps. Techniques
for release and dispatch are best learned from a trapper education program or from
experienced trappers.
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INTRODUCTION
Advances in the study of mammals, from exploring
physiological functions to understanding evolutionary relationships and developing management strategies, are predicated on responsible use of mammals in research. Founded in
April 1919, the American Society of Mammalogists (ASM)
has long been concerned with the welfare of mammals, and in
particular, natural communities. In 1928 one of the founders of
the ASM, Joseph Grinnell, instructed administrators of
Yosemite National Park to maintain the park as a natural
mammalian community without unnecessary or destructive
development. Grinnell (1928:76) described various management tactics for park managers to follow, but in particular he
advised that to address an unwanted increase in the bear
population, park officials needed to ‘‘devise [some] means
whereby troublesome individual bears could be discouraged
from raiding food-stores, without doing them serious bodily
harm. But I recommend that exceeding care be taken in such
procedure, not to rouse, unnecessarily, adverse public opinion,
and not to drive away the bears altogether, for they constitute a
particularly valuable element in the native animal life of the
valley.’’ Thus, Grinnell made informed management recommendations and also advocated animal care and use with
sensitivity toward public opinion. The same is true today
because mammalogists care deeply about the sentient
organisms they study.
Differences between medical research and basic research on
mammals frequently pose problems for field researchers
because regulations developed for laboratory environments
and domesticated taxa are increasingly and inappropriately
extrapolated to the field and to wild taxa even though
conditions and context are dissimilar. In medical research
artificially selected, domesticated strains are used to reduce
differences among individuals. In this research the mammalian
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model (usually Mus or Rattus) frequently is considered more
the vessel, vehicle, or source of tissue for the drug study or
neuroscience investigation. In contrast, field researchers
usually are interested in the mammals themselves as the focus
of study, and variation among individuals and natural
behaviors are of fundamental interest and importance.
Guidelines for animal protocols have become more important
with increasing use of native animal models in research. The
Animal and Plant Health Inspection Service (APHIS) within
the United States Department of Agriculture (USDA) unit has
amended the Animal Welfare Act (AWA—USDA 2005;
http://www.access.gpo.gov/uscode/title7/chapter54.html) to
oversee field studies, which are defined as studies conducted
on free-living wild animals in their natural habitat.
The ASM publication Guidelines for the Use of Animals in
Research (ad hoc Committee for Animal Care Guidelines
1985) was the 1st effort to codify the expertise and philosophy
of experienced, professional mammalogists on use of
mammals in research. This single-page statement broadly
listed considerations, such as concern for number of animals
used, and highlighted laws that regulated use of animals
(including Convention on International Trade in Endangered
Species). It stated that the investigator should exercise good
judgment and prudence when using animals in research. More
complete guidelines were published by the ASM in 1987 with
Acceptable Field Methods in Mammalogy: Preliminary
Guidelines Approved by the American Society of Mammalogists (ad hoc Committee on Acceptable Field Methods in
Mammalogy 1987), 1998, and again in 2007. Resources for
the various editions of these guidelines included information
from the United States, other governments (e.g., Canadian
Council on Animal Care—Olfert et al. 1993), other professional societies, such as the Society for the Study of Animal
Behaviour (2006), the American Veterinary Medical Associ-
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ation (AVMA 2007) AVMA Guidelines on Euthanasia, and
various publications on trapping methods. In essence, earlier
versions of the ASM guidelines provided highlights of more
complete information available from either the Guide for the
Care and Use of Laboratory Animals (hereinafter Guide—
National Research Council [NRC] 1996) or the AWA; these
were, minimize numbers taken, reduce pain or distress of
captive animals, and provide humane euthanasia where death
was the endpoint. An overview of the development of the
ASM guidelines through their various iterations is provided in
the 2007 publication (Gannon et al. 2007) and is not repeated
here.
These newly revised guidelines are intended to provide
investigators and those charged with evaluating animal use in
research (institutional animal care and use committees
[IACUCs], reviewers and editors of research manuscripts,
management agency personnel, graduate committees, and the
public) with up-to-date general and specific guidance on
ethical care and use issues and health, safety, and environmental concerns particular to nondomesticated mammals. We
emphasize that these guidelines are not intended to constrain
ingenuity in meeting research demands but rather to bring
relevant safety, regulatory, and ethical concerns regarding
animal use to the attention of investigators. It is the
responsibility of the principal investigator of a project to
justify deviations from federal guidelines during submission of
a protocol to an IACUC. Institutions have various requirements for animal use and care, but as scientists we have
developed an ethos toward animal use. ‘‘Ethics’’ typically is
defined as a study of moral values, that is, expectations about
beliefs and behaviors by which we judge ourselves and others
(Macrina 2005). All research procedures commonly used
today must be considered and discussed by IACUCs as to
whether they cause even momentary pain and distress.
This document was prepared and approved by the ASM,
whose collective expertise provides a broad and comprehensive understanding of the biology of nondomesticated
mammals in their natural environments. It is intended to be
a resource for investigators, educators, and oversight bodies
regarding use of wild mammals in research and teaching,
particularly in those instances where difficulties might arise in
defining what is appropriate when dealing with nondomesticated mammals and field procedures. We emphasize that this
document is not intended to be an exhaustive catalog of
procedures and that final approval of any protocol rests with
the IACUC.

GENERAL GUIDELINES
Fieldwork with Mammals
Fieldwork is arguably the most difficult issue for IACUCs
and others who typically evaluate use of animals in laboratorybased studies. Fieldwork in mammalogy involves designing
and conducting research to address scientific questions by
working with mammals in their natural habitats. This process
might involve capturing an animal to obtain reproductive and
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other data and subsequently releasing it to obtain additional
information on population dynamics, movements, and habitat
relationships. In some cases the investigator might bring a
wild-caught animal into an animal resource facility for further
study. In the United States field and laboratory researchers
who receive federal support must comply with relevant
provisions of the United States Public Health Service policies
on humane care and use of laboratory animals (Office of
Laboratory Animal Welfare, National Institutes of Health—
Office of Laboratory Animal Welfare 2002a). Use of
sedatives, analgesics, and anesthetics often is under federal
and state control. Investigators must consult with federal and
state drug enforcement agencies and obtain appropriate
licenses during the design stage of a study. Some drugs
(e.g., narcotics) must have strict inventory logs and be stored
in doubly locked areas to prevent unauthorized access.
Training, especially in the rapidly changing area of
compliance, is extremely important for all individuals
handling vertebrate animals. Some training is available online
or is organized by IACUCs at universities and other
institutions. Other training is provided by laboratory-animal
veterinarians or technicians experienced in research-oriented
procedures. Training provides the investigator with experience
in acceptable methods of restraining, marking, monitoring
vital signs, administering injections, taking blood samples, and
assessing stress or signs of pain or distress. The investigator is
responsible for knowing how to perform procedures in the
appropriate setting (field, laboratory, etc.) for which their
protocol was approved. In this document we outline issues
associated with research involving mammals and provide a
framework for addressing those issues based on animal
welfare regulations, scientific studies, and our experiences as
mammalogists.
The IACUCs are urged to recognize the investigator as a
cooperator versed in the biology of the taxa used in their
research. Wild vertebrates, particularly mammals, are vastly
different in physiology and behavior from their usually highly
inbred conspecifics used in biomedical research. Wild
vertebrates do not inhabit antiseptic, stress-free environments
with ad libitum food. With these differences in mind,
investigators should serve as resources to their IACUCs and
institutional veterinarians.
Compliance with Laws and Regulations
Mammalogists conducting research associated with a
college, university, or museum that receives federal grant
funding are advised to seek approval from their IACUCs and
to obtain proper permits from local and federal agencies
before conducting any procedure involving live animals.
These permit requirements apply whether the principal
investigator is working within the United States or elsewhere.
The AWA authorizes the USDA/APHIS to regulate vertebrates used (or intended for use) in research, testing,
experimentation, or exhibition purposes, or as pets, regardless
of whether animals are maintained in a laboratory or farm
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setting. However, the USDA/APHIS does not regulate animals
used for food or fiber (or for improving quality of food or
fiber), or for improvement of animal nutrition, breeding,
management, or production efficiency.
The United States Fish and Wildlife Service defines a
mammal as any member of the class Mammalia, including any
part, product, egg, or offspring, or the dead body or parts thereof
(excluding fossils), whether or not included in a manufactured
product or in a processed food product (Office of Laboratory
Animal Welfare 2002a). In this context, ‘‘permit’’ is any
document designated as a ‘‘permit,’’ ‘‘license,’’ ‘‘certificate,’’
or any other document issued by the United States Fish and
Wildlife Service to authorize, limit, or describe an activity and
signed by an authorized official of the United States Fish and
Wildlife Service. Although the focus of this section is on federal
and state regulations in the United States, investigators,
regardless of their nationality or location of their research,
should understand that local, state–provincial, federal–national,
or international laws or regulations likely exist that pertain to
scientific collecting, transport, possession, sale, purchase,
barter, exportation, and importation of specimens or parts
thereof, or other activities involving native or nonnative species
of mammals. Therefore, each investigator must have knowledge of, and comply with, all relevant laws and regulations
pertaining to field collection of mammals. Federal regulations
exist in the United States that pertain to collection, import,
export, and transport of scientific specimens of mammals, and
ignorance of the law or even inadvertent violation of regulations
could result in prosecution. Researchers living in or conducting
research in the United States must obtain permits issued by
federal agencies to import or export specimens of nonendangered species through a nondesignated port of entry;
import or export endangered wildlife through any port; import
injurious wildlife; import, export, ship interstate, take, or
possess endangered species or parts thereof for research or
propagation; take, harass, possess, or transport marine mammals; import or transfer etiological agents or vectors of human
disease and living nonhuman primates; collect scientific
specimens on national wildlife refuges; import ruminants and
swine, including parts, products, and by-products; and import
organisms or vectors, tissue cultures, cell lines, blood, and sera.
When moving specimens of mammals into or out of the
United States, researchers are required to file United States
Fish and Wildlife Service Form 3–177—currently the
electronic declaration form (e-Dec) available at www.fws.
gov is preferred and may be mandatory at the regional office
or port of entry—and any necessary permits from the
Convention on International Trade in Endangered Species if
species are listed in Convention on International Trade in
Endangered Species appendices I–III. Investigators working
outside the United States should expect similar regulations in
other countries and ensure compliance with all applicable
regulations dealing with species of special concern. Investigators also must ascertain whether additional permits are
needed when they review state–provincial and federal–
national laws and regulations that relate to their planned field
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investigations. Further, investigators must be familiar with
current lists of mammalian species deemed threatened or
endangered by appropriate state–provincial or federal–national
governments and comply with all laws and regulations
pertaining to capture of these and other categories of protected
mammals. A list of threatened or endangered species and
subspecies under the United States Endangered Species Act is
available from the Office of Endangered Species, Fish and
Wildlife Service, United States Department of the Interior,
Washington, D.C. 20240 (http://www.fws.gov/endangered/
wildlife.html). Regulations relevant to these taxa are published
in the Code of Federal Regulations, Title 50, Chapter 1;
amendments to regulations under Title 50 also are published in
the Federal Register (USDA 2005).
Most states and provinces require scientific collecting
permits, and investigators must comply with this requirement
and other regulations imposed by agencies in the states or
provinces in which they conduct fieldwork as well as
international regulations. International Union for the Conservation of Nature, United States Fish and Wildlife Service, and
Convention on International Trade in Endangered Species
status is indicated in Wilson and Reeder (2005), but
investigators should check for updates. Lists of all mammals
(and other animals and plants) that are regarded as
endangered, threatened, or species of special concern, along
with other pertinent information, are maintained by the United
States Fish and Wildlife Service. Additional information is
available on the International Union for the Conservation of
Nature Red List (http://www.iucnredlist.org/) and from
Convention on International Trade in Endangered Species
(http://www.cites.org/). States, national and state parks, or
other organizations might have additional regulations regarding scientific uses of wildlife on lands under their jurisdiction.
Compliance with these regulations is essential. Finally, the
investigator should obtain permission of the owner, operator,
or manager of privately owned land before commencing
fieldwork thereon.
Many institutions, and state, provincial, and federal governments, have regulations or recommendations concerning handling and sampling rodents or other mammals that might be carriers
of zoonotic diseases. Investigators must ensure their own safety
and that of employees or students by understanding the diseasecarrying potential of the mammals they study. Additionally, as
part of their charge of reducing institutional liability, most
IACUCs have adopted some form of occupational health
screening for all persons involved with animal research. Screening
might involve completion of a check-off form inquiring about
allergies or other health conditions of investigators, students, and
employees, or even a more detailed examination.
Categorization of Animal Use for USDA Compliance
[Note: In 2010 the ASM, in conjunction with the Ornithological Council, reviewed guidance documents available to
institutions and developed a joint position regarding categorization of animal use for USDA compliance. This text was 1st
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disseminated as a position statement and addendum to the 2007
version of these guidelines in 2010. The portions of this joint
position relevant to work with mammals are included here.]
Two aspects of animal usage classification can cause
confusion where activities involving wild animals are
concerned: classification of the capture of free-ranging
animals within the USDA reporting categories of pain and
distress; and identification of field studies for the purpose of
determining when IACUC protocol review and IACUC site
inspection are required.
United States Department of Agriculture reports: pain and
distress categories.—The AWA (7 USC 2143(b)(3)(A)) and
the implementing regulation (9 CFR 2.36) require that
research facilities in the United States subject to these laws
file an annual report with the USDA Animal Care Regional
Office documenting their research and teaching activities that
used live animals covered by the AWA and its implementing
regulations. A component of this report is classification of
animal usage into categories intended to describe the absence,
presence, or extent of pain or distress and the use of drugs to
alleviate these conditions.
United States Department of Agriculture descriptions for
animal reporting categories as defined on the reporting form
(APHIS Form 7023) are:
C—Animals upon which teaching, research, experiments, or
tests were conducted involving no pain, distress, or use
of pain-relieving drugs.
D—Animals upon which experiments, teaching, research,
surgery, or tests were conducted involving accompanying pain or distress to the animals and for which
appropriate anesthetic, analgesic, or tranquilizing drugs
were used.
E—Animals upon which teaching, experiments, research,
surgery, or tests were conducted involving accompanying pain or distress to the animals and for which the use
of appropriate anesthetic, analgesic, or tranquilizing
drugs would have adversely affected the procedures,
results, or interpretation of the teaching, research, or
experiments, surgery, or tests. (An explanation of the
procedures producing pain or distress on these animals
and the reasons such drugs were not used must be
attached to the report.)
Guidance for classifying painful procedures is provided in
Policy 11 of the Animal Care Resource Guide: Animal Care
Policy Manual published by the Animal Care Program of the
USDA, APHIS (1997). However, this minimal guidance and
the examples given therein pertain to procedures conducted in
a laboratory setting, usually in the context of biomedical
research.
Classification becomes especially problematic when institutions are faced with applying regulations intended primarily
for laboratory settings to the very different context of freeranging animals. The 2 critical terms in these descriptions are
‘‘pain’’ and ‘‘distress.’’ According to the Animal Care
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Resource Guide: Animal Care Policy Manual (Animal Care
Program, USDA, APHIS 1997), Policy 11, a painful procedure
is defined as one ‘‘that would reasonably be expected to cause
more than slight or momentary pain and/or distress in a human
being to which that procedure is applied, that is, pain in excess
of that caused by injections or other minor procedures.’’
Distress is not defined in current policy except by example:
‘‘Food or water deprivation beyond that necessary for normal
presurgical preparation, noxious electrical shock that is not
immediately escapable, paralysis or immobility in a conscious
animal.’’ The principal investigator and the institution must
then contend with the task of determining the appropriate
classification of captured mammals.
United States Department of Agriculture classifications as
applied to animal capture and noninvasive field procedures.—
Mammal capture devices are designed either to hold the
animal unharmed (live traps) or to kill the animal outright
upon capture. Barring mechanical malfunctions and with
appropriate placement and trap checking frequency, animals
captured in live traps or nets are simply held without injury
until removal. Appropriate training is essential for setting
capture devices and for removing animals from those devices.
Pain or distress, as described in the Animal Care Resource
Guide: Animal Care Policy Manual (Animal Care Program,
USDA, APHIS 1997), is unlikely to result from the simple
capture of free-ranging mammals using most live traps or
capture techniques approved by the ASM, so animal usage in
these instances is consistent with USDA Category C.
Most tissue sampling and marking techniques in the field
also are consistent with USDA pain Category C provided that
procedures are not more invasive than peripheral blood
sampling. Support for this classification is provided in the
Guidelines for Preparing USDA Annual Reports and Assigning USDA Pain and Distress Categories (National Institutes of
Health, Office of Animal Care and Use 2009). This document
is distributed by the National Institutes of Health Office of
Animal Care and Use, which is the oversight office for
intramural research. This guidance expressly states that
Category C includes most blood-collection procedures and
tissue-collection procedures that involve no or only momentary or slight pain. Based on these same National Institutes of
Health guidelines, USDA Category C is also appropriate in
instances where protocols requiring peripheral tissue sampling
or tagging and release of free-ranging animals necessitate
chemical immobilization to conduct the procedures, provided
that immobilization is performed only to facilitate the
procedure and protect the animal and the researcher from
injury rather than to alleviate pain or distress induced by the
procedure.
Free-ranging mammals captured in live traps and subsequently euthanized as part of the research study or that are
taken in properly functioning kill traps meet the standards for
either USDA Category C or Category D; the distinction
between these reporting categories depends upon how the
animal is killed. Category C appropriately applies to animals
taken in live traps if the animals show no obvious signs of pain
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or distress. The same category applies to animals trapped and
then subsequently euthanized using accepted methods that
avoid inducing pain or distress and those taken in properly
functioning kill traps. These conclusions are consistent with
example 4 in the Animal Care Resource Guide: Research
Facility Inspection Guide (Animal Care Program, USDA,
APHIS 2001), Section 14.1.10, except that death is intentional
rather than unexpected. The Research Facility Inspection
Guide pertains to laboratory animals rather than free-ranging
wildlife, but euthanasia following a live capture that does not
result in pain or distress is analogous to this example.
The Guidelines for Preparing USDA Annual Reports and
Assigning USDA Pain and Distress Categories (National
Institutes of Health Office of Animal Care and Use 2009)
make clear that assignment of animals to a reporting category
is retrospective. Even though a trapping method ordinarily
might comprise Category C, if a problem occurred in the field
that resulted in pain or suffering necessitating pain alleviation,
Category D is the appropriate reporting category for that
particular animal. If livetrapping brings about pain or suffering
that necessitates euthanasia, or if kill-trapping fails to bring
about swift death and leaves a conscious animal in pain or
distress, Category D is the appropriate reporting category.
These situations are analogous to example 3 in Animal Care
Resource Guide: Research Facility Inspection Guide (Animal
Care Program, USDA, APHIS 2001) depending upon trap
type, trap specificity, and trapping technique.
Field studies.—Considerable misunderstanding has surrounded the application of the AWA to field studies.
Regulations promulgated by the USDA under the AWA
exempt field studies from IACUC review (9 CFR 2.31(d)),
where field study is defined as ‘‘any study conducted on freeliving wild animals in their natural habitat that does not harm
or materially alter the behavior of the animal under study’’ (9
CFR 1.1). None of these terms is defined in the regulation or
in guidance documents issued by the Animal Care Program.
The same regulation exempts from the inspection requirement
of 9 CFR 2.31 ‘‘animal areas containing free-living wild
animals in their natural habitat.’’
With regard to IACUC protocol review, the Public Health
Service Policy on Humane Care and Use of Laboratory
Animals (Office of Laboratory Animal Welfare 2002a) makes
no distinction between laboratory and field studies. Guidance
from the National Institutes of Health, Office of Laboratory Animal Welfare (http://grants.nih.gov/grants/olaw/faqs.
htm#ab) states, ‘‘If the activities are PHS-supported and
involve vertebrate animals, then the IACUC is responsible for
oversight in accordance with PHS policy. IACUCs must know
where field studies will be located, what procedures will be
involved, and be sufficiently familiar with the nature of the
habitat to assess the potential impact on the animal subjects.
Studies with the potential to impact the health or safety of
personnel or the animal’s environment may need IACUC
oversight, even if described as purely observational or
behavioral. When capture, handling, confinement, transportation, anesthesia, euthanasia, or invasive procedures are
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involved, the IACUC must ensure that proposed studies are
in accord with the Guide.’’ Other federal agencies have
voluntarily adopted these same rules. For instance, the National
Science Foundation Award and Administration Guide (http://
www.nsf.gov/pubs/policydocs/pappguide/nsf10_1/aagprint.pdf)
states, ‘‘Any grantee performing research on vertebrate animals shall comply with the Animal Welfare Act (7 U.S.C. 2131
et seq.) and the regulations promulgated thereunder by the
Secretary of Agriculture (9 CFR 1.1–4.10) pertaining to the
humane care, handling, and treatment of vertebrate animals
held or used for research, teaching, or other activities supported
by federal awards. The awardee is expected to ensure that the
guidelines described in the National Academy of Science
publication Guide for the Care and Use of Laboratory Animals
(NRC 1996) are followed and to comply with the Public Health
Service Policy and Government Principles Regarding the Care
and Use of Animals (included as Appendix D to the NAS
Guide).’’
How the definition of field study corresponds to the USDA
reporting categories is unclear. In most instances protocols
involving only procedures classified as Category C are
consistent with the regulatory definition of a field study.
However, lack of definition of key terms in the definition of
field study—harm, material alteration of behavior, and
invasiveness—introduce sufficient ambiguity in application
of the definition that further guidance from the Animal Care
Program would benefit the research community.
Numbers and Species (Including Endangered Taxa)
The Guide (NRC 1996) requires that protocols include
details concerning the numbers of animals to be used. These
details are relevant during IACUC discussions. The ‘‘3 Rs’’
outlined in the Guide (Reduction, Refinement, and Replacement—NRC 1996) direct IACUC committee members to
determine if the smallest number of animals necessary to
accomplish research goals is being used. Further, oversight
agencies such as the USDA focus on clear association of
animal numbers with procedures or research aims. Frequently,
field researchers do not know how many individuals will be
needed or sampled; this is especially true in the case of
surveys or other exploratory work common in mammalogy.
Statements in protocols such as ‘‘it is unknown how many
animals we will capture’’ are generally not well received by
the IACUC. For IACUC protocols the investigator can provide
generalized statements such as: ‘‘In this survey we expect to
collect different species of Oryzomys and will sample an
estimated 25 localities. We will not exceed 20 specimens/
species of Oryzomys/locality. It is anticipated that the total
number of specimens collected during this study will not
exceed 500 individuals/year.’’
The numbers of animals required in field studies will vary
greatly depending on study design, species’ life-history
characters, and questions posed. Behavioral studies might
involve capture of only a few animals where the focus is on a
specific behavior, or an entire population to mark all
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individuals. In the latter case the investigator can provide a
statement that ‘‘all animals in the population will be captured,
marked, and released, and it is estimated that this will not
exceed 200 individuals/year.’’ Genetic, taxonomic, ecological,
and other studies require a minimum sample size for statistical
analyses. Too few animals might not allow the investigator to
address research questions with sufficient scientific rigor and,
subsequently, will result in a waste of animals if the results
cannot be applied to test a hypothesis. A power analysis might
be performed to estimate the number of animals required to
obtain statistical significance for a given level of variance and
a minimum difference between samples. The NRC (2003)
provides guidelines for determination of sample size and
estimation of animal numbers for laboratory studies.
Institutional animal care and use committees also are
charged with approving the particular species of mammals
involved in a project. Again, medically oriented protocols
commonly use laboratory rats (Rattus norvegicus) and mice
(Mus musculus) bred for many generations by animal resource
facilities. Recent additions to laboratory mice and rats are
these same species bred as ‘‘knockouts’’ or transgenics (NRC
2003). Laboratory animals are bred for genetic manipulations
that produce disease conditions upon which treatments can be
tested. In addition to laboratory mice and rats, more than 5,400
species of mammals occur globally that field investigators
might study scientifically (Wilson and Reeder 2005). For such
studies the IACUC will require a protocol in which the
investigator provides an adequate description of the study
methods, experimental design, and expected results and a
summary of related, previous studies. The IACUC might
query investigators about planned methods of euthanasia even
if the proposed study involves only observing or catching and
releasing animals. ‘‘We are not killing any animals’’ is a
frequent, but unsatisfactory, response to an IACUC because it
indicates that the investigator has not considered methods of
treatment or euthanasia in the event of an unexpected injury.
The investigator must provide assurance to the IACUC that
permits necessary for use of wild mammals have been issued for
the proposed project; copies of permits might be requested by
the IACUC. Although most IACUCs usually do not focus on
scientific merit, it is required by federal regulations in the
United States that the IACUC ask that scientific merit has been
assessed. IACUCs that deal primarily with biomedical
protocols sometimes have difficulty evaluating the merit of
protocols of field studies. Peer review of scientific proposals,
approval of project permits by resource agencies, and support
from academic departmental chairs can provide assurance to the
IACUC that the project is sound and use of animals justified.
Although rare, the IACUC might seek an outside assessment or
request evidence of peer review to evaluate scientific merit.
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IACUC review (Section 2.31 (d) IACUC review of activities
involving animals (1) ‘‘field studies … are exempt.’’—USDA
2005), but many institutions interpret AWA in a broader sense
and require IACUC review of all laboratory, classroom, and
fieldwork involving vertebrate animals. For those studies that
require review and approval by the IACUC, many field
procedures for mammals are available (e.g., Kunz and Parsons
2009; Martin et al. 2000); these sources should be consulted
by the investigator during protocol preparation and referenced
as needed. Further, some institutions may have standard
procedures available to all investigators preparing protocols.
Considerations for Capturing Mammals
A variety of methods and devices are available for trapping
wild mammals. Techniques for capture of specific species of
mammals are detailed in summary sources (Wilson et al.
1996), Internet sites devoted to specific subsets of mammals
(http://www.furbearermgmt.org/resources.asp#bmps), and especially in articles from the primary literature. Trapping can
include live traps (e.g., Sherman, box, mist nets, snares,
Tomahawk, Hav-A-Hart, pitfall, nest box, and artificial
burrow), kill traps (Museum Special, rat traps, and pitfalls),
and other specialty traps for particular species or purposes.
Shooting might be necessary to obtain specimens of some
species. Sometimes physical capture of animals is not
essential, and investigators can use devices to obtain acoustic
signatures (ultrasonic detectors), visual data (still or video
cameras), or sticky devices to remove hair from free-ranging
mammals. Common reasons to capture mammals include
livetrapping to tag (with radiotransmitters, necklaces, ear tags,
or passive integrated transponder tags), mark (number, band,
hair color, freeze brand, ear tag, or toe clip), or collect tissue.
Regardless of the approach, potential for pain, distress, or
suffering must be considered. When livetrapping, adequate
insulation and food must be provided, and temperature
extremes avoided. Kill-trapping methods must provide an
efficient and quick death that minimizes pain. In general,
observational techniques are not of concern to IACUCs unless
they involve capture (e.g., capturing bats in mist nets to
identify species before animals are released or use of artificial
burrows or nest boxes to facilitate capture), harassment, or
visiting nest sites during critical times in a species’ life cycle
(e.g., bat nursery roost or seal pup nursery). Individual
IACUCs and institutional policies vary widely regarding
exemptions for observational studies, so investigators should
become familiar with their institutional policies before
beginning any work with mammals.
Live Capture

TRAPPING TECHNIQUES
Oversight of Field Studies
Field studies not involving invasive procedures that harm or
significantly alter behavior of an animal are exempt from

Investigators conducting research requiring live capture of
mammals assume the responsibility for using humane methods
that respect target and nontarget species in the habitats
involved. Methods for live capture include those designed for
small mammals (Sherman, Tomahawk, and Hav-A-Hart traps,
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pitfalls, artificial burrows, and nest boxes), medium-sized to
large mammals (Tomahawk, Hav-A-Hart, and foothold traps,
snares, corrals, cannon nets, culvert traps, and darting), bats
(mist nets, harp traps, and bags), and fossorial mammals
(Baker and Williams 1972; Hart 1973). Methods of live
capture should not injure or cause excessive stress to the
animal. Adequate measures should be taken to ensure that the
animal is protected from predation and temperature extremes
and has food and water available, as needed, until it is
released. For permanent trapping grids or webs the investigator might provide shelters over traps to protect captured
animals from extreme temperatures and precipitation (Kaufman and Kaufman 1989).
Use of steel foothold traps for capturing animals alive must
be approached cautiously because of potential for injury or
capture of nontarget species (Kuehn et al. 1986). For some
taxa foothold traps, including leg snares, might present the
only means of capture available and might be most effective
(Schmintz 2005; see also http://www.furbearermgmt.org/
resources.asp#bmps for specific techniques). When their use
is appropriate, investigators have an ethical obligation to use
steel foothold traps of a sufficient size and strength to hold the
animal firmly. Traps, other than snares, with rubber padded or
offset jaws should be used to minimize potential damage to
bone and soft tissue. Snares or spring foothold traps must be
checked frequently (perhaps twice daily or more often
depending upon target species and potential for capture of
nontarget species) and captured animals assessed carefully for
injury and euthanized when necessary. Nontarget species, if
uninjured, should be released immediately, but their release, as
with target species, might require chemical immobilization to
prevent injury to the animal or researcher.
The number of traps set at a particular time and location
should not exceed the ability of the investigator to monitor
them at reasonable intervals. Because prompt and frequent
checks of traps is the most effective way to minimize mortality
or injury to animals in live traps, the investigator should
consider staking or visibly flagging a trapline (or otherwise
devising some effective system) to ensure that all traps are
recovered and removed reliably and efficiently. Regular
monitoring ensures that target animals remain in good
condition while in traps and allows prompt release of
nontarget species with no ill effects caused by capture.
Examination intervals vary and are dependent on target
species, type of trap, weather, season, terrain, and number
and experience of investigators. Generally, live traps for
nocturnal species are set before dusk and checked at dawn.
Traps are then retrieved or closed during the day to prevent
capture of diurnal, nontarget taxa. However, live traps for
small mammals, particularly shrews, should be checked more
frequently (e.g., every 1.5 h—Hawes 1977) to minimize
mortality due to higher metabolism of these animals.
Similarly, species of larger size with high metabolic rates
(e.g., Mustela) also require shorter intervals between checking
traps. Live traps for diurnal species should be set at dawn or
early morning in areas that remain shaded or under trap
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shelters (Kaufman and Kaufman 1989) and checked every few
hours in warm weather. Traps then should be retrieved or
closed at dusk to prevent unintended capture of nocturnal taxa.
Thermoregulatory demands, especially for small mammals,
can induce stress even if duration of captivity is short.
Thermoregulatory stress can be minimized by providing an
adequate supply of food and nesting material in the live trap.
Because most live traps for small mammals are constructed of
metal and conduct heat readily, it might be necessary to insulate
traps to minimize hypo- and hyperthermia in captive animals.
Insulation can be accomplished by using such items as cotton or
synthetic fiber batting, leaves, or twigs to provide dead air space
between the animal and conducting surface and to provide escape
from the temperature extremes. Critical temperature tolerance
limits vary with species and environmental conditions. Investigators must be responsive to changing conditions and modify
trapping procedures as necessary to minimize thermal stress.
If disturbance (removal of animal or trap damage) of live
traps for small mammals by larger species of carnivores, birds,
and others is problematic, trap enclosures (Getz and Batzli
1974; Layne 1987) or other methods to secure traps might be
required. Pitfall traps can be fitted with raised covers to
minimize capture of nontarget species, provide cover from
rain and sun, and prevent predation from larger animals. Pitfall
traps used for live capture might require small holes in the
bottoms to allow drainage in rainy weather, or enhancements
such as small sections of polyvinyl chloride pipe to provide
escape from other captured animals.
Traps used for live capture of larger mammals include box
traps, Clover traps, and culvert traps. Some large mammals
(e.g., ungulates and kangaroos) can be herded along fences
into corrals or captured with cannon nets or drop nets
projected from helicopters using net guns. These methods
require immediate attention to the animals by trained
personnel to prevent injury and can cause substantial distress
in some species. With a large-scale capture it could be useful
to contract with a veterinarian to assist with any injured or
stressed animals. Depending on the nature of the activity,
individuals captured using these techniques might need to be
sedated or have their eyes covered until the investigator’s
work is completed (Braun 2005).
Large mammals also can be captured by delivering a
sedative into the hip or shoulder musculature using a dart gun.
Chemical immobilization, whether for capture or sedation,
requires training by a wildlife veterinarian and thorough
knowledge of proper dosage, antidote, and sedative effect. An
excellent reference for chemical immobilization of mammals
is Kreeger (1996). Local and national regulations may restrict
use of certain drugs (e.g., narcotics). Location of the animal
within the habitat should be considered in light of time
necessary for sedation and recovery to avoid injury or
drowning of the sedated mammal. Further, sedated mammals
must be monitored closely during procedures and observed
after release until they regain normal locomotion. In no
instance should sedated animals be left in proximity to water
or exposed to potential predators while under the influence of
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immobilizing drugs. Baits laced with tranquilizer have been
described (Braun 2005), but these should be used with caution
to prevent sedating nontarget species.
Bats can be captured effectively and humanely with mist
nets, harp traps, bag traps, or by hand (Kunz and Parsons
2009). Mist nets should not be left unattended for .15 min
when bats are active. Captured bats should be removed from
nets immediately to minimize injury, drowning, strangulation,
or stress. Bats must be removed carefully from mist nets to
minimize stress and avoid injury to delicate wing bones and
patagia. If a bat is badly tangled, it can be removed by cutting
strands of the net. Mist nets should not be used where large
numbers of bats might be captured at once (e.g., at cave
entrances) because numbers can quickly overwhelm the ability
of investigators to remove individuals efficiently and safely. In
these situations harp traps or sweep nets are preferred (Wilson
et al. 1996). Although harp traps do not require constant
attention, they should be checked regularly, especially when a
large number of captures is expected in a short period of time.
Investigators using harp traps should guard against predators
entering the trap bag or biting captured bats, predation of 1 bat
species on another, rabies transfer, or suffocation due to large
numbers of bats caught in a short time (Kunz and Parsons
2009).
To minimize stress on captured bats the number of mist nets
operated simultaneously should not exceed the ability of
investigators to check and clear nets of bats. Nets should not
be operated in high winds because these conditions can place
undue stress on bats entangled in nets. Mist nets should be
operated only at night or during crepuscular periods and
closed during the daytime to prevent capture of nontarget taxa
(e.g., birds).
Roosting bats sometimes can be removed by gloved hand.
Gloves should offer protection from bites but still allow the
investigator to feel the body and movements of the bat to
prevent injury to the animal. Long, padded tissue forceps
might be used to extract bats from crevices, but extreme care
should be taken to avoid injury to delicate wing bones and
membranes (Kunz and Parsons 2009).
Investigators should consider that the time of year that bats
are studied can impact their survival. Large or repeated
disturbance of maternity colonies can cause mortality of
offspring and colony abandonment (O’Shea and Bogan
2003). Also, repeated arousal of hibernating bats can lead to
mortality because of depletion of critical fat stores (Thomas
1995).
Captured small and medium-sized mammals should be
handled by methods that control body movements without
restricting breathing. Covering an animal’s eyes might reduce
its struggle to escape. Restraint by a mesh or cloth bag allows
the investigator to mark, measure, or otherwise sample an
individual through mesh or the partially opened end of the bag
(e.g., Cynomys gunnisoni—Davidson et al. 1999). Some small
mammals also can be transferred directly from a trap to a
heavy-duty plastic or cloth bag for transport. The design of
some traps (e.g., box-type traps such as Sherman or
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Tomahawk live traps) also allows them to be used as a
temporary cage for easy and safe transport.
Kill-trapping and Shooting
When study design requires that free-ranging mammals be
euthanized to collect specific types of data or samples,
individuals may be live-trapped (and then euthanized
humanely), trap-killed, or shot (AVMA 2007). When this
type of sampling is required the investigator must 1st consider
the goals of the study and the impacts that removing a number
of animals will have on the natural population. Animals should
be euthanized as quickly and as painlessly as possible (see
methods below) without damaging materials needed for
research.
Traps suitable for kill-trapping include snap traps (e.g., Victor
and Museum Special) for rat- and mouse-sized mammals, kill
traps (e.g., Macabee) designed for subterranean species, harpoon
traps for moles, snares for carnivores and furbearers, and
Conibear or similar body-grip traps for medium-sized mammals.
Some trapping techniques that use drowning as a means of
euthanasia have been described as inhumane or unethical
because time to unconsciousness exceeds 3 min (AVMA
2007; Powell and Proulx 2003). However, submersion trapping
systems might be quite effective for furbearers found in or near
waterways. Such systems rely on equipment (e.g., steel foothold
traps with 1-way cable slides and locks) or techniques that cause
the furbearer, upon capture, to quickly and irreversibly submerge until death (http://www.furbearermgmt.org/resources.
asp#bmps).
Pitfall kill traps can be the best trapping option for some
small mammals because the smaller species of rodents and
shrews are much more effectively captured with pitfalls than
by other means. These traps are particularly efficient where
trapping must be continuous or extensive in a way that cannot
be achieved with live traps or snap traps that need continual
resetting. Pitfalls used with drowning fluids add a measure of
preservation and thus can have added utility for scientific
collections and detailed study of organs. Additional instances
where pitfalls are optimal are outlined in Beacham and Krebs
(1980) and Garsd and Howard (1981). Ethical use of pitfall
kill traps should minimize struggling and suffering. The pitfall
designed by Howard and Brock (1961) does this by using 70%
ethanol (or similar alcohol) as the main ingredient of a
drowning fluid. Evaporation of the alcohol is retarded by a
thin layer of light mineral oil and hexane (2:1) added to the
solution. Small mammals falling into the trap and hence into
the drowning fluid lose buoyancy almost immediately due to
the surfactant action of hexane and mineral oil and thus their
ability to swim effectively so that submergence and death
occur rapidly. Alcohol then infuses the body and acts as a
preservative. As long as the solution is deeper than the head–
body length of the animals, they cannot struggle by standing
on the bottom and quickly drown. Using pitfall traps as kill
traps by placing formalin or ethylene glycol in the bottom,
however, is not approved or acceptable to the ASM. Pitfalls
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used as kill traps should have covers or other means of
excluding nontarget species. If the traps will not be operational
for extended periods, they should be constructed such that the
kill jar and its fluid can be removed to prevent unwanted
captures. As with any procedure or experimental protocol, an
IACUC might find submersion trapping systems, including
pitfalls with drowning fluids for small mammals, acceptable
with justification.
Investigators should strive to use the trap that will inflict the
least trauma and result in a clean, effective kill. Most traps
should be checked at least once a day, and in the event an
animal is still alive, it should be immediately dispatched
according to AVMA guidelines (AVMA 2007). The AVMA
offers these recommendations regarding kill traps (AVMA
2007:16): ‘‘Mechanical kill traps are used for the collection
and killing of small, free-ranging mammals for commercial
purposes (fur, skin, or meat), scientific purposes, to stop
property damage, and to protect human safety. Their use
remains controversial, and the panel recognized that kill traps
do not always render a rapid or stress-free death consistent
with criteria for euthanasia found elsewhere in this document.
For this reason, use of live traps followed by other methods of
euthanasia is preferred. There are a few situations when that is
not possible or when it may actually be more stressful to the
animals or dangerous to humans to use live traps.’’
An effective way (sometimes the only way) to collect
certain species of mammals is by use of a firearm.
Investigators using this method must be experienced in safe
handling of firearms and adhere strictly to laws and
regulations related to their possession and use. The firearm
and ammunition should be appropriate for the species of
interest so that the animal is killed swiftly without excessive
damage to the body. A .22-caliber rifle loaded with bullets or
shotguns loaded with appropriate shot sizes are suitable for
medium-sized mammals. Generally, small mammals (chipmunk size or smaller) can be taken with .22-caliber rifle or
pistol loaded with #12 (dust) shot, whereas animals the size of
rabbits can be taken with shotguns loaded with #6 shot. Large
mammals should be taken with a high-velocity rifle, where
legal, or shotguns using appropriate ammunition (e.g., rifled
slugs or larger shot). After the animal has been shot, it should
be retrieved quickly.

Marine Mammals
All marine mammals in United States territorial waters are
protected by the Marine Mammal Protection Act of 1972.
Some species also are protected by the Endangered Species
Act of 1973. The latest versions of both acts can be found at
the United States Marine Mammal Commission Web site
(http://www.mmc.gov/legislation/). These acts prohibit any
form of ‘‘take,’’ including terminal capture, live capture, and
tagging, of marine mammals without appropriate federal
permits. Exceptions are made for certain aboriginal or
traditional harvests of marine mammals and for commercial
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fisheries that might take marine mammals incidental to normal
fishing operations. Permit application forms and instructions
can be found on the National Marine Fisheries Service Web
site
(http://www.nmfs.noaa.gov/prot_res/overview/permits.
html) and at the United States Fish and Wildlife Service
Web site (http://permits.fws.gov/).
Methods of live capture for marine mammals include nets
(ranging from purse seines to small, handheld hoop nets) and
mechanical clamps with lines that are placed over an animal’s
peduncle while it rides the bow pressure wave of a vessel.
Many live-capture techniques for smaller cetaceans are
reviewed by Asper (1975). Some dolphin or small whales
(e.g., Phocoena and Delphinapterus) can be captured by hand
in shallow water (Walker 1975). Although polar bears (Ursus
maritimus) and some species of pinnipeds (e.g., northern
elephant seal [Mirounga angustirostris]) might be captured
using remotely injected chemicals, chemical immobilization
of marine mammals for capture risks losing animals by
drowning or overdose (Dierauf and Gulland 2001). Euthanasia
for marine mammals was reviewed by Greer et al. (2001).
Additionally, the Society for Marine Mammalogy has
developed guidelines for the treatment of marine mammals
in field research. The most current version of these guidelines
is available at http://marinemammalscience.org/images/stories/
file/ethics/ethics%20guidelines.pdf.
Holding of marine mammals in captivity is regulated by the
Marine Mammal Protection Act, the Endangered Species Act,
and the AWA. The latter is administered by USDA APHIS.
The AWA regulations include species-specific criteria for pool
and pen sizes and construction, water quality, food storage and
handling, and routine health care. The most current AWA
regulations can be found on the APHIS Web site (http://www.
aphis.usda.gov/ac/cfr/9cfr3.html#3.100).

TISSUE SAMPLING AND IDENTIFICATION
Tissue Sampling
The collection of small amounts of tissue from wild
mammals is often required for studies involving DNA, various
proteins (e.g., hemoglobins, albumins, and enzymes), or
physiological assays (e.g., hormonal levels and antibody
titers). Tissue samples frequently are obtained in conjunction
with some marking procedures (e.g., toe clips or wing or ear
punches). Even where these techniques are not required for
identification, small external tissue samples are frequently
taken from unsedated animals with little difficulty. Where
blood is required, many procedures do not require anesthesia
of the animal and can be conducted in the field by
appropriately trained personnel. After tissue collection and
prior to release, individuals should be observed to ensure that
no trauma or adverse reaction has occurred as a consequence
of capture, handling, or tissue or blood removal.
Multiple factors must be considered when determining the
most appropriate method for obtaining blood samples. Various
morphological attributes (e.g., size of the orbit, absence of tail,
or presence of cheek pouches) characteristic of the species can
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limit potential sites of blood collection. The size of the animal
also might restrict collection sites and limit the quantity of
blood (1.5% of body mass) that can be removed. The
training and experience of the individuals performing the
procedure is important, because unskilled personnel can cause
significant trauma with some techniques. The procedures for
blood collection and the qualifications of study personnel must
be reviewed by the principal investigator’s IACUC.
Obtaining blood from the facial vein.—This technique,
which has been used on laboratory mice for many years,
allows collection of 4–10 drops of blood with minimal
discomfort to the animal (see USDA news release at www.ars.
usda.gov/is/pr/2005/050921.htm). The procedure is described
(in text, photos, and video) at www.medipoint.com/html/
directions_for_use1.html. [Note: No endorsement of this
particular commercial product is intended by the ASM.]
Obtaining blood from the caudal vein.—Extracting blood
from the caudal vein is a relatively simple procedure that
involves the use of a needle (more difficult in small rodents) or
nicking of the caudal vein with a lancet. Alternatively,
excising the distal 1–2 mm of the tail can yield a small amount
of blood and can be used for DNA extraction.
Obtaining blood from the retro-orbital sinus.—Retro-orbital
bleeding should be used when less-invasive blood-collection
methods have been considered and are not suitable. To
minimize the chances of damage to the eye, this technique
should be performed by trained and experienced individuals.
The use of very short-acting anesthesia (e.g., isoflurane or
sevoflurane) in a plastic bag will immobilize rodents in 15–
20 s, thereby making the procedure safer for the rodent and the
handler.
External Marks
Individual identification of mammals is necessary for many
types of studies, both in the laboratory and field. Identification
marks can be natural (stripe pattern, color, or mane patterns)
or those applied by the investigator. Of primary concern is the
distance from which the animal must be identified. On large
species cataloging natural variations in fur or whisker patterns
(West and Packer 2002), or previously sustained injuries on
body parts (such as to wing, ears, or flukes), often suffices for
permanent identification at a distance.
Where naturally occurring identifying marks are not
available, external dyes, freeze brands, or paint marks might
provide the degree of longevity required. Dye marks on
juveniles or subadults are of more limited duration because of
rapid molting. Identification marks can be made with nontoxic
hair dyes or paint. Care should be taken to ensure that
substances used for external marks are nontoxic and otherwise
do not alter the behavior of animals or subject them to
increased predation. Freeze branding is an effective means of
marking bats and other species, and marks might last several
years (Sherwin et al. 2002). Tattooing and ear punches provide
a permanent means of identification but require handling of
individuals for individual recognition.
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Metal or plastic tags and bands or collars are cost-effective
and might be suitable for identification at appreciable distance
on large terrestrial species. Tags typically are applied to the
ears of terrestrial mammals and to flippers of seals and sea
lions. Use of individually numbered tags on small mammals
necessitates handling the animal each time an individual is to
be identified. Although they frequently are used with a high
degree of success, ear tags might inhibit grooming of ears and
promote infection by parasites in some rodents (Ostfeld et al.
1996), although potential for infection likely varies with
species and environment. Further, unless carefully sized, tags
might snag, either during grooming or by vegetation in freeranging animals, and can be lost (Wood and Slade 1990). Ear
tags also might affect the Preyer reflex in free-ranging
animals. Many of the problems associated with ear tags are
reduced in laboratory settings where ear tags might be
especially useful for long-term identification. Ear tags are
not an option for species with greatly reduced pinnae (e.g.,
shrews). Wing bands for bats should be applied so that they
slide freely along the forelimb, which may necessitate cutting
a slit in the wing membrane in some cases. Another external
marking option for bats is a carefully sized bead-chain
necklace (Barclay and Bell 1988).
Individuals of some taxa might be identified by unique
patterns of ear punches (where a small amount of tissue is
removed from external pinnae using some type of hole punch)
or toe clips. Toe clipping involves removal of 1 or more digits
(generally only 1 per foot) or terminal phalanges and provides
a permanent identifying mark. These marking methods
necessarily involve recapture because neither is generally
suitable for identification at a distance. Further, ear punches
might become unidentifiable through time in free-ranging
individuals because of healing, subsequent injuries sustained
in the field, or being obscured by hair. Because both of these
methods involve removal of a small amount of tissue, they
might be especially appropriate in studies where tissue
samples also are required.
Because it is more invasive and addressed specifically in the
Guide (NRC 1996), toe clipping requires justification to the
IACUC. Justification for toe clipping as a means of
identification should include consideration of the natural
history of the species, how the feet are used in the animal’s
environment, and the size of the toe. Digits generally should
not be removed from the forefeet of subterranean or fossorial
taxa where they are used for digging, nor should primary digits
be removed from arboreal or scansorial taxa where they are
used for climbing. Toe clipping in species with fleshy digits
should be avoided. Toe clipping might be especially suitable
for permanent identification in small species (e.g., Chaetodipus, Perognathus, Peromyscus, Reithrodontomys, and Sorex)
and in neonates of larger taxa. Toe clipping and ear punches
should not be used for marking bats; bats can be wing punched
or freeze branded effectively. Toe clips and ear punches
should be performed with sharp, sterilized instruments.
Anesthetics and analgesics generally are not recommended
because prolonged restraint of small mammals to administer
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these substances and consumption of the analgesic substances
(e.g., creams) via licking likely cause more stress and harm
than conducting the procedure without their use.
Radiotransmitters provide a mechanism to monitor movements and survival of individuals and, therefore, also serve to
identify an individual. Transmitters can be attached externally
with surgical or skin glue or a collar, or implanted into the
body cavity. External attachment often can be accomplished in
the field (Munro et al. 2006; Rothmeyer et al. 2002), whereas
more-invasive implantation might require transport to a
laboratory where sterile conditions can be arranged. Investigators using collars should take into account potential for
growth of an animal or seasonal changes in neck circumference (e.g., male cervids) and use devices designed to
accommodate such changes (Strathearn et al. 1984). If
external transmitters are attached using glue, individuals of
some species will groom each other excessively to remove
adhesive from their fur (Wilkinson and Bradbury 1988).
Surgical implantation and more invasive procedures, which
should be performed by a veterinarian or individuals who have
received specialized training, usually require a suitable
recovery period before the animal can be released. Before
using radiotransmitters, an investigator should consider the
mass of the transmitter relative to the body mass of the target
species or individual. Generally, the transmitter should
represent ,5–10% of the individual’s body mass (Wilson et
al. 1996). As an alternative to radiotransmitters, light-emitting
diodes, or similar markers might be fastened externally to
some species.
Internal Tags
Passive integrated transponder tags are electronic devices
encased in glass or resin capsules. They do not emit constant
signals but can be interpreted with a remote reader in much the
same way that bar codes are scanned. Tags are injected
subcutaneously by using a modified large-bore hypodermic
syringe and are suitable for many field and laboratory
identification needs. Tags should be massaged away from
the point of insertion subdermally to prevent loss. Even the
smallest passive integrated transponder tags (about the size of
a grain of rice) can be too large for some individuals, so their
use in very small individuals should be approached cautiously.
Currently available passive integrated transponder tag readers
must be in reasonably close proximity to the tag (,10 cm) for
reading, so their use with large, aggressive taxa (e.g., Procyon
and Lynx) might require anesthesia both for application of the
tag and for subsequent reading to prevent injury to the animal
and investigators. Because of stress for both subject and
investigator, other methods of tagging large mammals, such as
using radiotransmitters or naturally occurring markers, might
be preferable. Ingestion of colored plastic particles or
radioactive isotopes (such as 32P) in bait can be used to mark
feces for studies of movements of individuals or groups of
individuals but is of limited use for uniquely marking a large
number of individuals.
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Chemical Immobilization for Application of Marks and
Tissue Sampling
Depending on the biology of the target species, its size, and
goals of the study, captured animals might require chemical
immobilization for handling. Investigators should bear in mind
that stress and restraint associated with immobilization might
be greater than applying or reading a particular mark or taking
noninvasive tissue samples without immobilization. Whether
immobilization is required must be considered on a case-bycase basis. If pain is slight or momentary, anesthesia is not
recommended so that the animal can be released immediately.
Procedures that can cause more than momentary or slight pain
or distress should be performed with appropriate sedation,
analgesia, or anesthesia (Article V, United States Government
Principles for the Utilization and Care of Vertebrate Animals
Used in Testing, Research, and Training—http://grants.nih.
gov/grants/olaw/references/phspol.htm). In these instances
field-portable anesthetic machines allow use of isoflurane
and similar inhalants to provide a reliable anesthetic and rapid
recovery after the animal is no longer exposed to the gas. Use
of anesthesia for blood sampling will depend on data needed
and species requirements. Some anesthetics (e.g., ketamine)
depress blood pressure and make blood collection lengthier
and potentially dangerous. Anesthesia also might alter the
blood component (e.g., cortisols) under investigation. Use of
anesthesia should be weighed against risk of mortality because
some species are very sensitive to anesthesia (e.g., felids—
Bush 1995; Kreeger 1996). Selection of anesthetics and
analgesics for specific mammals should be based on
evaluation by a specialist, such as a wildlife veterinarian,
knowledgeable about the use of anesthesia in species of
mammals other than standard laboratory or pet taxa. The
investigator should conduct a literature review for alternatives
and anesthetics and analgesics used in related species (Kreeger
1996). Physiological measurements required for experimental
purposes also can affect the choice of anesthesia. Sedatives,
anxiolytics, and neuromuscular blocking agents are not
analgesic or anesthetic and hence do not relieve pain; these
substances must be used in combination with a suitable
anesthetic or analgesic (NRC 1996).

MAINTENANCE OF WILD-CAUGHT MAMMALS
IN CAPTIVITY
Procurement and Holding Conditions
Any time wild-caught individuals are to be held or
transported the investigator must consider the transport or
holding cage, appropriate and sufficient food and moisture for
the captured animal, ambient environment, ecto- or endoparasites potentially present, and safety of the investigators (see
section on ‘‘Human Safety’’). Cages must be constructed to
minimize possibility of injury, provide adequate ventilation,
allow for protection from wastes, and generally should be of
sufficient size to permit the captive individual to make
appropriate postural adjustments (NRC 1996). Some types of
live traps (e.g., Sherman traps and Tomahawk traps) can be
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used as holding or transport cages for short periods of time for
appropriate species.
Captive mammals held for any length of time (.12 h for
USDA regulated species and .24 h for all others) must be
provided with suitable sources of food and moisture. Food can
be provided at the time of capture. For many small mammals,
especially rodents, fruits or vegetables (e.g., grapes, celery,
cabbage, lettuce, or slices of apple or potato) with high
moisture content will suffice during transport or short periods
of captivity until more-permanent housing, food, and water
provisions can be provided. Water bottles generally should be
avoided during transport because they will leak and dampen
bedding.
Care must be taken in transporting captive animals to
prevent their exposure to temperature extremes or precipitation, provide adequate ventilation, and keep them calm.
Regardless of cage construction, the more quietly the animal
can be maintained in appropriate caging, the better. Minimizing disturbance and placing transport cages in cool, darkened
settings is best. In some instances these conditions can be
achieved simply by placing a drape over the cage, provided air
flow is sufficient and temperatures are not extreme.
Free-ranging mammals might carry diseases and almost
certainly harbor ecto- and endoparasites. Some facilities
require treatment for ectoparasites before transport, and most
will require quarantine of newly captured individuals before
entering an animal resource facility. Even if these are not
required, the investigator should take appropriate steps to
minimize potential impacts to other captive species and
humans. Most ectoparasites can be controlled by dusting with
commercial flea and tick powder. Treatments for endoparasites are more involved and generally should be pursued after
consultation with a veterinarian. Investigators should contact
the local institutional occupational health office for information on risks to humans from species of mammals under
consideration before transport.
Maintenance Environments
When individuals of wild species are to be maintained in
captivity for .12 h, the caging and holding environment must
be selected carefully to accommodate species-specific requirements and to minimize stress. Cages or pens of an
appropriate size and construction must adequately contain
animals for their health and safety and that of investigators and
animal care personnel. Because of the great variety of
mammalian species that might be maintained, no specific
guidelines for cage materials or size are possible, but
considerations should be given to all aspects of ecology,
physiology, and behavior of target species. Guidelines
developed for husbandry of domesticated species might not
be appropriate for wild-caught individuals and might even
constitute inhumane treatment. Because of their capture as
free-ranging individuals, nondomesticated species might
perform better in larger cages or pens than those used for
similar-sized domesticated species (Fowler 1995). Tempera-
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ture, humidity, lighting, and noise levels also must be within
appropriate limits. An excellent source of information on the
specific needs of wild-caught species is the ASM’s Mammalian Species series (http://www.amsjournals.org). Additional
valuable information usually can be obtained directly from
investigators or animal-care staff familiar with particular
species. Investigators proposing to maintain wild-caught
mammals in captivity are encouraged to contact other
researchers or institutions experienced with the taxa in
question and to consult with the IACUC’s attending
veterinarian before submitting a protocol; however, investigators should realize that departures from the Guide (NRC
1996) or the Public Health Service policy on use of laboratory
animals (Office of Laboratory Animal Welfare 2002a), even if
optimum for the proper maintenance of nondomesticated taxa,
will require justification to the IACUC.
Careful selection of bedding materials and substrate is
critical to meet the needs of the target species. Materials used
should simulate as closely as possible the natural environment.
Appropriate materials might include sand or fine wood chips
for desert species, soil and leaf litter for shrews and fossorial
forms, and hay or straw for other species of rodents. The
quantity of bedding also might be important if a dense
covering (e.g., straw) allows establishment of runways that are
components of the natural environment of the target species.
Refuges should be provided where captive individuals can
remain concealed when possible because the availability of
refuges influences behavior (Rusak and Zucker 1975).
Olfactory cues are a fundamental component of the natural
environment of most mammals, and the design of husbandry
practices should incorporate the maintenance of familiar
scents to maximize animal comfort. Individuals frequently
scent mark to establish possession and boundaries of a
territory. Regular changing of bedding and washing of the
cage and associated equipment eliminates normal scent cues
and places captive individuals in a novel and potentially
stressful environment. Investigators can reduce stress that
accompanies cleaning by changing bedding and cage equipment on a less-frequent cycle than typically used for
domesticated species (often 1 or 2 times weekly). Investigators
also can mix a small amount of the old bedding with fresh
bedding. Species adapted to arid conditions (e.g., Onychomys)
likely will perform best when bedding changes occur every
10–14 days, or even less frequently, whereas others (e.g.,
Sigmodon) might require weekly changes. Because scent
marks often are deposited on watering devices or cage lids,
disturbance associated with being placed into a novel
environment can be reduced by changing these devices on a
schedule different from that of the cage and bedding so that
captive individuals are not regularly placed in an environment
completely devoid of familiar scents. The importance of
establishing and maintaining familiar surroundings, especially
as identified by olfactory cues, cannot be overemphasized.
All species of mammals require some source of water in
captivity, although water sources and requirements vary
widely among species. Most mammals are best maintained
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with liquid water provided in various containers or via lickable
watering systems. However, kangaroo rats (Dipodomys) and
pocket gophers of various genera live without free water in the
wild because they get water directly from their food and retain
metabolic water (Boice 1972). These taxa can be maintained
in captivity by periodically feeding small amounts of cabbage,
lettuce, celery, or apple. The frequency of these supplemental
feedings is dependent upon the ambient humidity in their
environment. Adult heteromyids (e.g., Dipodomys) seldom
even require these. If provided with ad libitum access to free
water, xeric-adapted species can become dependent upon
these sources (Boice 1972), which can result in changes in
physiological functions that might confound some studies.
Because the lack of stimulation in a captive environment
can result in development of stereotypic behaviors that
confound research interests, environmental enrichment can
be a critical component of husbandry for nondomesticated
mammals. Enrichment might be as simple as increasing
structural complexity in the cage or providing additional
materials for manipulation. For example, the captive environment of woodrats (Neotoma) kept in false-bottom cages can be
improved by providing rodent chow directly in the cage rather
than in a feeder attached to the cage front. This allows these
natural hoarders to regularly rearrange food within their cage.
Their environment can be improved even more by providing
strips of cardboard that will simulate the woody debris they
use to construct nests in the wild. Other species of rodents also
can benefit from inclusion of fibrous materials from which to
construct nests. Chipmunks (Tamias) and red squirrels
(Tamiasciurus) are very active and can be difficult to maintain
in captivity, but they can be housed by using cages that
incorporate 3-dimensional structures (e.g., hanging branches
and perches) along with a substrate sufficient for digging and
caching food. For some species hiding food in cardboard
boxes allows the animal to ‘‘forage.’’
Social structure of the target species also must be taken into
account when housing captive mammals. Captive situations
that permit an approximation of the natural social structure of
the target species are likely to be most successful and
minimize distress. Individuals of species that are social or
gregarious should be housed with other individuals. Of course,
investigators must be aware of seasonal changes in social
structure and modify housing environments accordingly.
Separation of Taxa and Minimizing Stress
The AWA and animal regulations (Office of Laboratory
Animal Welfare 2002a, 2002b; USDA 2005) state that animals
housed in the same primary enclosure must be compatible.
That is, prey species should not be maintained near carnivores
in the same animal room, and diverse taxa of carnivores
generally should not be housed together. Closely related
species of some rodents frequently co-occur in nature and
often can be housed in the same room without difficulty.
The general principles for identifying captive mammals in
pain or distress are abnormal appearance or behavior. Normal
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appearances and behavior are determined by species-specific
characteristics and personal experience of the handlers. Because
behavioral changes are the means to identify pain or distress, all
personnel involved with animals should understand the normal
behavioral patterns of the species they are housing. Thus, all
animals should be monitored regularly by trained staff.
A source of pain generally is easy to identify if it is a
physical abnormality, but stress or distress might not be due to
pain and is not immediately recognizable. IACUCs generally
consider that procedures that cause pain or distress in humans
likely also will cause pain or distress in other animals.
Characteristics of an animal in pain include, but are not
limited to diarrhea or vomiting, poor coat, inflammation or
bleeding, hair loss, abnormal posture, incessant scratching,
self-aggression, lameness, whining, weight loss (20–25% of
baseline), decreased food or water consumption (dehydration),
decreased activity, or changes in body temperature, pulse, or
respiratory rate (NRC 1992). Behaviors that might signal pain
or distress include listlessness or lethargy, lying on the side for
extended periods, inability to reach food or water, or unusual
or prolonged vocalizations (NRC 1992).
Release of Captive Mammals
Release of wild-caught mammals held in captivity might be
justified in the case of endangered or threatened species or
species of special concern because of population levels or
population dynamics, or for individuals held for only short
periods. Research designs that require release of captive
animals as part of a manipulation must be planned to minimize
potential impact on the local population and stress to the
released individuals.
Concerns regarding release of individuals held in captivity
for more than short periods include the following:
Introduction of individuals into an area without available
dens and resources (especially problematic with highly
territorial species)
Alteration of population genetics
Introduction of individuals not acclimated to the local
environment
Introduction to wild populations of pathogens acquired in a
captive environment
Stress on local populations and released individuals
Excessive exposure to predation of released individuals due
to inappropriate foraging cycles (entrained by captive
light cycles or environments), extensive foraging due to
not having caches built up for winter months, or lack of
familiarity with local resources
Disruption of social systems
Animals losing or not learning foraging skills
Legality of reintroduction of captive animals (varies with
state and country)
Decisions on release and permissible duration of captivity
before release are often species-specific and must be made on
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a case-by-case basis. Holding individuals of a given species
for one or a few days to recover from surgical implantation of
a transmitter or data logger is usually appropriate. In contrast,
release of highly territorial species held for even short periods
into the same environment from which they were captured can
be problematic because vacant territories can be usurped, and
reintroduction of the resident virtually guarantees a conflict
that would not have occurred had the resident not been
removed. For additional information regarding the potential
release of marine mammals, investigators are referred to the
best practices for these taxa developed by the National Marine
Fisheries Service (http://www.nmfs.noaa.gov/pr/pdfs/health/
release_guidelines.pdf). Final disposition of captive individuals
is of concern, but the integrity of natural populations must be
the highest priority in project design and IACUC deliberations.

EUTHANASIA
The Guide defines euthanasia as ‘‘the act of killing animals
by methods that induce rapid unconsciousness and death
without pain or distress’’ (NRC 1996:65). Euthanasia is a 2step process that involves use of an agent to depress or
eliminate the function of the central nervous system and a 2nd
step to stop the heart. The 1st action causes the animal to
become unconscious and insensitive to pain. Although both of
these goals can be accomplished with a single agent, the
primary concern is alleviating pain immediately.
Inhalation of carbon dioxide (hypoxia) commonly is used as
a method of euthanasia in the United States. Although
euthanasia by carbon dioxide has been the accepted method
of choice in laboratory settings for the past 2 decades, it
recently has been shown that some species display a high
degree of avoidance of concentrations of carbon dioxide
because of irritation of mucosal linings (Leach et al. 2002).
Alternatively, argon gas has been used in the European Union
for laboratory mice (M. musculus). Euthanasia techniques are
reviewed and approved by the IACUC during review of the
animal care and use protocol. Investigators should be aware
that animal welfare regulations urge following the most
current AVMA Guidelines on Euthanasia (AVMA 2007) and
that deviations from these guidelines must be justified.
Justification for deviations can include citation of published
literature or results from pilot studies.
Mammals must be euthanized humanely when live-caught
individuals are retained as voucher specimens or when
individuals are injured or distressed and cannot be released.
Field methods for euthanasia should be quick and as painless
as possible, compatible with study design and size, behavior,
and species of animal. When nothing can be done to relieve
pain or distress or when recovery is not expected, euthanasia is
indicated. Except when specifically excluded by permit or law
(e.g., with endangered species), protocols involving fieldwork
should explicitly indicate the circumstances for and method of
euthanasia for voucher and distressed or injured animals, even
when animal mortality is not an anticipated outcome, to
accommodate unplanned injuries.
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Euthanasia must be conducted by personnel properly trained
in the procedure being used. Proper euthanasia technique
includes a follow-up examination to confirm the absence of a
heartbeat. Standard tests for successful euthanasia include a
toe pinch, dilated pupil (lack of response to touch on eye), and
absence of heartbeat; cessation of breathing is not a sufficient
criterion. Decapitation, cervical dislocation, or thoracotomy
(open biopsy of lung, pleura, hilum, and mediastinum) should
be administered after euthanizing drugs to insure that animals
do not revive (AVMA 2007). Although decapitation and
cervical dislocation might be humane when administered by
properly trained personnel, protocols proposing these techniques in the laboratory must justify these methods if sedation
or anesthesia are not administered (AVMA 2007). Investigators also should be aware that adding steps of sedation and
anesthesia before euthanasia might add distress and even
impose additional pain to the animal. For many species of
small body size, euthanasia (e.g., cervical dislocation) can be
done efficiently in the field without sedation by experienced
personnel.
Although euthanasia of small mammals in field settings can
be accomplished using any of the techniques approved by the
AVMA, field settings pose challenges because use of
injectable controlled substances or inhalants can present
additional risks to investigators and stress to the animals.
Thoracic compression offers an acceptable alternative under
these circumstances. Thoracic compression is an approved
method of euthanasia for small birds (AVMA 2007) and has
been used effectively for decades by practicing mammalogists.
The AVMA lists advantages of thoracic compression as speed
of euthanasia, apparent painlessness, and maximizing use of
the carcass. Cervical dislocation and other mechanical
techniques are of limited utility in many of these same
instances because of logistical considerations and because they
distort important body measurements, destroy needed tissues
and skeletal elements, and alter hormonal profiles through
contamination by blood. The ASM considers thoracic
compression an acceptable form of euthanasia when the
investigator is skilled in the procedure and when the individual
mammals to be handled are sufficiently small that the thoracic
cavity can be collapsed to prevent inspiration.
Acceptable methods of euthanasia—their advantages,
disadvantages, and effectiveness—are reviewed in the AVMA
Guidelines on Euthanasia (AVMA 2007). The report also
provides information on inhalant agents, noninhalant pharmaceutical agents, and physical methods used in euthanasia.
Unacceptable methods generally include air embolism, blow
to the head, burning, chloral hydrate, cyanide, decompression,
drowning, exsanguination (unless blood is collected from the
unconscious animal as part of the approved protocol),
formalin, various household products, hypothermia, neuromuscular blocking agents, rapid freezing, strychnine, and
stunning (Appendix 4—AVMA 2007). Recently, the American College of Laboratory Animal Medicine evaluated rodent
euthanasia. They had 3 issues of concern: euthanasia of fetal
and neonatal rodents, use of carbon dioxide for euthanasia,
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and impact of euthanasia techniques on data collection.
Publications by the American College of Laboratory Animal
Medicine (www.aclam.org/pdf/newsletter2005-12.pdf) provide appropriate directives on these topics. For collecting
methods using kill traps it is important to recall the AVMA
position that, although kill traps do not always render a rapid
or stress-free death consistent with their criteria for euthanasia,
situations exist when use of live traps and subsequent
euthanasia are not possible or when it might be more stressful
to the animals or dangerous to humans to use live traps as
opposed to kill traps (AVMA 2007).
Finally, euthanasia must be performed with a conscious
respect for its effect on other animals (including human
observers). Fear in other animals can be triggered by distress
vocalizations, fearful behavior, and release of odors and
pheromones by a frightened animal (AVMA 2007). Thus,
euthanasia should be done outside the perceptive range of
other captive individuals.

VOUCHERING OF SPECIMENS AND
ANCILLARY MATERIALS
Investigators always must plan what to do with animals
from wild populations when their study is completed or when
animals are procured unexpectedly during the study. The latter
might result from incidental deaths when animals are found
dead in traps or on roadways. All specimens and ancillary
material generated from field studies should be deposited with
relevant data into an accredited research collection. The ASM
Systematic Collection Committee has compiled a list of
accredited collections in the Western Hemisphere (Hafner et
al. 1997). The information is available online at http://www.
mammalsociety.org/committees/index.asp. Deposition of
specimens and ancillary materials in permanent collections
maximizes benefits from each specimen collected, ensures
access to valuable data by future investigators, and serves as a
voucher for individuals or species used in published research.
Further, in some instances archived specimens might be used
in lieu of sacrificing individuals in future studies.

HUMAN SAFETY
Working with wild mammals, particularly in field situations, involves inherent risks, both biotic (e.g., bites,
pathogens, parasites, and venomous plants and animals) and
abiotic (e.g., lightning and exposure). Fortunately, most of
these risks can be minimized with basic training, planning,
mentoring, and experience. Investigators have the responsibility to ensure that personnel handling, transporting, or
maintaining wild-caught mammals are qualified and familiar
with the associated hazards (e.g., bites and exposure to body
fluids) and requirements of the target species (e.g., bats—
Constantine 1988). With appropriate preparation and training,
investigators can adequately protect themselves and collaborators while conducting fieldwork with mammals (Kunz et al.
1996).
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Many universities and other institutions offer field courses,
workshops, and online programs for investigators and students
to achieve the proper training in fieldwork and in working
with wild-caught mammals. Occupational health medical
staffs also provide strategies for avoiding biological, chemical,
and other hazards. Sources such as the Centers for Disease
Control and Prevention (1998, 1999; http://www.cdc.gov/) or
state health departments can provide current information and
precautions for personnel conducting epidemiological studies
or working with populations suspected of posing specific
health risks. Additionally, the ASM provides updated
guidelines relative to hantavirus pulmonary syndrome for
mammalogists and wildlife researchers conducting work on
rodents that should be broadly applicable for field studies
(Kelt et al. 2010). These guidelines also make the important
clarification that earlier published guidelines by the Centers
for Disease Control and Prevention (1998, 1999) never were
intended to apply to field investigators conducting nonviralbased research on rodents. Special precautions (e.g., vaccinations) to ensure human safety might be necessary when
transporting individuals known or suspected of carrying
potentially lethal pathogens such as hantavirus or the rabies
virus. In areas where zoonotics are known to occur bagging
traps with a gloved hand and bringing them to a central
processing area that follows institutional biosafety recommendations might be sufficient. Additional precautions might
be required at the time of final processing of the captured
animal, depending on data required. Although chloroform is
considered highly hazardous to personnel, with attendant
health risks of cancer and liver toxicity (http://www.osha.gov/
sltc/healthguidelines/chloroform/recognition.html), under openair field conditions its use might be appropriate because it kills
ectoparasites that might pose greater risks to the researcher
through transmission of disease.
Many IACUCs will require the investigator to document
their protocols for human health and safety while working
with wild-caught mammals. However, investigators and
IACUC members should remain cognizant that risks from
zoonoses vary depending on mammalian species, local
environmental conditions, and the potential pathogens. Safety
precautions should match perceived risks.

SUMMARY
These updated guidelines on the use of mammals, including
wild species, emphasize that investigators are responsible for
compliance with federal and state guidelines regulating care
and use of animals in research, display, and instruction.
Investigators should work with IACUCs to develop research
protocols that allow the scientific research objectives to be
completed successfully while complying with animal welfare
regulations. A rational, well-justified protocol, written succinctly and completely, will facilitate a positive and
productive dialog with the IACUC. The task of the IACUC
is to provide assurance to federal regulatory agencies and the
public that animal research at an institution is being
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accomplished in accordance with the regulations and intent of
the AWA and work with researchers and educators to develop
appropriate protocols. IACUCs must be strong advocates for
animal welfare and also animal use in research and education,
especially when investigators provide clear justification for
animal use and expertise upon which the IACUC can rely.
These interactions foster strong, positive, and professional
relationships between the IACUC and the investigator.
From initial design to completion of a study, investigators
should exercise good judgment and prudence when using
animals in research. IACUCs appreciate working with
investigators who provide details of their research designs
and goals. The ‘‘3 Rs’’ of Reducing the number of individuals
without compromising statistical validity or biological significance, Replacing ‘‘higher’’ animals with ‘‘lower’’ ones, and
Refinements of techniques and care to minimize pain or
distress to animals (NRC 1996) are important goals for field
mammalogy. Even in faunal surveys a cap on the number of
animals collected usually is imposed by the permitting agency
and likewise is expected by the IACUC. Underestimates of the
number of animals needed for a study might invalidate results.
Therefore, a sufficient number of animals (i.e., the number
needed to meet research goals) must be clearly requested and
justified. ‘‘Replacement’’ in mammals might be achieved by
using cell lines, voucher materials from previous studies, or
computer simulations where possible. Further, larger mammals usually are not collected in surveys or for genetic work.
Rather, they can be subsampled by ear punch or hair combs, or
tissues might be requested from mammalian research
collections where much of this material might already be
archived as specimens. Other alternatives include using
carcasses of species of interest (especially larger carnivores
or ungulates) that have been trapped or hunted for other
purposes. However, investigators are reminded that such
sources may introduce undesirable biases associated with age,
sex, or size. Finally, an example of ‘‘Refinement’’ might
include using behavioral responses as indicators of social
dominance rather than outcomes of physical combat.
Most field investigators already embrace the ethical
treatment of animals because of their respect for nature and
their dedication to study wild species. These guidelines were
developed to assist investigators in maintaining compliance and
understanding the evolving suite of regulations. How we view
use of mammals in research does not differ much from that of
Joseph Grinnell when he walked Yosemite Valley nearly
100 years ago. Knowledge of most aspects of mammalian
biology has advanced, but we still struggle with a basic
understanding of our place in nature. Mammalogists continue to
explore the farthest reaches of the earth. In contrast, the public
and even some scientists in other fields have become removed
sufficiently from what is wild that we still must be prepared to
answer the question ‘‘what good is it?’’ That is, we must be able
to communicate to a broad audience the applied and theoretical
values of research on wild mammals. Proactive consideration of
humane treatment of study animals will help to prevent
retroactive criticism of our ethics and the research itself. With
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this in mind, the ultimate design of research objectives, and the
methods and techniques to address those objectives, are the
responsibility of the investigator. Guidelines can provide
current information on ethical and regulatory standards, but
they cannot replace individual judgment. Moreover, it is the
investigator who has the drive, ingenuity, and freedom to seek
novel and insightful advances in science.

RESUMEN
Las pautas generales para el uso de especies de mamı́feros
silvestres son actualizadas a partir de la previa versión de la
Sociedad Americana de Mastozoologı́a (ASM) (Gannon et al.
2007). Esta versión actualizada las técnicas profesionales mas
actuales y reglamentaciones relacionadas al uso de ammiferos
en investigación y enseñanza. Se incluyen recursos adicionales, resúmenes de procedimientos y requisitos de informes
que no eran parte de versiones previas. Asimismo, incluimos
detalles sobre el marcado, alberges, captura y colecta de
mamı́feros. Se recomienda que todo comité institucional para
el cuidado y uso de animales, agencias regulatorias e
investigadores usen estas guias al desarrollar protocolos de
trabajo con animales salvajes. Estas guias fueron preparadas y
aprobadas por la ASM cuya experiencia colectiva provee un
entendimiento amplio y comprensivo de la biologı́a de los
mamı́feros no domesticados en su ambiente natural. la versión
mas recioente de estas pautas y todas las modificaciones
subsequentes están disponibles en la pagina de la web del
comité para el cuidado y uso de animales - ASM Animal Care
and Use Committee page of the ASM website (http://
mammalsociety.org/committees/index.asp).
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HAFNER, M. S., W. L. GANNON, J. SALAZAR-BRAVO, AND S. T. ALVAREZCASTAÑEDA. 1997. Mammal collections in the Western Hemisphere: a survey and directory of existing collections. American
Society of Mammalogists, Allen Press, Lawrence, Kansas.
HART, E. B. 1973. A simple and effective live trap for pocket gophers.
American Midland Naturalist 89:200–202.
HAWES, M. L. 1977. Home range, territoriality, and ecological
separation in sympatric shrews, Sorex vagrans and Sorex obscurus.
Journal of Mammalogy 58:354–367.
HOWARD, W. E. AND E. M. BROCK. 1961. A drift fence pit-trap that
preserves captured rodents. Journal of Mammalogy 42:386–391.
KAUFMAN, D. W., AND G. A. KAUFMAN. 1989. Burrow distribution of
the thirteen-lined ground squirrel in grazed mixed-grass prairie:
effect of artificial habitat structure. Prairie Naturalist 21:81–83.
K ELT , D. A., M. S. H AFNER , AND THE A MERICAN S OCIETY OF
MAMMALOGISTS’ AD HOC COMMITTEE FOR GUIDELINES ON HANDLING
RODENTS IN THE FIELD. 2010. Updated guidelines for protection of
mammalogists and wildlife researchers from hantavirus pulmonary
syndrome (HPS). Journal of Mammalogy 91:1524–1527.
KREEGER, T. J. 1996. Handbook of chemical immobilization.
International Wildlife Veterinary Services, Inc., Laramie, Wyoming.
KUEHN, D. W., T. K. FULLER, L. D. MECH, W. J. PAUL, S. H. FRITTS,
AND W. E. BERG. 1986. Trap-related injuries to gray wolves in
Minnesota. Journal of Wildlife Management 50:90–91.
KUNZ, T. H., AND S. PARSONS (EDS.). 2009. Ecological and behavioral
methods for the study of bats. 2nd ed. Johns Hopkins University
Press, Baltimore, Maryland.
KUNZ, T. H., R. RUDRAN, AND G. GURRI-GLASS. 1996. Human health
concerns. Appendix 2. Pp. 255–264 in Measuring and monitoring
biological diversity: standard methods for mammals (D. E. Wilson,
F. R. Cole, J. D. Nichols, R. Rudran, and M. S. Foster, eds.).
Smithsonian Institution Press, Washington, D.C.
LAYNE, J. N. 1987. An enclosure for protecting small mammal traps
from disturbance. Journal of Mammalogy 68:666–668.
LEACH, M., V. BOWELL, T. ALLAN, AND D. B. MORTON. 2002. The
aversion to various concentrations of different inhalational general
anesthetics in rats and mice. Veterinary Record 150:808–815.
MACRINA, F. L. (ED.). 2005. Scientific integrity: text and cases in
responsible conduct of research. 3rd ed. American Society of
Microbiology Press, Washington, D.C.
MARTIN, R. E., A. F. DEBLASE, AND R. H. PINE. 2000. A manual of
mammalogy: with keys to families of the world. McGraw-Hill,
New York.
MUNRO, R. H. M., S. E. NIELSEN, M. H. PRICE, G. B. STENHOUSE, AND
M. S. BOYCE. 2006. Seasonal and diel patterns of grizzly bear diet
and activity in west-central Alberta. Journal of Mammalogy
87:1112–1121.
NATIONAL INSTITUTES OF HEALTH, OFFICE OF ANIMAL CARE AND USE.
2009. Guidelines for preparing USDA annual reports and assigning
USDA pain and distress categories. http://oacu.od.nih.gov/arac/
documents/usda_reports.pdf. Accessed 26 May 2010.
NATIONAL RESEARCH, COUNCIL. 1992. Recognition and alleviation of
pain and distress in laboratory animals. National Academy Press,
Washington, D.C.

February 2011

SIKES ET AL.—GUIDELINES FOR ANIMAL USE

NATIONAL RESEARCH COUNCIL. 1996. Guide for the care and use of
laboratory animals. National Academy Press, Washington, D.C.
NATIONAL RESEARCH COUNCIL. 2003. Guidelines for the care and use of
mammals in neuroscience and behavioral research. National
Academy of Sciences, Washington, D.C.
OFFICE OF LABORATORY ANIMAL WELFARE. 2002a. Public Health
Service policy on humane care and use of laboratory animals.
National Institutes of Health, Department of Health and Human
Services, Bethesda, Maryland.
OFFICE OF LABORATORY ANIMAL WELFARE. 2002b. Institutional animal
care and use committee guidebook. 2nd ed. National Institutes of
Health, Department of Health and Human Services, Bethesda,
Maryland.
OLFERT, E. D., B. M. CROSS, AND A. A. MCWILLIAMS (EDS.). 1993.
Guide to the care and use of experimental animals. 2nd ed.
Canadian Council on Animal Care, Ottawa, Ontario, Canada.
Vol. 1.
O’SHEA, T. J., AND M. A. BOGAN (EDS.). 2003. Monitoring trends in bat
populations in the United States and territories: problems and
prospectus. United States Geological Survey Information and
Technology Report ITR 2003-0003:1–274.
OSTFELD, R. S., M. C. MILLER, AND K. R. HAZLER. 1996. Causes and
consequences of tick (Ixodes scapularis) burdens on white-footed
mice (Peromyscus leucopus). Journal of Mammalogy 77:266–273.
POWELL, R. A., AND G. PROULX. 2003. Trapping and marking
terrestrial mammals for research: integrating ethics, performance
criteria, techniques, and common sense. Institute for Laboratory
Animal Research Journal 44:259–276.
ROTHMEYER, S. W., M. C. MCKINSTRY, AND S. H. ANDERSON. 2002. Tail
attachment of modified ear-tag radio transmitters on beavers.
Wildlife Society Bulletin 30:425–429.
RUSAK, B., AND I. ZUCKER. 1975. Biological rhythms and animal
behavior. Annual Review of Psychology 26:137–171.
SCHMINTZ, S. D. 2005. Capturing and handling wild animals. Pp. 239–
285 in Techniques for wildlife investigations and management
(C. E. Braun, ed.). Wildlife Society, Bethesda, Maryland.
SHERWIN, R. E., S. HAYMOND, D. STRICKLAN, AND R. OLSON. 2002.
Freeze branding for permanently marking temperate bat species.
Wildlife Society Bulletin 30:97–100.

253

SOCIETY FOR THE STUDY OF ANIMAL BEHAVIOUR. 2006. Guidelines for the
treatment of animals in behavioural research and teaching. Animal
Behaviour 71:245–253.
STRATHEARN, S. M., J. S. LOTIMER, G. B. KOLENOSKY, AND W. M.
LINTACK. 1984. An expanding break-away radio collar for black
bear. Journal of Wildlife Management 48:939–942.
THOMAS, D. W. 1995. Hibernating bats are sensitive to nontactile
human disturbance. Journal of Mammalogy 76:940–946.
UNITED STATES DEPARTMENT OF AGRICULTURE. 2005. Animal Welfare
Act and animal welfare regulations. Animal Welfare Act as of
November 1, 2005 as found in the United States Code, Title 7—
Agriculture, Chapter 54—Transportation, sale, and handling of
certain animals, Sections 2131–2159. United States Government
Printing Office, Washington, D.C.
WALKER, W. A. 1975. Review of the live-capture fishery for smaller
cetaceans taken in southern California waters for public display.
Journal of the Fisheries Research Board of Canada 32:1197–1211.
WEST, P. M., AND C. PACKER. 2002. Sexual selection, temperature, and
the lion’s mane. Science 297:1339–1343.
WILKINSON, G. S., AND J. W. BRADBURY. 1988. Radio telemetry:
techniques and analysis. Pp. 105–124 in Ecological and behavioral
methods for the study of bats (T. H. Kunz, ed.). Smithsonian
Institution Press, Washington, D.C.
WILSON, D. E., F. R. COLE, J. D. NICHOLS, R. RUDRAN, AND M. S.
FOSTER (EDS.). 1996. Measuring and monitoring biological
diversity: standard methods for mammals. Smithsonian Institution
Press, Washington, D.C.
WILSON, D. E., AND D. M. REEDER (EDS.). 2005. Mammal species of
the world: a taxonomic and geographic reference. 3rd ed. Johns
Hopkins University Press, Baltimore, Maryland. Vols. 1 and 2.
WOOD, M. D., AND N. A. SLADE. 1990. Comparison of ear-tagging and
toe-clipping in prairie voles, Microtus ochrogaster. Journal of
Mammalogy 71:252–255.

Submitted 29 October 2010. Accepted 30 October 2010.
Associate Editor was Ronald E. Barry.

Public Comment Summary for June 2017 Trapping Proposal

Summary of Public Comments
FWP received and reviewed a total of 282 comments and letters.
Close to half the comments had some focus on wolves specifically.
160 comments (57%) identified as being against all trapping, most often describing the activity as
“inhumane.” 78% of these were from outside of Montana. About 20% were one of several form letters.
Several of these comments included language such as “torture,” “sinful,” “barbaric,” “sadistic,”
“ignorant,” and “criminal.” One comment was threatening.
Of these 160 comments where it was clear that the person was against all trapping in general, 80% did
not express an opinion on the specific issues in the proposal. Therefore, nearly half the public comment
seemed to be an expression of the desire to simply eliminate trapping.
Of those who oppose trapping in general that did express an opinion on proposal specifics, 100% were in
favor of a 24-hr check, and 100% were in favor of the proposed Modifications. When an opinion was
expressed on the subject, this group was against Mandatory Education by a 4:1 margin. The most frequent
reasoning given for opposing Education was that a class that included involvement by the Montana
Trapper’s Association would be “unfair to non-consumptive users.” Most of the comments that opposed
Mandatory Education appear to have initiated from a form letter by Wolves of the Rockies.
43 comments (15%) were from trappers, all but two from Montana. Of those who identified as trappers,
86% were for Mandatory Education, 83% were against Modifications, and all were against a 24-hr check.
Many expressed that Mandatory Education and recommendations by FWP (rather than regulation) was
the best way to achieve more the humane treatment of animals that Modifications and a Check-time are
targeted toward.
Of those who did not specifically identify as a trapper or as being against all trapping in general, about
half were for and half against Mandatory Education, about half were for and half against Modifications.
83% of this group expressed support for a 24-hr trap check.
99.9% of Montanans did not comment on this proposal.

Recommendations:
Mandatory Education
Mandatory trapper education should move forward as outlined. Developing and implementing a worldclass program will be a serious and demanding undertaking and should be given high priority during the
coming year. When done well, this program will improve many aspects of trapping in Montana for
decades, including minimizing capture of non-targets and use of best practices (equipment and checks)
that result in humane treatment of captured animals.

Public Comment Summary for June 2017 Trapping Proposal
Suggest striking the requirement to take the class again if a person has not purchased a license during the
last 5 years. Several questions about exactly who does and does not have to take the class indicates the
need to clarify in a succinct manner and via FWP media.

Modifications:
Retain the requirement for swivels as is. This modification is inexpensive and beneficial, and it did not
receive any significant opposition. Strike the requirement for offsets and thicknesses. The details of these
elements have not been thoroughly discussed and considered. They are expensive and time-consuming
to implement, and thus any regulations that may arise regarding these elements should be based on a
fully informed and exhaustive discussion prior to requiring specific changes.
It is important to note that the Association of Fish and Wildlife Agencies makes clear that their Best
Management Practices were developed to be utilized as recommendations and not as the basis for
regulations. If Montana moves to require elements identified as positive in the trapping BMP’s, Montana
will be moving toward a system that is used in Canadian Provinces where there is a list of approved traps.

Check Time
FWP should have a maximum time allowed legally between trap checks as a means of dealing with the
occasional instance of negligence. Such a regulation would allow enforcement to pursue clear cases of
negligence and would likely encourage reduced trap check intervals for some who currently check at “too
long of an interval.”
Of course, “too long of an interval” is subjective and dependent on an individual’s judgement of what is
ethical. Clearly there are wide and divergent opinions among the public regarding what is ethical or “too
long of an interval.” For some, any instance of trapping at all is unacceptable and unethical treatment of
animals. For others, some of whom are trapping for purposes of reducing impacts of predators on
livestock and livelihoods, the intent and need is to kill the animal by whatever means possible. Most who
are trapping classified furbearers do not fall into either of the aforementioned categories. Perhaps for
most Montanans, a group that did not comment on this proposal, the ethics of how long is too long to
have an animal in a trap is a personal and individual decision that varies. An individual’s judgement on
how long is too long may also depend on situational specifics such as the likelihood of a capture, weather,
or personal risk. FWP biologists and the Fish and Wildlife Commission have for many decades seemed to
hold this flexible view that depends on personal ethics, having instituted a recommendation for a 48 hour
check.
It should also be noted that a check time regulation will be very difficult to enforce. It is simply not feasible
for FWP enforcement to “have a stopwatch ticking” on all trap-lines or even many trap-lines. Thus the
effectiveness of a check-time toward achieving its desired outcome must be weighed against the pros and
cons of other approaches.

