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Dear Symposium Participants,
Welcome to the 7th International Martes Symposium! I am honored to welcome you all to the 7th
International Martes Symposium in Ashland, Wisconsin, USA. I am looking forward to a fun,
interesting, and educational next three to four days. I hope you are as well.
The Martes Working Group hosts our symposia every 4 to 5 years to bring together researchers,
ecologists, and other biologists to exchange the latest methods, research, and ideas. These are times for
oral presentations, posters, and other information exchanges. Perhaps more importantly, is catching up
with old friends, renewing old relationships, and forging new ones. Our personal relationships are the
most important aspect of the Martes Working Group and, in the long-run, I am hopeful that this
symposium can provide a venue to enhance these relationships.
The 7th symposium has some familiar aspects and some new ones compared to our previous symposia.
Our theme this time around is “The Martes Complex: Does the Ecology Match the Phylogeny”. In some
regards, we have talked about this subject more or less in past symposia. For example, see Proulx and
Aubry (2017, The Martes Complex: a monophyletic clade that shares many life-history traits and
conservation challenges) for some introductory material. This year, the planning team tried to put some
detail to this idea of a Martes Complex and to explore the ecology of the Complex in relation to its
phylogeny. In the past, we have not always been able to represent all members within the Martes
Complex. This year we are pleased to welcome diverse presentations that include both wolverines and
tayra, two species that have not been well represented in the past. I hope that these species will continue
to have regular representation in our group in the future. The other new aspect to our symposium this
year is the inclusion of “rapid fire” talks. These are short 5 minute presentations, meant to stimulate
new ideas and conversations, without all of the details often included in traditional 20 minute oral
presentations. These have proven to be popular elsewhere and we have included many of the rapid fire
talks throughout the program.
This year in place of a more standard banquet, we have organized an outdoor picnic in a local park. This
picnic will be open to all registrants for no additional cost. I felt it important to include everyone in this
activity, not only those willing and able to pay for a banquet. My hope is that this picnic provides an
opportunity to meet the goal of enhancing personal friendships. Please plan on joining us on Tuesday
evening for this event.
Finally, I would be completely remiss if I did not recognize the contribution of the many people who
have made this symposium a success. Of course, trying to name everyone is problematic. First off,
there are too many to name individually and once one starts to name people one is very likely to forget
or otherwise slight someone. So, before I begin I want to apologize if I do leave someone out.
By far the most important person to recognize is Michael Joyce, the chair of the arrangement committee.
I am sure that the other organizers of this symposium would agree that without Michael this event would
not be as well planned or organized. It is hard to enumerate all of the ways in which Michael has
contributed. He prepared spreadsheets on everything from papers, posters etc. to costs of catering. He
has organized all of the various conference calls to keep the rest of us on task. And, he has originated
and responded to all of the literally thousands of emails we have exchanged over the past couple of years
providing information and direction. I could go on and on. Please, when you see Michael, shake his
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hand (or give him a hug if you know him well enough) and thank him for his efforts. They have been
extraordinary.
The other person I want to recognize is Aaron Facka. Aaron is not identified as a ‘committee chair’ in
any list, but, believe me, he has also gone above and beyond the call of duty for this symposium. His
help was essential in the coordination of abstract submissions, categorization of abstracts, and ensuring
that the review process was fair and thorough. He was instrumental in organizing the award of travel
scholarships to those who received them. He has established a team of people who will be evaluating
presentations for student and young professional presenters so that their peers can help them improve
this mode of communication. He has worked with Katie Moriarty to develop two sessions on broadscaled collaboration that will come at the end of days two and three. But, in my mind Aaron’s largest
contribution has been in coming up with good, innovative ideas on a wide range of topics. These ideas
have led to a really strong symposium program. Again, thank Aaron when you see him (or buy him a
beer).
Many others, of course, deserve thanks. The Board of the Martes Working Group: (Katie Moriarty,
Scott Yaeger, and Sean Matthews) provided, and continue to provide, guidance and advice to the
planning team. I give them my heartfelt thanks. The Science Team (Roger Powell, Marina Mergey,
Katie Moriarty, Pat Zollner, and Jon Pauli) has been in contact with each other for more than 2 years
helping to determine the symposium theme and review and evaluate abstract submissions. Their work is
on-going as we explore and implement the publication of the results of this symposium. Finally, there
are all of the volunteers who have taken on myriad responsibilities. They are many, some probably that
I do not even know, operating behind the scenes. Chief among them is Jessica Buskirk, who has
participated on several of our conference calls and has taken on the responsibility of making the program
look professional. All of these people deserve our thanks, for without them this symposium would just
not be possible.
At the end of our 7th symposium we will hold a business meeting. There are three very important topics
to discuss. The first is the publication that comes from this symposium. Each of the prior six symposia
have resulted in a book that contains many of the papers presented, or, in two cases, a review of the
status of knowledge of the Martes Complex. We have every intention of continuing this tradition. Yet,
finding publishers to accept this type of a book is increasingly hard. We want to have an open
discussion with the membership about this issue and to try to reach a consensus on a tack to take for this
symposium. The second item to discuss is the location and date of the next symposium, and, related to
that, the leadership that will help guide this process. We are an informal group, with no by-laws or
governance structure. Our lack of governance structure, lack of by-laws and lack of non-profit status,
has hindered us in the organization of this year’s symposium. So, third we need a conversation about
our structure as well as who will take charge of organizing and leading the next symposium.
That is enough for this letter of welcome. I hope that everyone finds this gathering of old and new
friends and colleagues to be fun and informative. If we accomplish the goals of having fun and learning
more, then our symposium will be a success.
Sincerely,
Jonathan Gilbert
Chair, Martes Working Group
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Oregon State University
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Special thanks to all the volunteers that helped with the symposium!
Brent Barry
Jessica Buskirk
Neil Dawson
Bryn Evans
Carly Lapin
Melonee Montano

Jordyn O’Gara
John Olson
Erik Olson
Alyssa Roddy
Matthew Smith
Jesse Tigner

Patrick Tweedy
Julie Van Stappen
Zach Wilson
Jim Woodford

We would like to especially acknowledge Alan Brew, Melissa Harvey, Dawn Rivard,
and Amanda Tutor from Northland College for their help finalizing arrangements.

ORGANIZERS:
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We sincerely thank our sponsors for their generous contributions to help
make this symposium possible.
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GENERAL INFORMATION
Venue
Northland College, 1411 Ellis Avenue South, Ashland, Wisconsin 54806, USA
Internet
Wireless internet is available at Northland College. Information on Wi-Fi network and password will
be available at the registration desk.
Registration
The registration desk will be located in the Ponzio Center in the hallway outside of the Alvord
Theatre. The registration desk will be open:
Sunday, July 29: 12:00 – 18:00
Monday, July 30 & Tuesday, July 31: 8:00 – 18:00
Wednesday, August 1: 8:00 – 17:00
Presentations
Equipment – The computer that will be used for presentations is a Window’s-based PC running
Microsoft Office 2010. Your presentation must be created in or converted to Microsoft PowerPoint
(.ppt or .pptx) or Adobe PDF (.pdf) format. Presentations created in PowerPoint on Macintosh
computers should be previewed on a PC to ensure compatibility. A handheld slide advancer with
laser pointer will be available.
Length & Format – Contributed oral presentations will be allotted 15 minutes for the talk and 5
minutes for questions. Keystone presentations will be allotted 25 minutes for the talk and 5 minutes
for questions. Presentations that go longer than the allotted presentation time will be allowed to
continue, with a corresponding reduction in time allowed for questions, for a maximum of 20
(contributed) or 30 (keystone) minutes. Rapid presentations will be allotted 5 minutes for the talk and
no time for questions.
The projector will be formatted for standard (4:3) format. Please create your presentation in standard
(4:3) rather than wide-screen (16:9) format. Presenters must load their presentation on the provided
computer at least 15 minutes before the start time of the session in which they present. Please bring
your presentation on a USB flash drive to the presentation room in between sessions. We encourage
presenters to load their presentations early and preview slides during session breaks to ensure they
are satisfied with display quality.
Posters
Poster Session – The poster session will be held on Monday, 30 July from 4:15-6:00 PM. Posters will
be displayed on poster boards or on the wall. Binder clips and tape will be provided to attach posters
to poster boards or the wall, respectively. At least one author should be present at the poster during
the entire poster session.
Poster Size – Maximum poster size is 36 inches x 48 inches. Posters can be created in either
landscape (48 inches wide x 36 inches high) or portrait (36 inches wide x 48 inches high) orientation.
Poster Set-up and Take-down – All posters should be displayed by 1:00 PM on Monday, July 30th.
Posters can remain displayed for the duration of the meeting, but must be removed by 5:00 PM on
Wednesday, August 1st. Posters not removed by this time may be discarded.
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Lunches
Lunches will be served 12:00–13:00, Monday, July 30th through Wednesday, Aug. 1st in Baldwin
Commons, located in the Ponzio Campus Center. Lunch is provided free of charge to all registrants.
Gluten-free and vegetarian options will be provided.
Refreshment breaks
Coffee, tea, and snacks will be served during morning (Tues., July 31st and Wed., Aug. 1st) and
afternoon (Mon., July 30 through Wed., Aug. 1) breaks in Baldwin Commons.
Welcome Social and Poster Session
Please join us for the Welcome Social and Poster Session on Monday, July 30th in the Ponzio
Campus Center from 16:00 – 18:00. Light appetizers and 2 free beverages will be available for all
registered Symposium participants. Drinks will also be available for purchase. We will also have a
fundraising auction during the Welcome Social and Poster Session. Participants are encouraged to
bring items to donate for the auction.
Conference Picnic
The Conference Picnic will be held on Tuesday, July 31st from 17:30 to 19:00. The picnic will be
held at Prentice Park, which is located about 5 km (3 mi) from Northland College. We will provide a
free shuttle from Northland College to Prentice Park. The outdoor picnic will include a local fish boil
and fish fry, side dishes, and beverages. Gluten-free and vegetarian options will also be available. All
registered Symposium participants and accompanying family members are welcome to join us at the
picnic. Please be prepared for outdoor conditions, including weather conditions and biting insects.
Martes Working Group business meeting
The Martes Working Group business meeting will be held on Wednesday, August 1st at 16:00 in the
Alvord Theatre. At this meeting, we will discuss Martes Working Group board member positions and
elections, the location of the next International Martes Symposium, and possible formats for the
publication from this year’s symposium. All Symposium participants are strongly encouraged to
attend and take an active role in the Martes Working Group.
Publication
The Martes Working Group plans to publish a book based on the Symposium. We will discuss details
about this publication, including a general timeline and possible publication formats, during the
business meeting on Wednesday, August 1st. We encourage all presenters to attend the business
meeting and consider contributing to the publication.
The book from the 6th International Martes Symposium “The Martes Complex in the 21st Century:
Ecology and Conservation” is available for purchase from the library of the Mammal Research
Institute PAS (website: http://www.zbs.bialowieza.pl/artykul/233.html). We will have 20 copies of
this book available for sale at the symposium. Please visit the registration desk to purchase the book.
Field trips
Space is still available to join any of our three field trips: Apostle Islands Cruise (Thursday, August
2nd); Marten study area in Iron County, Wisconsin (Thursday, August 2nd); and Lake Superior’s
Scenic North Shore (Friday, August 3rd). Please visit the registration desk for information or to signup for a field trip.
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= Free Parking Lot
= Fenenga Hall
(dorm)
= Ponzio Center
= Alvord Theatre
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The Martes Complex: Does the ecology
match the phylogeny?
Symposium Schedule at a Glance

9:50 – 10:10 am:
Morning Break

Evening

9:50 – 10:10 am:
Morning Break
10:10 – 11:50 am:
Physiology and
Foraging Ecology

10:10 – 11:50 am:
Reproductive
Ecology

11:55 – 1:00 pm

11:50 – 1:00 pm

11:50 – 1:00 pm

1:00 – 2:50 pm:
Conservation and
Management

1:00 – 2:50 pm:
Population
Ecology

1:00 – 2:00 pm:
Community
Ecology

2:50 – 3:15 pm:
Afternoon Break

2:50 – 3:10 pm:
Afternoon Break

3:15 – 4:00 pm:
Rapid Fire
Talks I

3:10 – 3:35 pm:
Rapid Fire
Talks II

2:00 – 2:30 pm:
Keystone
Presentation: Does
the Ecology Match
the Phylogeny?

4:00 – 6:00 pm:
Poster Session &
Welcome Social

5:30 – 7:00 pm:
Picnic Dinner

Friday
August 3

8:00 – 9:50 am:
Habitat Ecology

9:50 – 11:55 am:
Phylogenetics,
Conservation
Genetics,
Techniques

3:35 – 5:00 pm:
Broad Scale
Collaborative
Session I

Thursday
August 2

2:30 – 2:40 pm:
Afternoon Break
2:40 – 4:00 pm:
Broad Scale
Collaborative
Session II

FIELD TRIP – 9:30 am to 4:30 pm – Lake Superior North Scenic Shore

9:30 – 9:45 am:
Martes Poem

8:00 – 9:50 am:
Movement
Ecology and
Activity

Wednesday
August 1

FIELD TRIP – 8:00 am to 12:30 pm – Marten Study Area in Iron County, WI

Afternoon

Lunch

Morning

9:00 – 9:30 am:
Welcoming
remarks

Tuesday
July 31

FIELD TRIP – 8:30 am to 5:30 pm – Apostle Islands Cruise

Monday
July 30

4:00 – 5:00 pm:
Business Meeting
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7th International Martes Symposium
Oral Presentations and Schedule of Events
Monday, July 30
8:00 – 9:00

Registration – Entrance to Alvord Theatre

9:00 – 9:15

Welcoming remarks – Jonathan Gilbert, Chair of the Martes Working
Group

9:15 – 9:30

Welcome to Ojibwe Country – Mike Wiggins, Chairman of Bad River
Tribe

9:30 – 9:45

Poem to celebrate the Martes complex – Kimberly Blaeser, White Earth
Anishinaabe, Wisconsin Poet Laureate 2015-2016, University of
Wisconsin-Milwaukee

Session 1: Phylogenetics, Conservation Genetics, & Techniques
9:50 – 10:35

Keynote Presentation: An overview of the molecular systematics and
taxonomy of the Guloninae and an update on whole genome sequencing of
marten species – Klaus-Peter Koepfli

10:35 – 10:55

Island life: American marten colonization and genetic structure on the
Apostle Islands, Wisconsin, USA – Matthew M. Smith, James E.
Woodford, Jonathan H. Gilbert, Julie F. Van Stappen, and Jonathan N.
Pauli

10:55 – 11:15

Incorporating airborne LiDAR data into habitat research and management:
Challenges and opportunities for the Martes Complex – Michael J. Joyce,
John D. Erb, Barry A. Sampson, and Ron A. Moen

11:15 – 11:35

Novel tools to identify “important” rest structures used by martens and
fishers – Katie M. Moriarty, Bruce Hollen, Matthew S. Delheimer,
Caylen Cummins, and Dalton Hance

11:35 – 11:40

Use of non-invasive techniques to estimate pine marten population size in
the Fleet Basin, South-west Scotland, UK – Johnny Birks, John Martin,
Elizabeth Croose, Gareth Ventress, Catherine O’Reilly, and Peter Turner
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11:40 – 11:45

Den boxes as a tool for pine marten (Martes martes) conservation and
population monitoring in a commercial forest in Scotland – John Martin,
Elizabeth Croose, Johnny Birks, and Gareth Ventress

11:45 – 11:50

GPS/satellite collars for fishers – Marianne Cheveau and Chris Lusko

11:50 – 11:55

Discovery of wolverine den in southern Washington Cascades using
noninvasive techniques – Jocelyn Akins

11:55 – 13:00

Lunch – Baldwin Commons

Session 2: Conservation & Management
13:00 – 13:30

Keynote Presentation: Martes Complex: Similar ecological needs and
common conservation strategies – Gilbert Proulx and Keith B. Aubry

13:30 – 13:50

The effects of fuels treatments, wildfire, and post-fire salvage logging on
fishers and a carnivore community – David S. Green, Sean M. Matthews,
and Roger A. Powell

13:50 – 14:10

Integrating science and management for American marten conservation in
New York State – Timothy M. Watson and Paul G. Jensen

14:10 – 14:30

Managing a state-listed species: It's not as easy as you would think –
James E. Woodford, Jonathan Gilbert, and Dan Eklund

14:30 – 14:50

Identifying functional populations of fishers and wolverines for
conservation and management – Richard D. Weir, William L. Harrower,
Kristine L. Pilgrim, and Michael K. Schwartz

14:50 – 15:15

Refreshment Break – Ponzio Center

Session 3: Rapid Fire Talks I
15:15 – 15:20

15:20 – 15:25

Who is using YOUR science? Targeting decision-makers to conserve
fisher habitat across British Columbia – J. Scott Yaeger, Richard D.
Weir, Pedro Lara Almuedo, Fraser Corbould, Larry Davis, Inge-Jean
Hansen, Eric C Lofroth, Mark Phinney, and Karyn Sutherland
Preliminary results on employing GPS collars to assess fisher (Pekania
pennanti) habitat use following drought-induced tree mortality in the
southern Sierra Nevada – Rebecca E. Green, Kathryn L. Purcell, Eric
McGregor, and Craig M. Thompson
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15:25 – 15:30

Discovery of a state-endangered American marten (Martes americana)
population in the Apostle Islands National Lakeshore – Morgan J.
Morales, Erik R. Olson, Maximilian L. Allen, Emily Iehl, Bryn E. Evans,
Julie Van Stappen, Timothy R. Van Deelen

15:30 – 15:35

Forest carnivore dietary response to tree mortality – G. Brad Smith, Jody
M. Tucker, and Jonathan N. Pauli

15:35 – 15:40

Assessing fisher response to severe drought and widespread tree mortality
in the southern Sierra Nevada Mountains through long-term population
monitoring – Jody M. Tucker, David S. Green, Sean M. Matthews, and
William J. Zielinski

15:40 – 15:45

Current status and management of the wolverine (Gulo gulo) in Ontario,
Canada – F. Neil Dawson

15:45 – 15:50

Tracking expansion of fishers after release: A case of cooperative
conservation – Aaron N. Facka, Sean M. Matthews, Bethany Johnson, G.
Wesley Watts, Colin Dillingham, Matt Reno, Stacy Anderson, Pete
Figura, Tom Rickman, and Roger A. Powell

15:50 – 15:55

Assessing linear arrays with multiple trail cameras to detect fisher, marten
and short-tailed weasel – Bryn Evans, Cory Mosby, and Alessio
Mortelliti

15:55 – 16:00

Landscape of stress among Pacific fishers: Does climate change trump
anthropogenic modifications in their home ranges? – Jennifer R.
Kordosky, Eric M. Gese, Susannah S. French, Craig M. Thompson, Lori
Neuman-Lee, and Jon D. Schneiderman

16:00 – 18:00

Poster Session, Welcome Social, and Auction - Ponzio Campus Center
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Tuesday, July 31
Session 4: Movement Ecology & Activity
8:00 – 8:30

Keynote Presentation: A marten's gotta do what a marten's gotta do:
Unexpected pine marten behaviors in fragmented, cereal plains – Marina
Mergey, Pauline Hubert, Manon Gautrelet, Maden Le Barh, and Rémi
Helder

8:30 – 8:50

Love thy neighbour: The effect of conspecifics on post-release movements
and landscape use of translocated pine martens – Jenny MacPherson,
David Bavin, Josephine Bridges, Catherine McNicol, and Robbie
McDonald

9:50 – 9:10

Intersexual variation in the temporal structuring of fisher activity –
Nicholas P. McCann, Patrick A, Zollner, and Jonathan H. Gilbert

9:10 – 9:30

The role of stress and personality in wildlife translocations: Lessons from
a pine marten population reinforcement in Wales – David Bavin, Katya
Zaki, Thomas Shanta, Sue Walker, Jenny MacPherson, and Robbie A.
McDonald

9:30 – 9:50

Diel and seasonal activity patterns of yellow-throated martens (Martes
flavigula) in the Korean Peninsula – Donggul Woo, Bumsuk Seo, Euiguen
Song, Heebok Park, Anya Lim, and Tae-Young Choi

9:50 - 10:10

Refreshment break – Ponzio Campus Center

Session 5: Reproductive Ecology
10:10 – 10:40

Keynote Presentation: Reproductive ecology and its ties to habitat in
the Martes Complex: Examples from fishers (Pekania pennanti) in the
southern Sierra Nevada – Rebecca E. Green, Kathryn L. Purcell, Craig
M. Thompson, Douglas A. Kelt, and Heiko U. Wittmer

10:40 - 11:00

Early development and reproductive den characteristics of a secondarycavity-obligate mustelid – Sean M. Matthews, David S. Green, J. Mark
Higley, Kerry M. Rennie, Caylen M. Cummins, and Rebecca E. Green

11:00 - 11:20

Reproductive chronology, denning behavior, and determinants of
reproductive success in female wolverines – Jens Persson, Malin
Aronsson, Matthew Low, and Geir Rune Rauset
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11:20 – 11:40

Wolverine female territorial dynamics and its effect on dispersal pattern,
implications for management of an expanding population – Malin
Aronsson and Jens Persson

11:40 – 11:45

Low incidence of anticoagulant rodenticides in fishers from British
Columbia – Richard D. Weir, John E. Elliott, Sandi Lee, and France
Maisonneuve

11:45 – 11:50

Assessing evidence of risk: using genetic metabarcoding to evaluate
bobcat and lion predation of fisher and marten – Katie M. Moriarty, Taal
Levi, and Jake Verschuyl
Lunch – Baldwin Commons

11:50 – 13:00

Session 6: Population Ecology
13:00 – 13:30

Keynote Presentation: Multi-region, multi-scale, mesocarnivore
monitoring: Developing a scientifically defensible broad-scale monitoring
framework – Jody M. Tucker, Katie M. Moriarty, Jessie Golding,
Michael K. Schwartz, and Kevin S. McKelvey

13:30 – 13:50

Developing tools to forecast and monitor American marten populations in
Interior Alaska – Kerry L. Nicholson, Alyssa L. Crawford, Craig L.
Gardner, and Jack Whitman

13:50 – 14:10

Indirect effects of landscape-scale fragmentation on Humboldt martens –
Keith M. Slauson

14:10 – 14:30

Fisher ecology on the Sierra National Forest: Conclusion of the SNAMP /
Sugar Pine fisher study – Craig M. Thompson, Kathryn L. Purcell, and
Rebecca E. Green

14:30 – 14:50

Survival of fishers reintroduced to the Olympic Peninsula of Washington –
Jeffrey C. Lewis, Kurt J. Jenkins, Patti J. Happe, David J. Manson, and
Paul C. Griffin

14:50 – 15:10

Refreshment Break – Ponzio Campus Center

Session 7: Rapid Fire Talks II
15:10 – 15:15

Insights from the species status assessment of the North American
wolverine – Betty J. Grizzle
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15:15 – 15:20

No translocation without representation: The importance of community
support for pine marten releases in Wales – David Bavin, Jenny
MacPherson, Huw Denman, and Robbie A. McDonald

15:20 – 15:25

Developing and testing an over-winter protocol for detecting wolverines
and other low-density carnivores with camera traps and an automated
scent disperser – Robert A. Long, Paula MacKay, Keith B. Aubry, and
Cathy M. Raley

15:25 – 15:30

Pine marten vs. raccoon? – Marina Mergey, Pauline Hubert, Manon
Gautrelet, Maden Le Barh, and Rémi Helder
Factors influencing the distribution and abundance of American marten
(Martes americana) at multiple spatial scales within an island archipelago
– Erik R. Olson, Maximillian L. Allen, Rachel Harris, Lucas Olson,
Morgan J. Morales, Julie Van Stappen, and Timothy R. Van Deelen

15:30 – 15:35

Broad Scale Collaborative Session I
15:35 – 17:00

Rest sites and population limitation in the Martes Complex

Symposium Picnic – 17:30 to 19:00
Please join us for the symposium picnic at Prentice Park, just 5 km (3 mi) from
Northland College.
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Wednesday, August 1
Session 8: Habitat Ecology
8:00 – 8:30

Keynote Presentation: Individual based modeling of an endangered
carnivore can simultaneously be pragmatic and paradigmatic – Casey C.
Day, Patrick A. Zollner, Jonathan H. Gilbert, and Nicholas P. McCann

8:30 – 8:50

Validation of an habitat quality model for American marten across
province of Quebec, Canada – Marianne Cheveau and Pierre Blanchette

8:50 – 9:10

Lessons learned from studies of resource selection of fishers following
reintroduction on Washington's Olympic Peninsula: Preliminary
assumptions, founders and their progeny – Patricia J. Happe, Jeffrey C.
Lewis, Kurt J. Jenkins, and Rebecca M. McCaffery

9:10 – 9:30

Influence of changing forest cover and snow conditions on fisher and
marten populations in Quebec – Pauline Suffice, Louis Imbeau, Hugo
Asselin, Marc J. Mazerolle, Marianne Cheveau, and Pierre Drapeau

9:30 – 10:10

Refreshment Break – Ponzio Campus Center

Session 9: Physiology & Foraging Ecology
10:10 – 10:35

Keynote Presentation: Estimating energy expenditure and total body water
content of fishers in California with doubly labeled water – Aaron N.
Facka and Roger A. Powell

10:35 - 11:00

Keynote Presentation: Estimating energy expenditure by fishers using
GPS telemetry data – Roger A. Powell and Aaron N. Facka

11:00 - 11:20

Spatio-temporal variation in the diet of the wolverine (Gulo gulo), in
Yukon – Jean-Francois Robitaille, Thomas S. Jung, and Piia M. Kukka

11:20 – 11:40

Temporal patterns of wolverine (Gulo gulo luscus) foraging in the boreal
forest – Matthew A. Scrafford and Mark S. Boyce

11:40 – 11:45

Improving inferences from scat-based diet studies for Martes and Pekania
– Keith M. Slauson

11:45 – 11:50

Poor body condition and diet diversity in a harvested population of fishers
– Rebecca Kirby, Carissa Freeh, Jonathan H. Gilbert, John F. Olson, and
Jonathan N. Pauli
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11:50 – 13:00

Lunch – Baldwin Commons

Session 10: Community Ecology & Keystone Presentation
13:00 – 13:20

Abiotic conditions mediate intraguild interactions between mammalian
carnivores – Paul G. Jensen and Murray M. Humphries

13:20 – 13:40

The source and colonization history of Isle Royale’s rediscovered martens
(Martes americana) – Philip J. Manlick, Mark C. Romanski, and
Jonathan N. Pauli

13:40 – 14:00

The tayra (Eira barbara) in a rapidly changing biological corridor:
Occurrence, activity, and interspecific interactions – Michael Cove,
Manuel Spinola, and Joel Saenz

14:00 – 14:30

Keynote Presentation: The “Martes Complex”: Does the ecology match
the phylogeny? – Steven W. Buskirk

14:30 – 14:40

Refreshment Break – Ponzio Campus Center

Broad Scale Collaborative Session II
14:40 – 16:00

Monitoring population level change of carnivores at large scales

Martes Working Group Business Meeting
16:00 – 17:00

17:00

Discuss Board Member nomination and election process,
options for publication resulting from 7th Martes Symposium,
and date and location of next symposium
Adjourn
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FIELD TRIPS
We still have space available on all 3 of our field trips. Please go to the registration desk to get
more information or to sign up for a field trip.

Thursday, August 2
Field Trip to the Apostle Islands – 8:30 to 17:30
We will meet in Bayfield Marina at 9:00 am. A shuttle will bring people without their own
transportation to Bayfield Marina (meeting at 8:15 am near Northland College’s Alvord
Theatre). The chartered cruise ship will leave Bayfield at 9:30 am, making stops at Stockton,
Manitou, and Raspberry Islands before returning to Bayfield around 17:00. Participants will
enjoy presentations about Traditional Ecological Knowledge of the Apostle Islands, given by
Red Cliff Tribal member Melonee Montana, and ongoing marten research on the islands, given
by University of Wisconsin-Madison Ph.D. student Matthew Smith. This field trip costs $65,
which includes the cruise and lunch. Please dress for the weather and wear appropriate footwear,
as we will spend a lot of time outside during this field trip and will walk on uneven trails.

Field Trip to the Marten Study Area in Iron County, WI – 8:00 to 12:30
Participants should meet outside Northland College’s Alvord Theatre at 7:45. We will be
departing Northland College at 8:00, arriving in Iron County forest land around 9:00. We will
tour the site, including visits to marten rest sites. We will get back to Northland College at
12:30. This field trip costs $12 USD, which includes transportation and lunch. Please prepare to
be outside on uneven terrain, and please bring hiking or much boots, if possible.

Friday, August 3
Field Trip to Lake Superior North Scenic Shore – 9:30 to 16:30
*Note: This trip leaves Duluth, Minnesota at 10:00 and will return to Duluth.
Leaves University of Minnesota Duluth at 9:30. We will stop at Gooseberry Falls State Park and
Split Rock Lighthouse State Park. On the way back, we will stop at a few sites of interest in the
Superior National Forest within the study area of a recent project on fisher and marten ecology.
We will arrive back in Duluth around 16:30. This field trip costs $30 USD, which includes
transportation, state park admission fees, and lunch. Please dress for the weather, as we will
spend a lot of time outside during this field trip.
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POSTER SESSION & WELCOME SOCIAL
Monday, July 30TH, Ponzio Campus Center
4:00 PM to 6:00 PM
Maximizing the detection of fishers: Investigating the biotic and abiotic factors that affect
DNA analyses of Pekania pennanti with non-invasive hair snares – Erika L. Anderson,
Taylor R. Peltier, David S. Green, Sean M. Matthews, and Roger A. Powell
Comparing potential population extent to contemporary occupancy of Pacific fisher
(Pekania pennanti) in Western Oregon – Brent Barry, Katie M. Moriarty, Taal Levi, and
David S. Green
Determining sex of Pacific marten and fisher from remote camera data – Jessica Buskirk,
Katie M. Moriarty, Mark A. Linnell, Caylen Cummins, and Brent Barry
Current status and management of the wolverine (Gulo gulo) in Ontario, Canada – F. Neil
Dawson
“Marten” boxes: Surrogate cavity structures for a cavity-obligate forest carnivore –
Matthew S. Delheimer, Mark A. Linnell, and Katie M. Moriarty
Assessing linear arrays with multiple trail cameras to detect fisher, marten and short-tailed
weasel – Bryn Evans, Cory Mosby, and Alessio Mortelliti
Reintroduction of a mature forest carnivore onto a landscape managed for timber
production – Aaron N. Facka, Deana L. Clifford, Kevin P. Smith, Sean M. Matthews,
Tom Engstrom, Ed Murphy, Laura Finley, J. Scott Yaeger, Pete Figura, Richard Callas,
and Roger A. Powell
Using collar-mounted data loggers to investigate wolverine behaviors associated with
snow cavities – Thomas W. Glass, Knut Kielland, Audrey J. Magoun, Martin D. Robards,
and Cory T. Williams
Detection and preliminary monitoring of a male fisher (Pekania pennanti) north of the
Merced River in the Sierra Nevada – Rebecca E. Green, Jody M. Tucker, Kathryn L.
Purcell, Sarah L. Stock, Stephanie A. Eyes, Jordan L. Heiman, and Steven L. Mitchell
Bips and bib-liographies: Post-release monitoring of translocated pine martens – Jenny L.
MacPherson, David Bavin, Josephine Bridges, and Robbie McDonald
Discovery of a state-endangered American marten (Martes americana) population in the
Apostle Islands National Lakeshore – Morgan J. Morales, Erik R. Olson, Maximilian L.
Allen, Emily Iehl, Bryn E. Evans, Julie Van Stappen, Timothy R. Van Deelen
Pine martens in a mountainous landscape – Marina Mergey and Rémi Helder
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A climate change vulnerability assessment of Waabizheshi (American marten) and Ojiig
(fisher): Combining scientific and traditional ecological knowledge – Hannah Panci,
Melonee Montano, Travis Bartnick, Aaron Shultz
Estimating home ranges using different currencies and incorporating animal perception
about their environments – Roger A. Powell and Aaron N. Facka
Modeling broad-scale wolverine occupancy in a remote boreal region using multi-year
aerial survey data – Justina Ray, Lucy Poley, Audrey Magoun, Cheryl-Lesley
Chetkiewicz, F. Meg Southee, F. Neil Dawson, and Chris Chenier.
Reproductive structure use and kit development of Pacific martens (Martes caurina) in the
Lassen National Forest, California – Alyssa M. Roddy, Katie M. Moriarty, Matthew S.
Delheimer
Wolverine conservation and field research in northern Ontario – Matthew A. Scrafford
Large-scale population structure of American marten from Interior Alaska – Elise Stacy,
Kris Hundertmark, and Kerry L. Nicholson
American marten (Martes americana) microhabitat characteristics in mixed
deciduous/coniferous Laurentian forests – Heather Stricker, Jonathan Gilbert, Deahn
Donner, Lisa Zoromski, and Jason Wogsland
Stand occupancy by fisher (Pekania pennanti) and tree squirrels: Investigating the
influence of masting hardwoods in northern California – Andria Townsend, Aaron Facka,
Sean Matthews, and Micaela Szykman Gunther
Using fine scale resolution vegetation data from LiDAR and ground based sampling to
describe Pacific marten resting habitat – Patrick J. Tweedy, Katie M. Moriarty, Clinton
W. Epps, and John D. Bailey
American marten (Martes americana) resting site structure on Iron County, Wisconsin
forest lands – Zach Wilson
Who is using YOUR science? Targeting decision-makers to conserve fisher habitat across
British Columbia – J. Scott Yaeger, Richard D. Weir, Pedro Lara Almuedo, Fraser
Corbould, Larry Davis, Inge-Jean Hansen, Eric C Lofroth, Mark Phinney, and Karyn
Sutherland
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ORAL PRESENTATION ABSTRACTS (ORDERED CHRONOLOGICALLY)

KEYNOTE PRESENTATION
An overview of the molecular systematics and taxonomy of the Guloninae and an update
on whole genome sequencing of marten species
Klaus-Peter Koepfli1,2
1

Smithsonian Conservation Biology Institute, National Zoological Park, Washington, D.C. 20008 USA; Email:
KoepfliK@si.edu or klauspeter.koepfli527@gmail.com
2
Theodosius Dobzhansky Center for Genome Bioinformatics, St. Petersburg State University, St. Petersburg, 199034
Russian Federation

During the last 20 years, our understanding of the evolutionary relationships among the species
now circumscribed within subfamily Guloninae and their position within family Mustelidae has
changed substantially, especially following the introduction of DNA sequences to estimate
phylogenetic trees. I will summarize our current understanding of the phylogenetic relationships
among the martens (Martes spp.), fisher (Pekania) wolverine (Gulo) and tayra (Eira), especially
with regards to evidence based on DNA sequences, and the ongoing consequences this has had
for their taxonomic classification. I will discuss how the known fossil record of martens and their
relatives corresponds with the phylogenetic hypotheses and divergence times based on molecular
sequence data. I will also provide an historical overview of subspecies taxonomy, an area that
remains largely unresolved. Research is urgently needed to test the validity of subspecies and
whether evolutionary significant units exist, especially since many of the species are widely
distributed. Lastly, I will present an update on the progress being made to sequence whole
genomes of several marten species and the wolverine and will discuss how such genomic
resources can be used to address questions of adaptation, evolution, and the conservation of
genetic diversity in both ex-situ and in-situ populations of these charismatic carnivores.
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Island life: American marten colonization and genetic structure on the Apostle Islands,
Wisconsin, USA
Matthew M. Smith1, James E. Woodford2, Jonathan H. Gilbert3, Julie F. Van Stappen4, and
Jonathan N. Pauli1
1

University of Wisconsin, Department of Forest and Wildlife Ecology, 1630 Linden Drive, Madison, WI 53706,
USA. Email: mmsmith9@wisc.edu
2
Wisconsin Department of Natural Resources, Bureau of Natural Heritage Conservation, Rhinelander, WI 54501,
USA
3
Great Lakes Indian Fish and Wildlife Commission, Odanah, WI 54861, USA
4
National Park Service, Apostle Islands National Lakeshore, Bayfield, WI 54814, USA

The American marten (Martes americana) is the only state endangered mammal in Wisconsin.
Martens were extirpated from the state in the 1920s due to unregulated trapping and extensive
habitat loss from logging. In 1953 and 1956 the first reintroduction occurred in the state with a
release of 10 individuals to Stockton Island of the Apostle Islands. The last reported observation
occurred in 1969 and the reintroduction was considered a failure. Since 1975 reintroductions
have occurred in the Chequamegon and Nicolet National Forest with the release of 139 and 172
martens respectively, but population viability has remained tenuous and limited genetic
admixture has been observed between these reintroduced populations. Unexpectedly, martens
were observed on the Apostle Islands in 2010 after a nearly 50 year absence. To better
understand marten origin and colonization of the Apostle Islands, we deployed non-invasive hair
traps across three islands -- Stockton (n = 45), Cat (n = 10), and Manitou (n = 13) -- and checked
traps every 7 to 10 days from August through October, for a total of 7 checks. Using a speciesspecific real time PCR assay that targets mitochondrial DNA, we identified 223 samples as
martens. Surprisingly, the majority (60%) of the samples collected came from Cat and Manitou
Islands even though these two islands combined had half the number of hair snares compared to
Stockton Island. From these samples, we identified individuals and quantified genetic measures
of expected and observed heterozygosity, allelic richness, and inbreeding (FIS) to establish
measures of genetic structure on the Apostle Islands. Given the status of marten populations in
Wisconsin, identifying the source of colonization and quantifying their genetic structure will
help to identify whether the Apostle Islands could act as a regional refugia for the species.
Keywords: population genetics, Martes americana, colonization, non-invasive sampling
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Incorporating airborne LiDAR data into habitat research and management: Challenges
and opportunities for the Martes Complex
Michael J. Joyce1,2, John D. Erb3, Barry A. Sampson3, and Ron A. Moen2,4
1

University of Minnesota, Integrated Biosciences Graduate Program, 5013 Miller Trunk Highway, Duluth,
Minnesota, 55811, USA. Email: joyc0073@d.umn.edu
2
University of Minnesota Duluth, Natural Resources Research Institute, 5013 Miller Trunk Highway, Duluth,
Minnesota, 55811, USA.
3
Minnesota Department of Natural Resources, Forest Wildlife Populations and Research Group, 1201 E. Hwy 2,
Grand Rapids, Minnesota, 55744, USA.
4
University of Minnesota Duluth, Department of Biology, Duluth, Minnesota, 55812, USA.

Habitat ecology is a common focus of research on species in the Martes Complex. Habitat loss
from anthropogenic activities contributed to past population declines for many species in the
Martes Complex, and habitat loss from human land use is a major current and future threat for
some of these species. Understanding the resources and conditions that permit occupancy and
population viability is necessary for creating effective management, conservation, and habitat
monitoring plans. One major challenge that has limited integration of field-based habitat studies
into large scale monitoring or conservation efforts is that spatial data on critical habitat resources
and structural conditions selected by animals at fine-scales are generally not available across
large spatial extents. Consequently, it is difficult to address important questions (e.g., how much
suitable denning habitat is available?) or effectively monitor changes in habitat quality over time.
Light detection and ranging (LiDAR) is an active remote sensing technology capable of
providing accurate, fine-scale data on topographic and vegetative structure over large areas. Over
the past 20+ years, LiDAR has been used to measure many different topographic and vegetative
characteristics in a variety of different ecosystems across the globe. In some places LiDAR has
been integrated into operational forest management, and LiDAR is increasingly being
incorporated into wildlife-habitat research and management. Specific opportunities for
incorporating LiDAR data into research and conservation efforts for the Martes Complex include
obtaining accurate measurements of critical resources and habitat characteristics; incorporating
accurate spatial data into habitat monitoring programs; and providing the data necessary to
address important research questions. In particular, LiDAR has strong potential to provide useful
information on both landscape composition and landscape configuration, and repeated LiDAR
acquisitions could provide the basis for habitat monitoring programs. Despite strong potential for
enhancing science and conservation, LiDAR technology is not without limitations. Challenges to
using LiDAR data include issues with data availability, quality and cost; short-comings of
common statistical approaches used to measure vegetative characteristics; and limits on the types
of habitat resources that can be measured using LiDAR. We will integrate results from our
ongoing research on LiDAR technology and habitat ecology of fishers and martens with past
literature to highlight these and other opportunities and challenges associated with incorporating
LiDAR into habitat research and management for species in the Martes Complex.
Keywords: habitat, light detection and ranging (LiDAR), Martes Complex
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Novel tools to identify “important” rest structures used by martens and fishers
Katie M. Moriarty1, Bruce Hollen2, Matthew S. Delheimer1, Caylen Cummins3, and Dalton
Hance4
1

USDA Forest Service, Pacific Northwest Research Station, 3200 SW Jefferson Way, Corvallis, Oregon 97330,
USA. Email: ktmoriarty22@gmail.com.
2
USDI Bureau of Land Management, Oregon and Washington, 1220 SW 3 rd Ave, Portland, Oregon 97204, USA.
3
Oak Ridge Institute for Science and Education, Pacific Northwest Research Station, 2795 Anderson Ave #25,
Klamath Falls, Oregon, 97603, USA.
4
USDI Geological Survey, Western Fisheries Research Center, Columbia River Research Laboratory, 5501 CookUnderwood Road, Cook, Washington, 98605, USA.

Fishers (Pekania pennanti) and Pacific martens (Martes caurina) require woody structures such
as live trees, snags, and logs for daily resting activities. Both species use rest structures that are
often large in diameter, with decadent features such as cavities. Such structures may be rare on
many landscapes. If these structures are rare, we predicted that re-use (i.e., repeated visits to the
same structure) should occur frequently; however, previous studies indicated that re-use rates
were low (<20%) based on VHF telemetry. We designed two studies to quantify structure re-use
by combining VHF telemetry and remote cameras for surveillance. Our goal was to identify
structures with increased “importance” that could be targeted for retention. We also tested
whether GPS data could better identify such structures, providing a tool for future management
direction. First, we located 242 unique rest structures for 19 martens via VHF telemetry. We
monitored 123 structures (51%) for 3-12 months with remote cameras. Martens were identified
near the structure and using the rest microsite at 98% and 79% of the sites, respectively. This
provided evidence that previous estimates of rest structure re-use via VHF telemetry were
underestimated. To build on these results, we similarly identified rest structures used by fishers
with VHF telemetry and monitored locations with remote cameras. In addition, we used a novel
clustering technique which transformed fine-scale GPS location data (15 minute interval) into
predicted rest areas using a clustering algorithm and a Hidden Markov model. From >50,000
accurate GPS locations (n=10 fishers, 79±61 day periods, 𝑥̅ ± SD) we identified 566 predicted
rest areas that likely included the rest structure. This was >5 times the known rest structures
acquired through 3 years of ground-based VHF monitoring, suggesting promise as a new tool.
We validated our model-based inference by both identifying resting structures with VHF
telemetry and by randomly selecting presumed rest areas and deploying remote cameras. Re-use
estimates from GPS data and predicted rest areas were 46%, and remote cameras documented
>75% fisher re-use at monitored rest areas. In conclusion, both martens and fishers frequently reused a variety of structure types. Approximately 20% of all structures were re-used on >5
occasions, or were used by multiple individuals. We suggest these structures may be more
biologically “important”, and could be prioritized for determining leave areas during forest
management. We are currently collecting vegetation information to assess whether such
structures or locations can be accurately identified without telemetry.
Keywords: GPS, Hidden Markov model, Martes caurina, movement, Pekania pennani, rest
structure
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Use of non-invasive techniques to estimate pine marten population size in the Fleet Basin,
South-west Scotland, UK
Johnny Birks1, John Martin2, Lizzie Croose3, Gareth Ventress4, Catherine O’Reilly5, and Peter
Turner5
1

Swift Ecology, Fartown Barn, Pensax, Abberley WR6 6AE UK. Email: johnny.birks@swiftecology.co.uk
Myotismart, Horncop Bungalow, Heversham, Milnthorpe LA7 7EB UK.
3
The Vincent Wildlife Trust, 3 & 4 Bronsil Courtyard, Eastnor, Ledbury HR8 1EP UK.
4
Forest Enterprise Scotland, Creebridge, Newton Stewart DG8 6AJ UK.
5
Waterford Institute of Technology, Cork Road, Waterford, Republic of Ireland.
2

We used genetic analyses of tissue samples from faeces and hair tubes to identify genotypes of
pine martens present in the Fleet Basin, a 10,000 ha section of Galloway Forest Park in the
south-west of Scotland, UK. We undertook two population estimates: in 2014 we compared the
effectiveness of two non-invasive techniques (hair and faeces) and published the results in a
paper titled Sample diversity adds value to non-invasive genetic assessment of a pine marten
(Martes martes) population in Galloway Forest southwest Scotland (Croose et al. 2015); in
2017 we repeated the 2014 population assessment and compared the efficacy of live capture and
non-invasive sampling for determining pine marten population size. This presentation gives
preliminary results from the 2017 study, which revealed that each of the three detection methods
failed to identify some of the 30 individuals known to be present.
Keywords: non-invasive, DNA analysis, population estimate, pine marten, Martes martes
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Den boxes as a tool for pine marten (Martes martes) conservation and population
monitoring in a commercial forest in Scotland
John Martin¹, Elizabeth Croose², Johnny D.S. Birks³, and Gareth Ventress4
1

Myotismart Ltd, Horncop Bungalow, Heversham, Milnthorpe, Cumbria, LA7 7EB, UK.
Email: myotismart@ic24.net
2
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3
Swift Ecology Ltd, Fartown Barn, Pensax, Abberley, Worcs WR6 6AE, UK.
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Forest Enterprise Scotland, Galloway Forest District Office, Creebridge, Newton Stewart
DG8 6AJ, UK.

Artificial arboreal den boxes have been deployed in Galloway Forest, Scotland for fifteen years.
Den boxes of two designs provide secure sites for breeding female pine martens (Martes martes)
in the spring and refuges throughout the year for both sexes. Fifty den boxes of the original
Vincent Wildlife Trust design are located throughout the 373 square miles of predominantly
commercial conifer forest; fifty boxes of the second design - the Galloway Lite - have been in
situ since September 2014 in the Fleet Basin, a discreet area of 39 square miles. The latter den
box type was designed to be deployed on younger trees with a smaller trunk diameter. Den boxes
are checked annually in May to assess breeding success and at other times infrequently to
determine over-wintering use and to gather hair samples. Cumulative box occupancy rates now
exceed 80%. Overall, the positive results have proved the boxes’ worth, have contributed to
understanding the management of the protected species and developing a national management
plan by the forest owner, Forest Enterprise Scotland - the agency responsible for
managing the National Forest Estate.
Keywords: Pine Marten, Martes martes, den boxes, commercial forestry
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GPS/satellite collars for fishers
Marianne Cheveau1 and Chris Lusko2
1

Ministère des Forêts, de la Faune et des Parcs, Direction de l’expertise sur la faune terrestre, l’herpétofaune et
l’avifaune, 880 chemin Ste Foy, Québec, Qc, Canada G1S 4X4. Email: marianne.cheveau@mffp.gouv.qc.ca;
2
Telonics Inc., 932 E Impala avenue, Mesa, AZ, USA 85204.

According to their important sexual dimorphism, we tested two new Telonics GPS/satellite
collars for fishers (Pekania pennanti). The first one (TGW-4177-4) is a 120-g Iridium collar
suitable for males and largest females. The second one (TGW-4065-4) is a 95-g Globalstar collar
for the smallest females. During summer 2017, we installed test collars in different habitats
(hardwood, mixedwood and coniferous forests, plantation, mature and young forests, open areas)
and potential fisher rest sites (under a rock, a fallen log, a stump, a cabin, in the forest floor) to
evaluate success for GPS location and satellite transmission. GPS location success was excellent
for the 2 collar models when they were installed in the forest floor (>96% success). However, it
decreased when located in potential fisher rest sites (Globalstar: 2-85%, Iridium: 5-61%).
Satellite transmission success (for first attempt) was quite low when installed in the forest floor
(5-30%) and decrease when in potential rest sites (2-15%). We installed 4 Iridium collars on wild
fishers. Mean GPS fix success was 47% [36-59%] and transmission success was 100% but after
a mean of 9 [1-32] attempts.
Keywords: Pekania pennanti, radiocollars, GPS, Iridium, Globalstar
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Discovery of wolverine den in southern Washington Cascades using noninvasive techniques
Jocelyn Akins
Research director, Cascades Carnivore Project. Email: cascadescarnivore@gmail.com

We documented the first reproductive female wolverine in Washington’s southern Cascade
Range in over 50 years. We also located a reproductive den after a lactating female visited
runpole survey stations in late spring. In addition, photographs and video from remote cameras
documented two kits and a male in this remote montane habitat. Wolverines were first detected
southern Washington in 2006 and 5 individuals have now been detected outside their previously
known distribution in Washington.
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KEYNOTE PRESENTATION
Martes Complex: Similar ecological needs and common conservation strategies
Gilbert Proulx1 and Keith B. Aubry2
1

Alpha Wildlife Research & Management Ltd., 229 Lilac Terrace, Sherwood Park, Alberta, T8H 1W8, Canada.
Email: gproulx@alphawildlife.ca
2
US Forest Service, Pacific Northwest Research Station, 3625 93 rd Ave., SW, Olympia, WA 98512, USA.

In our recent review of shared life-history traits and conservation challenges among the genera
Martes, Pekania, Gulo, and Eira (the Martes Complex), we identified many ecological
similarities that can help guide the development of multi-species habitat, population, and socioeconomic management strategies. In this presentation, we identify potential strategies that can
address common concerns for the conservation of this species group in the face of increasing
habitat loss and fragmentation, climate change, and other challenges to the sustainability of their
populations and the maintenance of their genetic diversity. Mesocarnivores, including all
members of the Martes Complex, play essential ecological roles that should be recognized in
multi-species management efforts, and promoted in public education programs.
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The effects of fuels treatments, wildfire, and post-fire salvage logging on fishers and a
carnivore community
David S. Green1, Sean M. Matthews1, and Roger A. Powell2
1

Institute for Natural Resources, Oregon State University, Portland, OR, USA. Emails:
David.Green@oregonstate.edu; Sean.Matthews@oregonstate.edu
2
Department of Applied Ecology, North Carolina State University, Raleigh, NC, USA. Email: rpowell@ncsu.edu

Sustainable forest management practices seek to conserve ecosystem services while also
ensuring a productive timber industry. Although not currently listed as threatened or endangered
by USFWS, the fisher remains a species of conservation and management concern in the Pacific
States and is a member of multiple carnivore guilds. Previous research indicates that short- and
long-term tradeoffs exist between fuels-management activities and fisher persistence on managed
landscapes. Reducing uncharacteristically high fuel loads may decrease the chances for a
wildfire that would have long-term, negative impacts on habitat for fishers but, in contrast, fuels
treatments reduce short-term habitat suitability for fishers. Furthermore, post-fire salvage logging
is widely used but its effects on fishers and other carnivores are unknown, though possibly
negative. We are studying the short- and long-term effects of fuels treatments, wildfires, and
post-fire salvage logging on a carnivore community in the Klamath-Siskiyou Ecoregion of
northern California and southern Oregon, USA. Our results elucidate how wildfires and
management activities influence carnivore communities on fire-prone landscapes.
Keywords: fuels-management, Pekania pennanti, post-fire salvage logging, timber, Urocyon
cinereoargenteus, wildfire
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Integrating science and management for American marten conservation in New York State
Timothy M. Watson1 and Paul G. Jensen2
1

New York State Department of Environmental Conservation, Division of Fish & Wildlife, 232 Golf Course Road,
Warrensburg, New York, 12885, USA. Email: timothy.watson@dec.ny.gov
2
New York State Department of Environmental Conservation, Division of Fish & Wildlife, 1115 State Route 86, Ray
Brook, New York, 12977, USA.

American martens (Martes americana) are a highly-valued furbearer species in northern New
York State, with several hundred trappers targeting this species annually under a regulated
trapping permit system. This population occurs within high-quality northern mixed hardwood
forests that are well-protected within Adirondack Park; however, it also occurs at the southern
extent of marten range in the northeastern U.S. and is geographically-isolated from other
populations in Canada and New England, presenting unique management challenges and
concerns for long-term population persistence in a changing climate. Here, we describe our
approach to managing this marten population, which integrates harvest management and
research. Key to this approach is a well-defined harvest monitoring program, which has enabled
us to collect spatially-explicit biological and trapping effort data. These data have yielded
considerable insights on resource selection, spatial patterns of the age structure, and influential
bottom-up (e.g., mast pulses) and top-down (e.g., intraguild interactions) drivers of this
population. In turn, our resource selection models have guided survey efforts that are providing
data for occupancy and abundance estimation. These data will be used for population modeling,
evaluation of current and alternative harvest strategies, and the design of a long-term monitoring
program that will include harvest-independent and harvest-dependent components. Ultimately,
this monitoring program will provide the science that supports harvest management and
regulatory changes and empirical data for testing hypotheses on this unique population.
Keywords: Adirondack Park, furbearer trapping, harvest management, Martes americana,
monitoring
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Managing a state-listed species: It’s not as easy as you would think.
James E. Woodford1, Jonathan Gilbert2, and Dan Eklund3
1
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American martens (Martes americana) were extirpated from the state of Wisconsin by the early
1920’s due to unregulated harvest and habitat destruction. Efforts to return martens to the state
began in 1953-1956 with a small reintroduction project on Stockton Island in Lake Superior. The
state of Wisconsin enacted endangered and threatened species laws in 1972, and American
martens were immediately listed as state-endangered. Since listing, numerous population
reintroductions and augmentations have occurred during the 1970s, 1980s, and 2000’s with the
goal of establishing at least two sustainable populations within the state. To guide management
of the species, recovery and conservation plans were developed in 1986 and 2012, respectively.
The recovery plan was of limited value but the more comprehensive conservation plan, which
provides priorities for habitat and species management, research needs, as well as, reasonable
criteria for de-listing has been more useful. Arguably most important to marten conservation
efforts in Wisconsin has been the integration of key partners and stakeholders in our
conservation strategies, and having a clear understanding of their roles and responsibilities. In
this presentation, we will provide details and evaluate the many strategies and tools that are or
have been used for managing martens. Topics covered will include population monitoring,
translocations, trapping refugia, habitat guidance, movement corridors, prey, legal protections,
and outreach. In addition, we will summarize results from many of the monitoring and research
projects that have occurred to provide the current distribution, abundance, and viability forecast
for martens in Wisconsin.
Keywords: American marten, management, status, Wisconsin, conservation strategies
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Identifying functional populations of fishers and wolverines for conservation and
management
Richard D. Weir1, William L. Harrower2, Kristine L. Pilgrim3, and Michael K. Schwartz3
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3
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Fishers (Pekania pennanti) and wolverines (Gulo gulo) are wide-ranging, valuable furbearers of
conservation concern in British Columbia, Canada that occur at low densities that preclude
management of populations by individual trappers. Information on the structure and extent of
populations is needed to ensure that harvests are biologically sustainable. We used information
from mitochondrial and nuclear DNA of 553 fishers and 241 wolverines collected from
throughout British Columbia from 1995 to 2017 to examine genetic structure and diversity for
each species. We used assignment tests to evaluate the extent of population structure, identify
population clusters and delineate functional populations. We identified considerable population
structure in both fishers and wolverines in British Columbia. Microsatellite data suggests up to 9
populations of fisher in the province. Wolverines showed less structure especially in northern
British Columbia, but cluster analysis still suggested up to 4 functional populations occurring in
the province. This new information will help trappers better understand the scope and scale of
the populations of fishers and wolverines from which they harvest, and provide data needed by
management agencies to identify population units, evaluate the spatial distribution of threats, and
better assess the viability of each species in the province.
Keywords: fisher, Pekania pennanti, wolverine, Gulo gulo, population genetics, population,
management, conservation, British Columbia
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Who is using YOUR science? Targeting decision-makers to conserve fisher habitat across
British Columbia
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Forest management has the single largest anthropogenic effect on the sustainability of fisher
populations in British Columbia (BC), Canada. Many opportunities exist during all phases of
forest management to incorporate decisions that may reduce the negative effects of this activity
on the supply of habitat for fishers. Initiated in 2009, the BC Fisher Habitat Extension Program
provides tools and training developed to specifically address decisions made by various “Habitat
Influencers” who affect the supply of fisher habitat. Program biologists converted the best
available science from 25 years of research into user-specific products with a goal of achieving
better-informed management decisions. We have provided training to forest licensees and
contractors across more than 60% of the range of fishers in BC, targeting the 10 Natural
Resource Districts that account for a majority of provincial timber production. Three of these
districts now require relevant decision-makers to show evidence of how they intend to achieve
fisher habitat targets as identified in the BC Fisher and Forestry Web Module
(www.bcfisherhabitat.ca).
Keywords: fisher, Pekania pennanti, extension, decision-maker, best management practices,
British Columbia
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Preliminary results on employing GPS collars to assess fisher (Pekania pennanti) habitat
use following drought-induced tree mortality in the southern Sierra Nevada
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In recent years, drought conditions followed by widespread beetle outbreaks have led to an
unprecedented level of tree mortality in the southern Sierra Nevada. Tree mortality, particularly
of ponderosa pine (Pinus ponderosa) and sugar pine (Pinus lambertiana), has been extensive in
areas known to be occupied by fishers (Pekania pennanti), but the impacts to this species and its
habitat have not been quantified. To help assess changes to fisher habitat and fisher use of
forested landscapes with varying levels of tree mortality, we generated tree mortality maps for
the Kings River study area in the Sierra National Forest where fishers have been monitored using
radio-telemetry prior to (2007-2014) and during (2015-2018) the tree mortality event. Digital
data layers were created for each year of the tree mortality event at a 5-meter spatial scale using
satellite imagery, with habitat categorized into 5 classes: bare ground, live forest, tree mortality,
shrub, and wet meadow. We present preliminary analyses exploring 1) changes to habitat used
by fishers prior to 2015 and 2) habitat use relative to availability at a fine scale during the years
of tree mortality. We discuss future efforts to assess fisher response to this extreme event and
implications for conservation of fishers and fisher habitat in the southern Sierra Nevada.
Keywords: fisher, habitat, Pekania pennanti, tree mortality
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Discovery of a state-endangered American marten (Martes americana) population in the
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American marten (Martes americana) are Wisconsin’s only state-endangered mammal and clan
animal for the Ojibwe tribes of the region. Martes americana were extirpated from the state in
the 1920’s. Reintroductions of marten were conducted by the Wisconsin Department of Natural
Resources on the Apostle Islands National Lakeshore in the 1950’s; however, those
reintroduction efforts were considered failures. The last confirmed sighting of M. americana in
the island archipelago occurred in 1969. Since then efforts to reintroduce M. americana in other
areas of the state of Wisconsin were successful in establishing breeding populations of M.
americana within the Chequamegon-Nicolet National Forest. Yet, M. americana remained
undetected in the island system until 2010 when the Red Cliff Band of Lake Superior Chippewa
confirmed the presence of M. americana along the lakeshore. Shortly thereafter, a visitor
captured a photo of a M. americana on Manitou Island of the archipelago in 2014. Camera traps
installed as part of a carnivore monitoring project confirmed the presence of M. americana on
Stockton Island in 2015. Initial reports of M. americana presence in the island were shared on
social media and in the popular press leading to additional discoveries and increased visitor
reports. In 2015, a photo taken by an interpretive park ranger on Stockton Island in 2010 was
rediscovered, initially being misidentified as a fisher (Pekania pennanti) – backdating the known
presence of M. americana in the archipelago to 2010. Since then, scat collection, genetic
analysis, camera trap photos, and visitor reports led to the confirmation of M. americana
throughout the Apostle Islands archipelago. We have confirmed the presence of M. americana
on Bear, Cat, Manitou, Otter, Outer, Rocky, and Stockton Islands. Camera traps and scat
collected on the remaining islands (excluding Long and Gull; including Madeline) have failed to
detect the presence of M. americana. The collaborative nature of this research and the
importance of social media and visitor reports in discovering the presence of M. americana in the
archipelago for the first time in more than 40 years are not the only highlights of this research.
Our findings have also generated additional questions. What are the genetic origins of M.
americana within the Apostle Islands archipelago? Do differences in prey community
composition and habitat structure exist between the islands and the mainland? Does carnivore
community composition influence marten presence and abundance within the archipelago?
Collaborative work is currently exploring these interesting questions.
Keywords: Apostle Islands National Lakeshore, camera traps, Martes americana, social media
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The population biology of the Martes complex is closely associated with prey availability and
forest structure. In the Sierra Nevadas of California, Fisher (Pekania pennanti) and Pacific
marten (Martes caurina) – two species of regional conservation concern – are associated with
late-successional mixed forests. Across this region, however, a high severity, multi-year (20122015) drought, coupled with bark-beetle outbreaks, has resulted in widespread tree mortality that
has dramatically altered the composition of these forests. Such shifts in primary producer
communities can have cascading effects on multiple higher trophic levels, including these two
carnivore species. Herein, I will discuss how samples collected from fishers and martens from
2005-2018 will enable the analysis of stable isotope ratios to explore potential shifts in dietary
composition, niche dynamics, and competitive overlap within this guild in response to this tree
mortality. Through this research, I hope to explore the capacity of these species to adjust their
foraging strategies in the face of increasingly warmer and drier montane environments.
Keywords: Stable isotopes, tree mortality, Pekania pennanti, Martes caurina, Sierra Nevada
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From 2012-2015 California experienced an extreme drought, unprecedented in severity and
duration in the last 1200 years. As a result of this drought, the U.S. Forest Service recently
estimated there are >100 million dead trees in California, with the majority located in the central
and southern Sierra Nevada. This represents a major disturbance event that profoundly affects
biological communities, yet few studies have evaluated the response of forest-dependent wildlife
to a severe and extensive tree mortality event. The need to understand the effects of this droughtrelated tree mortality is particularly acute for the southern Sierra Nevada fisher (Pekania
pennanti) population, which has been identified to be at risk from multiple threats including
small population size, isolation, low genetic diversity, wildfire risk, and toxicant poisoning, and
whose distribution and elevation range overlaps extensively with the areas of highest tree
mortality in the state. The U.S. Forest Service’s Sierra Nevada carnivore monitoring program has
been conducting systematic surveys across ~ 12,240 km2 throughout the southern Sierra Nevada
annually since 2002. This program uses track plates, remotely sensed cameras, and hair snares to
determine species presence and to identify individuals. While the sampling frame has been
designed specifically to detect change in occupancy in fisher, data has been collected for all other
mammal species detectable at the survey stations such as marten (Martes caurina), ringtail
(Bassariscus astutus), and gray fox (Urocyon cinereoargenteus). As the carnivore monitoring
locations extensively overlap areas of high tree mortality in the southern Sierra Nevada, this
long-term data set provides a unique opportunity to investigate the effects of tree mortality on
mammalian species at a landscape scale. We are using dynamic occupancy models and spatial
capture recapture (SCR) to understand how occupancy rates and density have changed over time
for fisher and associated species particularly before and after the drought and tree mortality event
occurred. We will present preliminary results of multi-species occupancy analyses from 20022017 and the progress of ongoing work on SCR analysis of the response of fisher and marten to
this large scale tree mortality event.
Keywords: fisher, carnivore, tree-morality, drought, occupancy, spatial capture-recapture
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Current status and management of the wolverine (Gulo gulo) in Ontario, Canada
F. Neil Dawson
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Wolverines are currently listed as a Threatened species in Ontario. Historically wolverines were
found throughout the province, however their range receded fairly rapidly during the mid- to
late-1800’s apparently due to increasing human settlement, logging, railroad construction and a
general decline in large ungulate populations. By 1950, occupied wolverine range was essentially
restricted to the area north of the Canadian National Railway line. From 1950 to the mid-1970s
wolverine range continued to recede and were found primarily in the northern portion of
northwestern Ontario. Reoccupation of former range began in the late 1970s and movement
eastward has continued to the present and will be discussed. Wolverines were trapped as
furbearers until 2009, although non-indigenous trappers had a zero quota beginning in 2001.
Annual harvests were generally less than 15 animals per year. Since 2009, documented
incidental catch of wolverines has averaged 6 annually (range 2 – 14). Vehicle (16) and train (2)
mortality have been documented since 1990. Wolverine ecology research and investigation of
broad scale monitoring techniques began in 2003. The importance of strong collaboration and
long-term support from non-government organizations in this regard will be discussed. A
recovery strategy was submitted in November, 2013 and a government response statement
released in December, 2016. Current research and monitoring activities will be discussed.
Continuing threats to existing populations include incidental trapping mortality and increasing
resource development and extraction activities within current range.
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Two of the most common motivations for translocating organism are the establishment of new
populations and expansion of the geographic ranges of those populations. Expansion of
translocated populations can be difficult to track because there are often insufficient resources or
populations are not tracked for long enough periods. When fishers (Pekania pennanti) were
reintroduced onto private timber lands in the northern Sierra Nevada in 2009, two prominent
hypotheses surfaced: 1) fishers would expand into adjacent United States Forest Service lands
because they contained better habitat or 2) high philopatry of female fishers would cause the
insipient population to remain near their release sites. Following translocation, some fishers did
explore as much as 50 km away from their release sites, but most remained or returned to the
areas near where they were initially released. As the reintroduced population grew, new fishers
were potentially moving into adjacent areas that were owned by both private and public
agencies, but were not being followed through telemetry. Concurrent with the fisher
reintroduction, biologists from nearby agencies and ownerships were conducting surveys for
mesocarnivores including fishers. We used data from 700 camera stations provided by these
private and public entities to examine the expansion fishers from the release area. Early surveys
confirm that fishers were not present in the release area prior to reintroduction. As of early 2018,
fishers were detected through cameras as much as 40 km away from the release area. Our
examination of photos indicates that >90% of detected fishers appear to be males. No fishers
have yet been detected beyond 60 km away from the release area. Fisher detections appears to be
biased toward the north and east of their release sites and into areas that we estimate have low
quality habitat. High quality habitat is apparently available to the south, but may be inaccessible
to fishers because of large expanses that were burned by forest fires within the last 15 years and
deep, steep canyons that may be inhibiting dispersal. Comparing records of fisher detections
from prior to the reintroduction with telemetry and current detections indicate that reintroduced
male fishers may have expanded north to the southern edge of the pre-existing range of native,
extant fishers. The general absence of female fishers suggests that while fishers are now more
geographically dispersed than they were immediately after reintroduction, the effective
population is largely restricted to the areas where they were released.
Keyword: Collaboration, dispersal, expansion, fisher, habitat quality, reintroduction
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Motion triggered trail cameras are an increasingly popular tool for wildlife research, particularly
for elusive species such as the Martes group. As with all survey techniques, it is crucial to
conduct camera trapping research following careful study designs that include adequate spatial
replicates, each with sufficient probabilities of detecting species of interest. Variables that may
increase the probability of detection for a species, given its presence, include the use of bait or
lure at a site, the length of time deployed, and the number of camera units set within a single
survey location. However, the number of camera units used, and in what spatial arrangement, is
an understudied consideration that could have a substantial impact on detection success. Our
objective was to test the role that camera number (one, two or three units), and spacing along a
linear transect (100 m or 150 m), have on the probability of detection. From January to March,
2017, we surveyed for six mammal species in Maine, USA including fisher (Pekania pennanti),
American marten (Martes americana), and short-tailed weasel (Mustela erminea). We used
multi-method occupancy modelling to compare the detection histories between different
configurations of cameras at 32 survey stations. Across all species, we found substantial
increases in detection success resulted by increasing the number of cameras from one unit to two
(22 to 78 percent increase), regardless of the spacing between units, and a smaller increase by
going from two to three units (7 to 51 percent increase). The influence of survey station features
(road type, distance to road, and study area) also varied by species, with both marten and fisher
showing increasing detection success with increasing distance to nearest road. As trail camera
units become more affordable, the use of multiple units within a survey station is a cost effective
approach to maximizing detection and minimizing overall survey expense. Accessing survey
locations typically incurs considerable expense in time and travel, while the effort to deploy
additional camera units at that location may be relatively small. Because issues with batteries,
settings, or hardware, and with poor site placement, can result in data loss from a single unit,
deploying additional units mitigates the risk of an entirely failed station. We suggest that using a
transect of two or three camera units at a survey location is a cost effective approach to increase
detection success over a single camera unit.
Keywords: Camera traps, Martes americana, Mustela erminea, Pekania pennanti, study design
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Fishers (Pekania pennanti) are a threatened mesocarnivore in the Sierra Nevada Mountains of
California that prefer dense late-successional forest. Their numbers have been declining for
many years due to trapping, habitat fragmentation, development, and climate change possibly
causing increased stress to the population. Cortisol is a glucocorticoid hormone released to
mobilize energy in response to stress and has been used as an indication of an individual’s
physiological response to its environment. By collecting samples of fisher hair and measuring an
individual’s cortisol level, we examined the physiological stress response of the animals to
human disturbances and metrics of climate change in their home ranges in the central Sierra
Nevada Mountains, California. We examined the influence of disturbance through
anthropogenic modification to the landscape by determining metrics of housing density, road
density, habitat type, and silvicultural treatments. We also examined the relationship between
climate change and cortisol through measures of tree mortality and ground temperature within an
individual fisher’s home range. We examined how these various metrics of human disturbances
and climate change within a fisher home range (at 30, 60, and 95% isopleths) influenced levels
of cortisol for each individual fisher. Using model selection, we found that levels of tree
mortality within a fisher’s home range significantly influenced cortisol levels across all 3 home
range estimators. Various human disturbances had a smaller effect on cortisol levels. With the
recent drought and subsequent tree mortality being >80% in some areas of our study, cortisol
levels could continue to increase, potentially leading to decreased fitness within this fisher
population. Furthermore, continued tree mortality may lead to a decrease of late-successional
forests that are preferred by fishers in the core of their territories.
Keywords: fisher, cortisol, stress, home range, Pekania pennanti, disturbance
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In a previous study (Mergey et al. 2017), we found that navigation canals and a large cereal
plain could limit the European pine marten (Martes martes) gene flow. To improve our
understanding of these results, we monitored movement behaviors of pine martens confronted
to both landscape elements using GPS collars. The study site is situated in northeastern
France. About the cereal plain, contrary to what we could expect, pine martens have shown
significant capacity to cross open habitats, moving over a distance of more than 3km without
relying on a forest element. We observed this movement pattern mainly in females and in most
of them. These also exhibited erratic behavior, exploring unusually large areas, not established in
any home ranges at least until the end of the monitoring. With regard to the navigation channels,
we observed that the pine martens were able to cross these elements. However, when comparing
river and canal crossings, it may be thought that the latter still represents an obstacle. Indeed,
pine martens easily crossed rivers, on many occasions and in many sites, even in harsh
conditions, full winter, outdoor temperatures of -10°C and fast water flow. On the other hand, the
channels were little crossed and in very specific sites. These are unexpected results given the
findings of the analysis of spatial genetic structure of pine marten populations. We are
wondering about the effectiveness of such behaviors. Since most of the individuals were not
established and we could not follow them until they settled, it is difficult to know if the cereal
plain has really been successfully crossed. During this monitoring, we also observed a risk of
associated mortality quite important: trapping, traffic collision. These results are to be
strengthened but from now on, allowed us to refine our knowledge of pine martens’ movement
behavior in an unfavorable environment.
Keywords: Martes, low-quality habitat, movement behavior, GPS
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Pine martens became rare in Wales during the early 20th century but were still present in very
low numbers. However, in recent years the population showed no signs of recovery from its
historical decline and was likely on the verge of extinction. In autumn 2015, following a
feasibility study and lengthy period of groundwork, conservation translocations began as part of
the Vincent Wildlife Trust’s Pine Marten Recovery Project. Between September and November,
the first 20 pine martens were translocated from Scotland to mid-Wales. A year later, a further 19
were released in the same area followed by 12 more in autumn 2017. All of the animals have
been radio-tracked for up to 12 months after release to monitor their welfare, movements and
ranging behaviour. Translocations are essentially exercises in forced dispersal and in many (even
relatively asocial) species, dispersers rely on the presence of conspecifics to assess habitat
suitability. However, translocated individuals invariably face an environment with no, or very
few, conspecifics. Therefore they may not settle in suitable habitat at the release site, choosing
instead to disperse to another area in search of conspecifics. Pine martens released in 2015, into
“empty” habitat, initially made some relatively long distance exploratory movements before
tracking back to the release area. It took approximately four months before they established
recognisably stable home ranges. However, those released in the second year, when there were
conspecifics present, settled much more quickly and established territories within about two
months of being released. Mean 90% home range size 4-9 months post-release in year 1 was 20
km2, whilst for the animals released in 2016, the mean 90% home range size 2-5 months postrelease was much smaller at 7.88 km2.
Keywords: Translocation, movement, home range, Martes martes

45

Intersexual variation in the temporal structuring of fisher activity
Nicholas P. McCann1, Patrick A, Zollner2, and Jonathan H. Gilbert3
1

Department of Forestry and Natural Resources, Purdue University, 195 Marsteller Street, West Lafayette, Indiana
47907, USA. Email: mccan062@umn.edu
2
Department of Forestry and Natural Resources, Purdue University, 195 Marsteller Street, West Lafayette, Indiana
47907, USA.
3
Great Lakes Indian Fish and Wildlife Commission. P.O. Box 9, Odanah, Wisconsin 54861, USA.

Multi-temporal-scale (MTS) analysis frameworks reveal whether patterns of animal locomotor
activity (movement) vary by temporal scale. A recent MTS analysis framework showed that
American marten (Martes americana) activity has structure, which resulted in support for the
hierarchy of limiting factors hypothesis (scale of selection reflects importance), cross-scale
consistency (selecting 1 resource across multiple scales), and trade-offs (selecting multiple
resources at 1 scale). Intersexual variation in life histories is known to influence structuring of
space use, but a MTS framework has not explicitly investigated whether females structure
activity differently than males. We hypothesized that the structure of female fisher (Pekania
pennanti) activity would be different than the structure of male activity, and that differences
would reflect different limiting factors. Activity data from fishers fitted with transmitter collars
and a MTS analysis framework with 2 scales (day and decision) revealed that fisher activity
differed between scales and that the structure of female activity was different than the structure
of male activity. Our results supported the prey availability, mortality risk, and thermal
conservation hypotheses of animal activity at the day scale for both sexes. Support at the
decision scale was found for the mortality risk hypothesis only for males (which suffer higher
mortality), while support was found for the thermal conservation hypothesis for females (which
are sensitive to cold) at the decision scale. Fisher activity supported the hierarchy of limiting
factors hypothesis only for females, but both sexes exhibited cross-scale consistency and tradeoffs. Our results indicate that assessing influences of sex in a MTS framework improves
understanding of the relationship between activity patterns and biological fitness.
Keywords: Hierarchy of limiting factors hypothesis, fisher, intersexual variation, locomotor
activity, Pekania pennanti, temporal scale
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Although conservation translocations are increasingly being used to reinforce or re-establish
threatened species, the majority of translocations are ultimately unsuccessful. Two factors that
may compromise the outcome of translocations but have been largely overlooked, are the stress
response and individual personality of the animals involved. The Vincent Wildlife Trust’s Pine
Marten Recovery Project provided the opportunity to study these factors in 19 pine martens
translocated from Scotland to Wales. Results suggest that there is marked variability in both
these traits between individual pine martens. This variability has been quantified from
observations and sampling during the translocation process, and was significantly associated
with dispersal and post-release movements of the martens. We discuss the implications for future
translocation attempts.
Keywords: personality, stress, translocation, reintroduction, pine marten, Martes martes
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Yellow-throated marten (Martes flavigula) is middle-sized carnivore species of the Mustelinae
sub-family. It is a protected species in South Korea. Understanding its activity patterns in
relation to abiotic factors helps biologists to develop effective conservation strategies. We used
camera traps to monitor its activity in the temperate forest in the Korean Peninsula for 3
consecutive years. We also documented the activity patterns of a Siberian chipmunk (Tamias
sibiricus), Red squirrel (Sciurus vulgaris) and Rodents, the primary prey of the yellow-throated
marten. We obtained 1.2 camera trap photos per 100days. According to the camera trap photos,
yellow-throated martens were diurnal even though most Martes is nocturnal or crepuscular. In
addition, they showed two diurnal activity peaks, at the beginning (0800 h) and the end (1700 h)
of the day, and a weak peak of activity at mid-day. Although activity patterns were not
significantly different between seasons, the proportions of lunar illumination were positively
associated with the amount of nocturnal activity. The camera traps further showed that Siberian
chipmunk and red squirrel were mainly diurnal, whereas rodents were strongly nocturnal. That
is, there was a high overlap between the activity patterns of martens with a Siberian chipmunk
and red squirrel. The diurnal pattern of the martens also implies the overlap with human
activities in the protected areas. For the effective conservation of yellow-throated martens,
restriction of human activities, including limiting the visiting numbers during the day, in the
protected areas can be considered.
Keywords: activity overlap, camera trapping, diurnal, lunarphilia, temperate forest
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Many species of wildlife rely on unique features of trees during daily activities and fundamental
parts of their life cycle; some elements of the greatest value to forest-dwelling wildlife take long
periods of time and multiple ecological processes to develop. The fisher (Pekania pennanti) is an
arboreal carnivore of conservation concern in western North America that uses forest structures
with specific features (e.g., tree cavities) as refuges during reproduction and daily resting bouts;
prior to this study, little was known about the habitat associated with reproduction at the
southernmost extent of the fisher’s range which is warmer and more xeric than boreal parts of
this species’ range. We documented fisher use of microsites and structures for reproduction in
the southern Sierra Nevada, and characterized habitat selection by reproductive female fishers at
3 spatial scales. Between 2007 and 2015, we attached radio-collars to 72 female fishers and
monitored female fishers over 8 reproductive seasons. We confirmed 45 females at dens during ≥
1 reproductive season and we located 95 natal dens (83 structures) and 206 maternal dens (192
structures). At the microsite scale, reproductive females used tree cavities almost exclusively as
natal (100.0%) and maternal den (99.0%) microsites. At the structure scale, denning females
used live hardwoods (51.3%), live conifers (22.5%), and conifer snags (21.3%). For den
structures, females used California black oaks (Quercus kelloggii) most frequently (55.4%),
followed by white fir (Abies concolor) and incense cedar (Calocedrus decurrens). Habitat
selection analysis suggested that large California black oaks, large snags, dense canopy cover,
high stand density index values, and evidence of decay combined with greater slope and lower
elevation predict fisher den habitat at different spatial scales. We contrast characteristics of
microsites and structures used for denning with those used for resting in this region, and explore
the role that tree species and natural processes may play in maintaining (or creating) habitat that
can support fisher reproduction. Conservation of forest suitable for fisher reproduction in the
southern Sierra Nevada would benefit from increased focus on retaining large structures,
especially California black oak, with long-term plans to replace old decadent trees.
Keywords: den, fisher, habitat, Pekania pennanti, reproduction
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Maternal effects during neonate development can mediate the influence of adverse
environmental conditions on the fitness of offspring. Previous research has suggested that
cavities and burrows used for reproduction by cavity-obligate species offer thermoregulatory
benefits, access to prey, and limit predation pressure. Fishers (Pekania pennanti) are secondarycavity-obligate breeders that we hypothesized to select particular characteristics of den cavities at
discrete stages of offspring development to mediate adverse biotic and environmental effects on
their neonates. We located 406 reproductive dens and 154 cavity rest sites used by 65 individual
adult female fishers over 11 reproductive seasons (2005-2016) in northwestern California. We
counted 53 (27F, 26M) kits in 31 litters born to 19 females during 6 den seasons. The weight of
kits varied significantly by sex and by age, whereas the length of kits varied only by age; these
results suggest that adult females were preferentially investing in male kits in this population.
We found that natal and early-maternal dens buffered minimum temperatures significantly more
than late-maternal dens and cavities used during the non-reproductive season. A male fisher skull
was also less likely to fit through the cavity openings of natal dens than through the openings of
cavities used by adult females during the non-reproductive season. Litter survival was
significantly lower at natal dens than at late-maternal dens. The age of adult female fishers did
not affect the probability of litter survival. Our results emphasize the vulnerability of vertebrate
offspring during early-developmental periods, and how cavity-obligate species select cavities to
mediate environmental conditions during reproduction.
Keywords: cavity-obligate, den, fisher, kit, Pekania pennanti, reproduction
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Reproduction is a key aspect of animal ecology, and important to understand in detail for
conservation and management. Reproduction is costly and so timing of parturition and offspring
rearing in relation to resource availability and climate is vital. The wolverine (Gulo gulo) is a
solitary carnivore mainly occurring in low-productive habitats with large seasonal variation in
resource availability. Previously, detailed knowledge of wolverine reproductive ecology has been
scant. Therefore, we monitored 66 adult females for a total of 288 breeding seasons to
investigate denning behavior and determinants of reproductive rates. First, we used location data
from 18 adult GPS-collared females during 32 denning seasons to assess parturition time and
denning behavior, e.g. how often and how far females move between consecutive den sites. We
relate this pattern to offspring development, resource availability and foraging strategies. Peak
parturition time was mid-February (mean = February 15; range: January 29-March 9). Females
generally used natal dens for an extended time (mean = 47 days), and moved infrequently and
short distances between subsequent dens the first 2-2.5 months. This corresponded to the
lactation period when preys are rare, caching and scavenging is important, and snow facilitate
food caching and secure den sites. After weaning, den shifting increased progressively in
frequency and distance, presumably reducing the need to bring food back to the den. This
coincides with increased prey availability as migrating reindeer return to calving grounds. We
suggest that timing of reproduction and denning behavior reflects wolverines’ adaptation to
match parturition and rearing to prevailing resources. Next, we monitored reproductive success
of 53 wolverine females over 205 breeding seasons to assess how different factors interact in
explaining variation in reproductive output. We show that age-related variation in reproduction
was explained by interactions between costs of reproduction, resource availability and age,
which, in turn was driven by four processes: 1) Maturation, independent of resource availability,
2) age-related decline in probability of breeding two years in a row, 3) age-specific reproductive
output influenced by resource availability months preceding parturition, modulating the
probability of breeding 2 years in a row, 4) age-dependent influence of resources on costs of
reproduction, as prime-age females are more responsive to resource availability than those at
other ages. In conclusion, by examining how drivers of reproductive variation interact we can get
a much clearer understanding of the mechanisms responsible for age-related patterns of
reproduction.
Keywords: Gulo gulo, reproduction, denning, resource availability, Sweden
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After legal protection 1969 the Swedish wolverine (Gulo gulo) population increased, from <100
individuals in northern alpine areas, to ~600 individuals. A central issue for Scandiniavan
management is depredation on semi-domestic reindeer, the main prey for wolverines, owned by
indigenous Sámi reindeer-herders. As culling is used to reduce wolverine density in high-conflict
areas, causes and consequences of dispersal and settlement patterns are vital to understand the
influence of management on local and regional densities in this expanding, and still protected,
population. The Swedish wolverine project has been studying wolverine ecology since 1993,
using data from >300 individuals. One long term goal has been to follow all resident females and
their offspring in the core study area. By monitoring all females in 26 territories for ≤22 years we
have assessed territorial fidelity and links between local territorial dynamics and dispersal
patterns. The population is characterized by a stable distribution of resident females with high
territorial fidelity. In 86% of yearly residency status estimates (n=122), the female remained
stationary. In the rest, females left or expanded into a neighboring territory. We documented six
cases of breeding dispersal, likely due to competition for high-quality territories where females
were forced out by competitors, or bequeathed territories to offspring. Fifty-one territories
became available during the study period and 46 were reoccupied. 93% of the replacers were
known (i.e. philopatric daughters, young dispersers or adult females). Reoccupation was faster
when replacers came from the immediate surrounding or if the territory was vacated due to
illegal killing. We monitored 71 young females from independence during dispersal. Most left
the core area, although probability to leave decreased when territory availability increased. The
mother’s destiny was of fundamental importance for female dispersal, as the probability to
establish within the area dramatically increased if the natal territory became available.
Altogether, this suggests that our study population is highly saturated, that a surplus of young
females leave the area but that this is related to survival of established females. Thus, local
harvest may reduce emigration but have limited effect on local density of resident individuals.
Wolverine distribution has expanded considerably the last 15 years, the findings above, and
reproductive studies, suggests that reproductive output and female dispersal is important for
population expansion. Today wolverines occur down to south-central Sweden, without reindeer
and persistent spring snow cover. Here, wolverines feed on moose remains, from hunting or
wolf-kills, and den under boulders. Since 2013, we study wolverines in these southern areas, to
facilitate management and conservation within its entire Scandinavian distribution.
Keywords: Wolverine, space use, territory fidelity, dispersal, conservation, source-sink dynamics
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Fishers (Pekania pennanti) are a species that appears to be susceptible to poisoning from
anticoagulant rodenticides (AR). In California, individuals collected in areas far away from
intensive urban or agricultural development have been reported to have high incidence of liver
residues of these compounds and it is believed that exposure to these compounds has
considerable population implications. To evaluate if ARs were affecting fishers in British
Columbia, Canada, we assayed a sample of 10 fisher livers from collected throughout the
province to evaluate the incidence of ARs in this species. Of 10 fishers tested, 20% (2) contained
AR residues, with two animals exposed to at least one second-generation AR, with one animal
having hepatic residues of 0.528 μg/g w.w. of bromadiolone. This individual was collected from
a heavily converted agricultural landscape in northeastern BC. All other individuals were
collected from traplines in remote areas of the province. The lower incidence of AR in our small
sample suggest that the use of these compounds in areas used by fishers in British Columbia may
be lower and less of a concern for population sustainability than elsewhere in western North
America.
Keywords: fisher, Pekania pennanti, anticoagulant rodenticides, poisoning, British Columbia
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Both bobcats (Lynx rufus) and mountain lions (Puma concolor) have been identified as not only
the top predator of fisher (Pekania pennanti), but the largest limit to population growth in the
southern Sierra Mountains, California. Similarly, bobcat are presumed as the top predator for
martens (Martes caurina). Both fisher and coastal marten have been recently denied for listing
under the federal Endangered Species Act, but these actions are controversial and under
litigation. We explored the possibility as to whether new genetic techniques could provide
evidence of a predation threat to fisher and marten. We used detection dog teams to collect scats
within a survey extending throughout the range of fishers and martens in Oregon. We genetically
verified the defecator using genetic methods, then used metabarcoding to quantify diet for
bobcat, lion, fisher, and marten. We collected >900 scats at 217 sample units. Preliminary
results from a subset of scats analyzed revealed 7% of lion scats contained fisher remains (n=26
lion scats). Preliminary results also identified marten (3%) and fisher (3%) within bobcat scats
(n= 161 scats). Using a new technique, we revealed (1) that coastal martens, while not key prey
of mountain lions and bobcats, may face substantial predation rates when these predators are
abundant, and (2) that marten consumed a high percentage of birds and rare species that are
difficult to detect from other methods, such as arboreal red tree (Arborimus longicaudus) and
white-footed voles (Arborimus albipes). Combining diet data with predicted habitat models may
better guide areas for habitat restoration, alerting biologists to vegetation types or areas of
increased predation risk.
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Over the past decades, there have been many local efforts for monitoring rare carnivores. Yet,
these species persist in populations or meta-populations that extend beyond individual studies or
management units. Although local efforts provide valuable information about species presence,
incorporating such efforts within a biologically-driven and statistically-robust monitoring plan
would expand inference to assess population trends. Prior technology restricted efficient largescale monitoring of mesocarnivores, due to difficulties in detecting species that persist at low
densities and move extensively within large home ranges. We describe a collaborative, multipartner effort to create a comprehensive, scientifically defensible, broad scale, multi-species
mesocarnivore monitoring plan spearheaded by the US Forest Service. We focus our efforts on
wolverines, fishers, martens, montane red fox, and lynx. Our vision is based on flexible survey
methods, executed purposely at multiple scales, with a state-space occupancy modeling
framework which can describe the status and trend of rare carnivores across states and regions.
Focusing on fishers as a case study for other carnivores, we used data from >5,000 camera
stations in California and Oregon to assess survey efficiency (e.g., bait types, heights, distances),
effective survey distance, and inform spatially explicit simulations to assess power for detecting
trend. To further understand the effective survey distance of cameras, a necessary metric to
inform power to detect trend, we paired baited remote cameras in areas with GPS collared
fishers. In general, our results suggest that presence of lure increased likelihood of detection but
changes in bait type (e.g., cat food, chicken) did not have a significant effect. Effective survey
distance for a baited and lured station was smaller than previously thought and was as low as 40m in some areas, and <121-m in areas with >70% canopy cover. Effective survey distances were
found to have a major impact on power to detect trend with simulations showing little capacity to
detect trends at broad spatial scales with effective survey distances <1-km. Preliminary results
suggest monitoring every 2 years instead of annually may increase efficiency while still
providing sufficient statistical power to detect trend. As we develop new information from an
extensive dataset, our monitoring plan will provide managers with broader-scale context in order
to make better informed conservation strategies and decisions, help fulfill legal requirements,
and help ensure the persistence of these rare species by providing predictive spatially-explicit
information to alert biologists to species-level trends.
Keywords: detection distance, remote-cameras, statistical power, survey methods
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American marten (Martes americana) are one of the most valuable and sought-after furbearer
species in Interior Alaska. However, their populations are seldom stable. Population size varies
from year to year as reproduction and mortality vary with fluctuations in food, climate and
harvest. A challenge is to maintain harvestable populations over time in areas where they are
trapped, given their vulnerability to overharvest. During 2007-2017 we collected 11,262 donated
carcasses from trappers in Interior Alaska. We monitored the harvest and collected information
on age distribution, sex ratios, reproduction, diet and recently information on genetics, parasites,
heavy metal contamination, and nutritional indices. We utilized data collected from carcasses to
attempt to forecast juvenile recruitment the following season, expressed as young of the year
(YoY) to adult female (AdF) ratios and percent YoY. Linear regression model forecasting the
ratio YoY:AdF model explained 16% of the variation, with a non-significant goodness of fit that
was similar to the intercept-only model. We used a logistic generalized linear model to predict
the %YoY and the model explained approximately 50% of the variation. We also estimated an
in-season threshold for trappers to monitor that is equivalent to the recommended 3:1 ratio of
YoY:AdF for overharvest. We used adult males (AdM) as the focal groups to monitor instead of
a YoY:AdF. We used inverse prediction and a Poisson regression GLM for monitoring only
AdM harvest numbers which indicated a 36% threshold (psudo-R2 = 70%). Thus, if the %AdM
in the harvest is >36%, there is a higher probability of overharvest to occur for the trapper. Using
these cues, trapping efforts can be restricted when these thresholds are exceeded to reduce the
risk of local overharvest. Marten populations can be easily overharvested where they are
intensively trapped, which can cause reduce the number of marten available to trappers in
subsequent years. Based on this research, trappers may be able to sustainably manage their local
marten populations using data collected on sex and age ratios of animals they trap.
Keywords: forecasting, harvest, management, Martes, trapping, recruitment
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Studies conducted across the range of North American Martes have found a consistent effect of
the loss of mature and late successional forest at the landscape scale leading to declines in the
distribution and abundance of martens. However, the influence of these fragmentation patterns
on the continued persistence and recovery of marten populations depends on how the early
successional forest interacts with both the predator and prey community within each forest
ecosystem. In forests of the Pacific States, evidence is mounting that suggests while forest
fragmentation may initially impact martens through the direct effect of loss of suitable habitat,
the creation of early seral forest may impose additional impacts by indirectly increasing marten
mortality by supporting marten predators. Bobcats (Lynx rufus) have emerged as an important
predator for Pacific martens (M. caurina) in intensively harvested landscape in California and
Oregon. I retrospectively evaluated the role habitat plays in indirectly mediating Humboldt
marten (M. c. humboltensis)-bobcat interactions using multiple lines of evidence. Important
marten prey are associated more with mature/late-seral forests with dense shrub cover (e.g.,
chipmunks, tree squirrels) whereas important bobcat prey (e.g., Neotoma, Silvilagus) are
associated with early seral forests. Humboldt martens select large patches of late seral forest,
serpentine, or dune forest habitat with dense shrub layers. Bobcats select for early seral forest
(<30 years) and are nearly absent in landscapes where early seral habitat is lacking. The core
areas of 4 of the 5 extant Humboldt marten populations have low (<20%) bobcat occupancy.
Where martens and bobcats co-occur and ~25% of landscape was in early seral forest, bobcats
killed 45% of martens monitored over a 2-year period. Where early seral stands increased to
>50% of the landscape over time, marten distribution contracted. This suggests landscape
composition mediates interactions between these species by affecting their distributions,
increasing marten predation when bobcats are present, and reducing marten survival and
distribution in landscapes increasingly composed of younger stands. This effect may persist until
most young stands have exceeded 40 years of age and no longer support bobcat prey and has
important implication for landscape-scale management where marten conservation is a high
priority.
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Between 2007 and 2017, the University of California Berkeley and the US Forest Service,
Pacific Southwest Research Station monitored fisher (Pekania pennanti) survival, habitat use,
reproduction, and response tpo forest management on the Bass Lake Ranger District of the Sierra
National Forest, California. We captured a total of 143 individual fishers (78 females, 65 males).
We collected 77 mortalities during the study; annual survival rates ranged from 0.40 for juvenile
males to 0.76 for adult females. The most common cause of death (58%) was predation by felid
carnivores (bobcats; Lynx rufus, and mountain lions; Puma concolor). Other sources of
mortality included disease, anticoagulant rodenticide poisoning, and vehicle collision. We
evaluated fisher response to management activities based on remote camera surveys and changes
in annual occupancy rates. Population modelling indicated that the population was stable despite
high annual variation in demographic rates.
Keywords: fisher, Pekania pennanti, survival, occupancy
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A minimum level of founder survival is necessary for any translocation to succeed; however,
uncertainty about this minimum level and the factors that affect survival are inherent in most
translocation projects. Despite the substantial history of fisher reintroductions in North America,
there was little information available about the survival of reintroduced fishers to guide us as we
planned fisher recovery efforts in Washington State. From 2008 to 2010, we reintroduced 90
fishers (50F, 40M) from central British Columbia to Olympic National Park on Washington’s
Olympic Peninsula. We released 18, 31, and 41 fishers in 2008-2010, respectively. To evaluate
success and adaptively manage this reintroduction, we monitored the movements, survival, home
range establishment and reproduction of these fishers through radio-telemetry. We evaluated
factors associated with fisher survival, including factors that managers can control to increase the
likelihood of reintroduction success. From December of 2008 to December of 2011, we
attempted to locate radiocollared fishers weekly from the air. We estimated survival rates for
released fishers by sex and age-class using the known-fate analysis in Program MARK. We used
the information-theoretic approach to evaluate associations between survival and release year,
season, sex, age, duration of captivity, weight, release date, and number of intact canines.
Survival of the founders was most strongly associated with release year, season, sex, and age.
There was minimal support for models that associated survival with duration of captivity,
weight, release date and number of intact canines. Survival rates were lowest among fishers
released in year 2 and during the breeding season (March-June). Survival was higher for males
than females, and higher for juveniles than adults. Survival was greatest among juvenile males
(range of annual survival for the 3 release years was 0.65±0.10(SE)-0.94±0.03), followed by
adult males (0.69±0.11-0.91±0.06), juvenile females (0.46±0.13-0.89±0.06) and adult females
(0.34±0.10-0.84±0.07). This finding is inconsistent with what is commonly found in established
fisher populations, where adult females often have the highest survival rates and juveniles have
the lowest. We determined cause of mortality for 24 of 35 recovered fishers. Predation was the
leading cause of mortality (40%) followed by vehicle strikes (20%), drowning (6%) and
incidental capture (3%). We will discuss how these findings can be used and how they are being
used to increase the likelihood of success in another fisher reintroduction project in Washington.
Key Words: Fisher, Olympic Peninsula, Pekania pennanti, reintroduction, survival, Washington
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The U.S. Fish and Wildlife Service is currently conducting a status review of the North
American wolverine to inform our listing determination under the Endangered Species Act.
Using the Species Status Assessment (SSA) process, we prepared a SSA report, which provides
the scientific foundation for this determination. Preparing this report has provided an opportunity
to compile and assess new and less widely known information about the North American
wolverine. This presentation offers a summary of how we approached this process for the species
and insights into key life history characteristics.
Keywords: Endangered Species Act, Species Status Assessment, Wolverine.
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Between 2014 and 2018, the Vincent Wildlife Trust has been carrying out conservation
translocations of European pine marten (Martes martes) from Scotland to Wales in the United
Kingdom. Alongside the biological feasibility of translocations, it was essential to evaluate the
social feasibility, and the potential human impacts and consequences of releasing pine martens in
Wales. Effective and sustainable conservation, particularly of predators, needs the full support of
local people. This requires that all groups are listened to in a participatory process from the
earliest stage. The results of a wide scale public opinion survey suggested that the majority of
people would be in favour of action to prevent the pine marten from becoming extinct in Wales.
However it was essential to carry out more detailed consultation with stakeholders and other land
users in the prospective release areas, to gauge local levels of support for the project and identify
any specific issues. As part of this process we employed Q-methodology, derived from the field
of psychology and the social sciences, to understand the viewpoints of people living within the
release area towards the proposed translocation. Twenty-nine participants contributed to the
analysis, which disclosed four predominant viewpoints. Three of the factors were in broad
support of a pine marten translocation, whilst one was unequivocally opposed. The method
identified distinct viewpoints, differences both within and between groups, and areas of
consensus. The results have helped shape effective dialogue that can be inclusive of all
stakeholders and is a key prerequisite for long-term success of the project. Engagement with
communities in the project area continues and, in addition to attending events and meetings,
many local volunteers are directly involved in the project by radio tracking the martens,
monitoring camera traps and providing assistance in the field. Ultimately, this local support will
be as important to the long term survival of pine martens in the Welsh Cambrian Mountains as
the science that underpins the project.
Keywords: social feasibility translocation, Q-Method, Martes martes
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Wolverines (Gulo gulo) are of scientific and conservation interest in the Pacific Northwest.
Although noninvasive methods for surveying mustelids have been well tested and refined in
recent years, such surveys are typically conducted during winter, when detection rates tend to be
highest. In northern climates, winter field research in mountainous terrain can be labor- and timeintensive, and dangerous to carry out in remote locations where avalanche risk is high. We
developed a survey protocol for wolverines that enables the overwinter operation of scented
camera-trap stations in areas with deep snow accumulation, and requires no revisits by
researchers. The method relies on: (1) attaching remote cameras to tree boles at the maximum
predicted snow depth; (2) rotating cameras 90 degrees such that the detection- and image-capture
frames are vertical and extend from ground to camera height; and (3) scent lure dispensed daily
in small quantities by a battery-powered device designed and built for this project. We tested this
protocol over the winters of 2015–16 and 2016–17 at 40 survey stations in the North Cascades of
Washington, and detected wolverines at 19 (47%) stations, as compared with 4 detections at 80
sites (5%) over the 3 previous summers. Mean duration from deployment to detection at
overwinter stations was 5.6 months, with the longest period between deployment and detection
being 8.2 months. These results strongly suggest that our protocol effectively attracted and
detected wolverines for many months following deployment. (This protocol was also employed
at a subset of stations during a 4-state [Montana, Wyoming, Idaho, Washington] baseline survey
of wolverine distribution during 2016–17, and performed as well as standard meat-baited/rebaited sites for detecting wolverines.) Given that DNA analyses of hairs we collected from
snagging devices deployed at camera stations were less successful than we'd hoped, we are
working to develop hair-collection methods more compatible with long-term deployments. We
also routinely detected Pacific Martens (Martes caurina) and Black Bears (Ursus americanus) at
our stations—and occasionally Canada Lynx (Lynx canadensis), Cougars (Puma concolor),
Coyotes (Canis latrans), and Bobcats (Lynx rufus). We intend to use this protocol as the basis for
a long-term monitoring framework for wolverines and other species that occur in snowdominated or difficult-to-access regions.
Keywords: camera trap, scent lure, detection, occupancy, monitoring, Gulo gulo
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In recent years, the Raccoon (Procyon lotor) has been in expansion in France and individuals are
now establishing on a study area where we used to monitor a European pine marten (Martes
martes) population. The potential similarity between the Raccoon and the Pine marten, in terms
of space use patterns, resting sites choices and the use of forest habitat types, raises question
about the cohabitation between both species, in particular in suboptimal habitats of pine martens.
During a research program on the ability of marten to cross the navigation canals, we also
trapped raccoons and we took this opportunity to radiotrack both species at a same time. We
fitted 12 pine martens and 6 raccoons with a GPS collar. Collars recorded 24h-pathways once a
week, by saving one location every 5 minutes. In an agricultural landscape consisted of pastures,
cultures and woods, the Raccoon ecological niche seems to overlap the pine marten one. We
observed that both species use similar resting sites and the same movement corridors. Thus, we
are wondering about a potential impact of this allochtonous species on the ability of pine martens
to sustain in low-quality landscapes. It seemed interesting to address this issue with researchers
working in study areas where pine martens and raccoons are both native species.
Keywords: Martes, raccoon, interspecific competition, GPS
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Factors influencing the distribution and abundance of American marten (Martes
americana) at multiple spatial scales within an island archipelago
Erik R. Olson1, Maximillian L. Allen2, Rachel Harris2, Lucas Olson2, Morgan J. Morales2, Julie
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Selective pressures that drive the composition of ecological communities vary, and often operate
on different ecological scales. We examined the drivers of distribution and abundance of
American marten (Martes americana) within an island archipelago. We systematically deployed
camera traps within the Apostle Islands archipelago of northern Wisconsin from 2014 to present.
We collected data on habitat covariates for islands and camera trap sites both in the field and
remotely using Geographic Information Systems techniques. We examined factors influencing
marten presence and abundance at multiple spatial scales: archipelago-wide, island and camera
trap sites. We found that different drivers were important at different spatial scales. Island
biogeography was most important for carnivore richness, with higher richness on larger islands
and islands closer to the mainland. Marten presence on individual islands appeared to be driven
by island size, while marten abundance at camera trap sites appeared to be driven by the
cascading effects of coyotes (Canis latrans) and fishers (Pekania pennanti) and habitat
characteristics. Our data suggests that ecological communities are structured through multiple
competing ecological forces operating at multiple scales.
Keywords: Apostle Islands National Lakeshore, camera traps, island biogeography theory,
Martes Americana
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Individual based modeling of an endangered carnivore can simultaneously be pragmatic
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It is generally accepted that evaluations of functional landscape connectivity should go beyond
structural landscape configuration to account for factors such as animal behavior and dispersal
costs. Individual-based models of animal movement that incorporate animal behavior and
adaptive decision-making in real time can facilitate our understanding of such integration. We
used the individual-based model (IBM) framework SEARCH to simulate the dispersal of
translocated American martens (Martes americana). The hypothesis that a time-limited disperser
should be willing to accept lower quality habitat over time was tested using a pattern-oriented
modeling approach to compare how well several model formulations matched observed
empirical patterns of dispersal. Our best model matched all dispersal patterns except for time
spent dispersing. We found support for the hypothesis of declining habitat selectivity over time
as well as for an initial 2-week exploratory phase prior to home range establishment. Next, we
applied this calibrated and validated simulation to a new landscape where we evaluated how
mortality, land use change, and asymmetrical landscape configuration affected the ability of
martens to disperse approximately 60 km between reintroduced populations. Results indicated
that mortality due to predation and starvation had the greatest impact on the ability of martens to
successfully traverse the landscape and establish a home range. Land use change and landscape
configuration also affected functional landscape connectivity, primarily when mortality
probability was set to zero and only for the subset of individuals that traveled furthest.
Interestingly, dispersal metrics displayed different relationships with these factors than did
functional landscape connectivity. Ultimately, our IBM was both “pragmatic” in addressing
management needs for a species of conservation concern and “paradigmatic” by explicitly testing
theories of dispersal behavior. Linking these two conceptual levels furthers the utility of IBMs
and provides direction for theoretical and empirical work on animal behavior.
Keywords: Dispersal, functional landscape connectivity, home range establishment criteria,
individual based model, landscape configuration, mortality
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Validation of an habitat quality model for American marten across province of Quebec,
Canada
Marianne Cheveau and Pierre Blanchette
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As part of the new Quebec Sustainable Forest Management Strategy, provincial government will
develop Habitat Quality Model (HQM) for focal species to consider their habitat needs in the
process of forest management planning. American marten (Martes americana) was identified as
focal species in four of the five forest biomes of the province. In order to validate a previously
developed HQM for marten, we sampled 157 2-km transects in different habitat qualities across
the province, in the four forest biomes. We georeferenced crossed snow-tracks (marten, N = 722,
and potential preys: snowshoe hares, N = 13043, squirrels, N = 4465, grouses, N = 1053) and we
backtracked 84 marten tracks (for a total of 88 km). Overall, marten track number was
significantly higher in high quality stands than in poor quality stands (P = 0.001) across the
province. However, there is an interaction between quality of used habitat and biomes (P <
0.001). Marten track number was not explained by prey track number (P = 0.98), which were
higher in poor quality habitat for marten (P = 0.009). Overall, backtracked martens used habitat
according availability, but they showed different habitat preferences depending biomes. Results
point to a need of regional modulation in the HQM. Additionally, we analyzed size and
composition of marten home ranges in different forest biomes (N = 11, 24, 13 and 20 home
ranges from south to north). Preliminary results show that home range sizes and use of poor
habitat quality increase with latitude. Resource selection function indicated that marten also
prefer high quality stands than poor quality stands inside their home ranges in the different
biomes.
Keywords: Martes americana, habitat selection, spatial needs, habitat suitability index

66

Lessons learned from studies of resource selection of fishers following reintroduction on
Washington’s Olympic Peninsula: Preliminary assumptions, founders and their progeny
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Recognizing and delineating suitable habitat is a key step in planning the reintroduction and
restoration of a species to its former range. Because Fishers (Pekania pennanti) were extirpated
from Washington State, information on the historical distribution and habitat preferences of
Fishers provided an incomplete assessment of suitable Fisher habitat in the region. Consequently,
in planning for Fisher restoration in western Washington, we assessed habitat suitability based on
research results from other ecoregions and on the professional consensus that Fishers would
thrive best in large tracts of highly connected mature forests. From 2008-2010 we translocated
90 Fishers from British Columbia, Canada, to Olympic National Park in western Washington,
which together with the adjoining Olympic National Forest encompasses one of the most
extensive blocks and best example of interconnected old-growth forests and mid-late seral stands
(initiated by wildfires) in the Pacific Northwestern U.S. Following translocation we followed the
movements of reintroduced fishers (i.e., the population founders) through radio-telemetry to
determine habitat and landscape characteristics selected by translocated fishers for home range
establishment. From 2013-2016, we continued our investigation of the Olympic Fisher
restoration project with 4 years of occupancy monitoring through the use of cameras and hair
snares to determine more recent distribution patterns of the founders and their progeny. The
earlier radio-telemetry studies indicated that female Fishers established home ranges
predominately in unmanaged forests dominated primarily by mid-sized trees at mid elevations,
whereas males established home ranges predominantly in low-elevation managed forests
comprised of predominantly smaller trees. More recent occupancy analyses based on camera
data indicate that the establishing Fisher population continues to shift in distribution. We present
several hypotheses on factors influencing resource selection and occupancy patterns of the
reestablishing Fisher population in western Washington and urge caution in interpreting selection
patterns in newly established populations.
Keywords: Fisher, Pekania pennanti, reintroduction, Washington State, habitat selection
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Influence of changing forest cover and snow conditions on fisher and marten populations in
Quebec
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Since 1984, fur sales suggest an increase in fisher (Pekania pennanti) populations in the province
of Quebec (Canada) and a northerly extension of its range, while American marten (Martes
americana) populations are apparently decreasing. As a result, the ranges of fisher and marten
are increasingly overlapping in areas affected by natural and anthropogenic disturbances. Our
objective was to quantify the influence of various environmental conditions on long-term
variations of fisher and marten populations across the deciduous, mixedwood and coniferous
vegetation zones dominated by sugar maple (Acer saccharum), balsam fir (Abies balsamea) birch (Betula sp.) and black spruce (Picea mariana) respectively. Analyses of 41 semi-structured
interviews of Indigenous and non-Indigenous trappers led to the development of three
hypotheses concerning the effects of changes in forest cover and the snow compaction on
populations of the two mustelid species: 1) the lack of specificity of marten and fisher to
coniferous forests, 2) the use by the fisher of open environments, including agroforested systems,
and 3) the increasing frequency of ice crust on the snow surface, which favors fisher movements.
To test these hypotheses for each species, we used a set of candidate linear mixed models to
evaluate the impacts of environmental changes on fisher and marten pelts sold annually (yield) in
furbearer management units (169 km2 – 117 213 km2) between the 1984-1985 and 2014-2015
trapping seasons as a proxy for population size. Changes in habitat in the 30-yr interval were
measured by grouping stands by height classes (4-12 m, > 12 m), and the tree species
composition (deciduous, mixed, coniferous). Weather conditions included the amount of rain fall
during winter as well as solar radiation. Preliminary results reveal that fisher populations
increased in southern deciduous and mixedwood vegetation zones, but that the abundance of
fishers in northern coniferous vegetation zone is too low for detecting temporal changes. Mixed
forests over 12 m in height and the amount of rain that fell during the trapping season could
explain the increase of fisher yields in the mixedwood vegetation zone. Fisher yield was
positively correlated with that of marten in deciduous and mixedwood vegetation zones.
Preliminary results do not explain the decrease in marten yield for any vegetation zone. This
study highlights the interest of integrating local knowledge in ecological research to obtain
information on species for which there are few high-quality long-term data to estimate
abundance trends.
Keywords: participatory research, fur harvesting, forest management, climate change,
interspecific competition
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Energy budgets are one direct measurement of how animals perform in their environments. Yet,
measurements of energetic expenditure and intake are infrequently made for most carnivores and
especially mustelids. The production of carbon dioxide, a measure of energy output, can be
directly assessed in metabolic chambers, but requires that animals are held and tested in
laboratory settings. Powell (1979) measured the energetic output of fishers (Pekania pennanti)
that he ran on a treadmill inside a metabolic chamber. He then used the treadmill data to develop
a model for energy expenditure by fishers based on the time fishers spend running, resting, and
foraging. Finally, he used his model with field telemetry and tracking data for wild fishers to
estimate energy expenditure for wild fishers. Powell’s model has never been tested with
independent data; thus, our understanding of fisher energetics is still largely hypothetical. The
Doubly Labeled Water (DLW) method uses changes in concentrations of heavy hydrogen and
oxygen isotopes in an animal’s body water to estimate energy expenditure directly, allowing
estimates of energy expenditure of animals in their natural environments and living their daily
lives. In the autumns of 2012 to 2017 we enriched 54 (36 F; 18 M) wild-caught fishers with
DLW. Background levels of 2H and 18O in fishers were 148 ± 2.0 ppm and 1989 ± 5.6 ppm and
we enriched fishers to an average of 407 ± 111 ppm for 2H and 2395 ± 68 ppm for 18O. We held
4 fishers in captivity overnight to estimate the energetic costs of being in captivity. We released
all enriched fishers back into the wild and recaptured 32 of them (60%; 20 F; 12 M) 2 to 13 days
later. Fishers were recaptured an average of 4.5 ± 2.9 days after enrichment. Twenty one (65%)
fishers lost weight (-0.10 ± 0.19 kg). Estimates of total body water were consistent over time and
similar for female (0.73 ± 0.04) and male (0.72 ± 0.035) fishers. From preliminary analysis,
energetic expenditure for fishers was 585 kcal/day (1.5 times higher than the reported
maintenance cost of active fishers). Fishers held in captivity had an average energetic
expenditure of 296 ± 76.84 kcal/day or 1.23 times higher than reported for inactive fishers of
similar weights. High energy expenditure has important consequences for fisher foraging, fitness
and populations dynamics in the context of the types and numbers of prey available to them.
Keywords: capture-stress, doubly labeled water, energy, field metabolic rate, total body water

69

KEYSTONE PRESENTATION
Estimating energy expenditure by fishers using GPS telemetry data
Roger A. Powell1 and Aaron N. Facka2
1
2

North Carolina State University, Department of Applied Ecology, Raleigh, NC, USA. Email: newf@ncsu.edu
Oregon State University, Institute for Natural Resources, USA.

Energy budgets provide insight into animals’ food requirements and how environmental
conditions affect animals’ lives. Direct measurement of energy expenditure by animals is
difficult, making indirect measurements important. In the past, Powell measured the metabolic
rates of fishers (Pekania pennanti) running on a treadmill inside a metabolic chamber. He used
the treadmill data to complete a model for energy expenditure by fishers based on the time
fishers spend resting and running. The key data required for the model are fisher weight, time
spend resting, time spend active, and distance travelled while active. Powell used field telemetry
and snow-tracking data for wild fishers in Upper Peninsula Michigan, USA, into the model to
estimate field energy expenditure of the tracked fishers. Telemetry using Global Positioning
Systems (GPS) can provide data that, though not as precise or complete as snow-tracking data
combined with telemetry, can be far more extensive and available in non-snow seasons. In the
autumns of 2012-2017, we outfitted 10 fishers (3F; 5 M) of known weights in northern
California, USA, with Lotek Minitrack (M) and Sirtrack Litetrack (F) GPS telemetry collars
programmed to locate the fishers every 5 to 8 minutes, thereby allowing us to estimate time spent
resting and active and distances travelled while active. We followed the fishers for an average of
4.5 ± 2.9 days and collected 14,400 GPS locations (1800 ± 2000 per individual). We identified
resting bouts and their length by identifying clusters of GPS locations all within the distance of
telemetry error. We estimated distances travelled by adjusting linear distances using a fit
equation developed from the data. Our results provide an important comparison of fisher
energetics in 2 places with different terrain, climate and forests.
Keywords: energy expenditure, energetics model, field metabolic rate, fisher, GPS telemetry,
Pekania pennanti
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Spatio-temporal variation in the diet of the wolverine (Gulo gulo), in Yukon.
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Diet of wolverines (Gulo gulo) from Yukon was studied through the collection of over 600
stomachs, during 12 consecutive years of carcass collection (2006 – 2017). We compared (a) the
richness and diversity of the diet, and (b) physical condition, between sex/age cohorts (including
a large number of adult females), season (late fall vs. winter), as well as ecozones. The largest
prey items consumed were large ungulates dominated by moose (Alces alces), and snowshoe
hare (Lepus americanus). Diet was not significantly influenced by age within sexes. However,
males’ diet was less diverse than that of females. Diet varied according to the availability of
snowshoe hare. Wolverines also appeared to switch their ungulate-dominated diet in late fall to a
snowshoe hare-based diet during winter. Snowshoe hare was preferred to ungulates in the more
southern Boreal Cordillera, contrary to the Taiga Cordillera where ungulates were consumed
more. Data also indicate that wolverines on a snowshoe hare-dominated diet were significantly
leaner, although colder winter temperatures was a confounding factor. We suggest that during
the cold season, ungulates, but also snowshoe hare, contribute to the sustainability of the
harvested wolverine populations in Yukon.
Keywords: wolverine, diet, physical condition, ungulates, snowshoe hare cycle
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We used GPS data to investigate the temporal patterns of wolverine (Gulo gulo luscus) foraging
on large prey in northern Alberta. We built a predictive model of wolverine large-prey events
(beaver predation or ungulate scavenging) based on the spatial and temporal patterns of
wolverine GPS data at foraging sites we visited in the field in winter. We used this model to
predict large-prey events throughout our entire wolverine GPS dataset in winter and summer. We
then evaluated how variables related to prey availability, seasonality, competition, and
territoriality affected wolverine encounter time, residency time, and return time at predicted
large-prey events. We found that wolverines encountered large prey more often in the spring
when there is increased beaver and ungulate availability. The total time that wolverines spent at
large-prey events was greater in winter (3.11 days [95th percentile = 2.62−3.63 days]) than
summer (2.08 days [95th percentile = 1.70−2.51 days]), potentially because prey availability is
limited in winter or prey is easier to capture in summer. Wolverines partitioned the total time at
events into multiple visits, reducing their residency time and increasing their return time with
each revisit, indicating biomass decline through time. The time between visits in winter (10.12
days [95th percentile = 7.99−12.56 days]) and summer (8.39 days [95th percentile = 7.18−9.74
days]) suggests wolverines might be patrolling their home range. We also found that wolverine
residency time decreased and return time increased when there were other large-prey events
available. Moreover, wolverine residency time at events increased when other wolverines were
in the area. Our results suggest that large-prey events are important to the energy balance of
wolverines and that wolverine foraging behavior is dynamic with environmental change.
Keywords: Alberta, Alces alces, beaver, Castor canadensis, Gulo gulo luscus, kill rate, moose,
encounter time, handling time, wolverine
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Understanding the importance of particular prey in the diets of carnivores is a fundamental
aspect of their ecology. Carnivores require prey to meet their energetic needs, influencing their
survival on a daily to annual basis. In turn, habitat selection for carnivores is motivated in large
part by prey abundance and vulnerability. Carnivores often select more prey rich habitat to
increase their encounters with prey, select specific features to increase success of prey capture,
select habitat with sufficient prey resources to support raising young, and collectively these
choices can influence lifetime reproductive success. For secretive carnivores like Martes and
Pekannia, direct observation of foraging and predation events is not possible, while
snowtracking and perhaps eventually GPS collars can provide info on foraging behavior, only
diet reconstruction from scats provides a direct measure diet composition. Advancement of
knowledge on prey importance for Martes and Pekannia have been hampered by: 1. reliance on
biased metrics of diet importance 2. use of classification methods (taxonomy) and temporal
categories (seasons) that are not reflective of the energetic content of prey or shifting energetic
needs during the year. Recent studies have shown that using the tradition metric frequency of
occurrence (FO) can result in relative biases of up to 60% compared to measures more accurately
representing the energy each prey taxon contains, such as proportion of metabolizeable energy
(PME). Prior studies have emphasized the importance of small prey based on FO, but recent
studies using PME have shown that medium and large prey have a greater energetic contribution
to seasonal and overall diets. Furthermore, PME of large-bodied prey in the diet of Pekannia
explains the majority of variation in home range size in California. While evaluating prey use
based on their taxonomy has value, stronger patterns tend to emerge when prey are grouped by
body size. Energetic needs differ between the sexes most during the denning period, and
accordingly, sex-specific diets have recently been shown to differ most during this period.
However, these patterns are obscured and undetectable once data are aggregated to increasingly
larger temporal periods or when they are combined between the sexes. Collectively new
methods and findings suggest that inferences from diet studies using FO and low demographic or
temporal resolution should be interpreted cautiously and new diet studies should carefully
consider the implication that tradeoffs in study design can have on utility of the results.
Keywords: diet, scat, foraging, Martes, prey, diet importance
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Though fishers (Pekania pennanti) were extirpated from most of their historical range in the
United States, they have successfully repatriated many areas, and are now legally harvested in
the Great Lakes region. Recent harvests and winter track surveys, however, suggest fisher
populations may again be decreasing in northern Wisconsin. We investigated potential factors
contributing to this purported decrease by quantifying fisher diet in northern Wisconsin via
stable isotope analysis (δ13C and δ15N) and examining body condition of individual fishers
using measurements of fat depots. Diet reconstruction revealed small mammals and porcupines
constitute the largest portions of fishers’ diets in Wisconsin. Body condition analyses showed
that contemporary fishers carry significantly less body fat compared to Wisconsin fishers two
decades ago and to two other regional populations. Our findings contrast with past regional
studies that report snowshoe hares and white-tailed deer carrion as the largest components of
fisher diet. We suggest the diet and body condition of fishers in Wisconsin could be due to low
availability of preferred prey other than porcupines on the landscape, which may be contributing
to the recent putative population decrease.
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Intraguild predation (IGP) interactions are common among mammalian carnivores with
community outcomes that range from coexistence to exclusion. According to theory, coexistence
of two predators characterized by asymmetrical IGP requires the IGprey to be the superior
exploitative competitor on shared prey resources and is predicted to vary according to ecosystem
productivity. We used resource selection models and spatially-explicit age and harvest data for
two closely related mesopredators that engage in IGP interactions, American martens (Martes
americana; IGprey) and fishers (Pekania pennanti; IGpredator), to identify drivers of distributions in
northern New York, delineate areas of sympatry and allopatry, and explore the role of an apex
predator (coyote; Canis latrans) on these interactions. Model selection revealed that fisher use of
this landscape was strongly influenced by late winter abiotic conditions, but other bottom-up
(forest composition) and top-down (coyote abundance) factors also influenced their distribution.
Fisher probability of use was higher where late winter temperatures were warmer and snowpack
and productivity were greater. Martens were constrained to areas of the landscape where the
probability of fisher use and productivity were low and selected for abiotic and biotic conditions
that maximized niche differences and escape cover from fishers and other potential predators.
Marten age data indicated an increased proportion of juveniles outside of the predicted area of
sympatry, suggesting that few animals survived >1.5 years in this area that supported higher
densities of fishers. Consistent with theory, the outcomes of competitive interactions among
coyotes, fishers, and martens included competitive exclusion of martens by fishers within highly
productive environments and coexistence of all three species in low productivity environments,
where a combination of abiotic conditions and biotic interactions appear to offer martens a
competitive advantage. We conclude by highlighting current insights on niche relations of
martens and fishers in other regions where they occur at the southern range of sympatry and
explore common themes regarding the role of spatial heterogeneity on competitive interactions.
Key-words: coexistence, competitive exclusion, intraguild predation, mesocarnivores
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Island ecosystems are globally threatened, and efforts to restore historical communities are
widespread. Such conservation efforts should be informed by accurate assessments of historical
community composition to establish appropriate restoration targets. Isle Royale National Park is
one of the most researched island ecosystems in the world, yet little is actually known about the
biogeographic history of most Isle Royale taxa. To address this uncertainty and inform
restoration targets, we determined the phylogeographic history of American martens (Martes
americana), a species rediscovered on Isle Royale 76 years after presumed extirpation. We
characterized the genetic composition of martens throughout the Great Lakes region using
nuclear and mitochondrial markers and reconstructed the source and colonization history of Isle
Royale martens using genetic structure analyses and demographic bottleneck tests. Martens
exhibited significant structure regionally, including a distinct Isle Royale cluster, but
mitochondrial sequences revealed no monophyletic clades or evolutionarily significant units.
Rather, martens were historically extirpated and recolonized Isle Royale from neighbouring
Ontario, Canada in the late 20th century. These findings illustrate the underappreciated
dynamicism of island ecosystems, underscore the importance of historical biogeography for
establishing restoration baselines, and provide optimism for extirpated and declining Isle Royale
vertebrates whose reintroductions have been widely debated.
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Though widely distributed throughout the Neotropics, the Tayra (Eira barbara) remains a
largely enigmatic species in the Martes complex. One of the more obvious traits that
differentiates them from North American congeners is their omnivorous diet, which could play a
role in their habitat use and sensitivity to human development. We used camera trap data from a
mammal community survey across 38 forested sites in a biological corridor in Costa Rica to
assess landscape factors associated with Tayra habitat use in a fragmented system. Tayras were
detected at 60% of sites and their occurrence was not strongly related to any of the measured
habitat covariates, but tended towards a positive association with agriculture and habitat
heterogeneity. The probability of detecting Tayras was significantly higher in close proximity to
large-scale monocultures such as pineapple and banana plantations compared to more forested
sites in the region. Tayras may benefit directly from the agricultural resources (e.g., crop raiding)
or indirectly via consumption of crop pests (e.g., rodents) or other small vertebrates (e.g., nesting
birds, small mammals) in exposed edge habitats. More research is necessary to determine the
specific diet and role that Tayras play as crop pests or providers of ecosystem services as crop
pest control to inform management and conservation strategies. Tayras were exclusively diurnal,
which likely alleviates competition with nocturnal felids (e.g., Ocelots [Leopardus pardalis]), but
highlights their extensive temporal overlap with White-nosed Coatis (Nasua narica), a
gregarious competitor. Co-occurrence models suggested that Tayras and Coatis tended to avoid
each other spatially, but were commonly co-detected in areas of sympatry, suggesting some
additional mechanism of niche partitioning. There remains a large gap in our understanding of
basic Tayra ecology and we suggest that additional research should use telemetry to determine
local-scale movements, dispersal capabilities, rest site selection, and diet in fragmented and
natural systems.
Keywords: Costa Rica, fragmentation, mesopredator release, occupancy
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The “Martes Complex”: Does the ecology match the phylogeny?
Steven W. Buskirk
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The original taxonomic focus of this working group was Genus Martes, which was thought to
comprise several species of broadly similar ecologies. Molecular and genomic studies of the
early 2000s showed that Genus Martes was in fact polyphyletic. Subsequent taxonomic and
phylogenetic revisions have led to challenges in casting the subject of this working group and
these symposia: more ecologically disparate species are more closely related than was
understood. The question posed in my title can be rephrased as, “Are between-species ecological
trait differences predicted from phylogenetic divergence times?” I show that divergence times
are available for species in the subfamily, but ecological traits that have been measured across
the subfamily that would allow comparison are elusive. Using home range size as an example, I
show that ecological traits are poorly known from gulonins from tropical environments and
developing regions. Home range size reflects individual energetic needs (e.g. body size) and site
productivity (e.g. latitude, altitude), but is confounded by methodology and sex. One rationale
for expanding the scope of the working group is to expand the number of gulonin-like
carnivorans considered. We find gulonin-like species in most carnivoran families, and gulonin
traits are those of the earliest carnivorans. If we are to embrace the gulonin lineage, we may need
to conduct or sponsor the studies required to enable us to compare tayras and yellow-throated
martens with the north-temperate and subarctic focal species that we have studied in some detail.
That mid-sized carnivorans enjoy less public attention than large carnivorans is fortunate thing,
in one respect; the most charismatic mammals are widely understood by the public to enjoy
strong environmental protections. Gulonins do not suffer from this misperception.
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Maximizing the detection of fishers: Investigating the biotic and abiotic factors that affect
DNA analyses of Pekania pennanti with non-invasive hair snares
Erika L. Anderson1, Taylor R. Peltier1, David S. Green1, Sean M. Matthews1, and Roger A.
Powell2
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Raleigh, NC 27695-7617

Non-invasive survey methods that collect genetic information on individuals are increasingly
used to monitor carnivore populations. With current analytical techniques, non-invasive methods
can be used to successfully identify individuals within a population and quantify population sizes
and densities. For these techniques to be successful, however, DNA of sufficient quality must be
collected for analyses. To date, understanding is limited for how biotic and abiotic factors
contribute to the outcomes of genetic analyses. We tested how various biotic and abiotic factors
affected the probability of obtaining successful genetic detections of Pacific fishers (Pekania
pennanti) in northern California. We paired non-invasive hair snare stations that collected
genetic data with trail cameras to assess the impacts of weather, the quantity and species of
visitors (e.g., fishers or non-target species), and the order of visitation on the probabilities of 1)
collecting a hair sample from a fisher and 2) collecting a hair sample that could be identified to
an individual fisher. Over 4 years of sampling, we detected fishers on camera at our sampling
units on 89 days, detected them entering our sampling units on 32 days and, from these
detections, we collected 81 genetic samples from fishers, of which, 62 were identified to
individual. The results from our forthcoming analysis on the biotic and abiotic factors that
influenced these genetic detections will assist wildlife biologists in monitoring fishers using noninvasive techniques.
Keywords: California, carnivore monitoring, non-invasive, genetics, hair snare, trail cameras,
fisher, Pekania pennant
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Comparing potential population extent to contemporary occupancy of Pacific fisher
(Pekania pennanti) in western Oregon
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Range expansions or contractions are used to inform conservation and identify potential threats.
Methods for reporting ranges are common, however, researchers rarely project expected
population extents through time. Estimating range limits given change (e.g., change predicted
suitability or passage of time) can be used to inform translocation success, conservation targets,
or provide a framework for hypothesis generation when ranges differ from projections. We
quantified the potential for two populations of fisher (Pekania pennanti) in Oregon, USA, to
expand through time using a spatially explicit reaction-diffusion equation and employed a
Bayesian occupancy modelling approach from two data sources to create a contemporary
occupancy prediction surface. Current predicted occupancy is compared to potential range
extents to generate hypotheses regarding habitat suitability, prey availability, interactions
between competitors and predators. Two fisher populations persist in Oregon, USA: an
indigenous population in southwestern Oregon, and a reintroduced population in the southern
Cascades. We modeled the potential for the reintroduced population to expand from historic
release sites and the recolonization of the indigenous population from neighboring remnant
populations in California. To establish the contemporary distribution and detectability of fishers
within an occupancy modeling framework we conducted surveys using motion-activated cameras
and scat detecting dog teams. We deployed 2482 camera survey stations equating to 588 sample
units operational for >35 and >60 days during winter and summer, respectively, collecting >4
million photographs (surveys 2015-2017). Detection dog teams surveyed 223 sample units. We
detected fishers at 67 unique sample units and 121 individual survey stations, confirming the
presence of the indigenous and introduced populations. The southern Cascades reintroduced
population appeared to have shifted or contracted and population extent was less than expected,
except under our slowest growth model. There was no evidence of population expansion into
historically occupied forests in the Cascades despite predicted habitat suitability. We confirmed a
larger indigenous population, but also with range reductions and population extent was
consistent with moderate to high growth models.
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Determining sex of Pacific marten and fisher from remote camera data
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Pacific marten (Martes caurina) and fishers (Pekania pennanti) are sexually dimorphic in size
with males larger than females. Identifying sex of individuals from remote camera photos would
increase survey utility, providing additional information such as whether potentially reproductive
females were present during surveys. To assess whether measurements taken from photos could
discriminate sex of both fishers and marten, we expanded a protocol developed by O’Brien and
Sweitzer (2012) which successfully classified the sex of fishers in >90% of occurrences. We
collected photo data from three radio telemetry studies in Oregon and California where
individuals of known sex were uniquely marked with reflective bands attached to the antenna of
radio collars. Camera stations, consisting of bait attached to a tree, a measuring strip marked at
10 cm increments, and a remote camera 2-5 meters away facing the bait, were placed within
home ranges of marked individuals. We first identified and quantified morphological
measurements obtained from live capture datasets that differed significantly between the sexes.
We then used imageJ software to collect 5 potentially diagnostic morphological measurements
(body length, tail length, total length, distance between ear tips, and distance between base of ear
fronts) from remote camera photos of marked individuals. Of 95,800 photos reviewed, 11.9%
contained a marten or fisher, of which 4.8% (540 photos) were suitable for measurement (e.g.,
animal was at an angle allowing accurate measurement of body length). We confirmed that
marten and fisher sex could be accurately identified using morphological measurements from
remote photographs with body length as our most diagnostic and easiest to obtain. We
recommend remote camera monitoring efforts include a simple, inexpensive, and clearly
demarcated measurement strip near the camera focal point and set 3-5m from the camera.
Further, we suggest collecting data with a short latency period between photos to increase the
likelihood photographs are suitable for measurements, maximizing data utility for future research
questions. Implementing measurement tools along with remote cameras can be a valuable
addition to monitoring programs by resolving whether potentially breeding females are present.
Keywords: Martes caurina, non-invasive, Pekania pennanti, remote camera, sexual dimorphism
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“Marten” boxes: Surrogate cavity structures for a cavity-obligate forest
carnivore
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Many birds and mammals require arboreal tree cavities to fulfill critical life history requirements,
such as daily roosting or resting activities and seasonal reproductive activities. Forest
ecosystems, however, are increasingly characterized by reduced availability of large diameter
live trees and snags that support natural cavities, as a result of natural and anthropogenic
disturbances. Surrogate cavity structures, or “nest boxes”, have frequently been used for bird
population monitoring and nest boxes have increased reproduction and survival of numerous bird
species. Fewer studies have applied nest boxes to monitor cavity-obligate mammals, although
boxes have been in use for over a decade for the European pine marten (Martes martes) in the
United Kingdom. Humboldt martens (M. caurina humboldtensis) are a close relative of the pine
marten with a limited geographic distribution in California and Oregon in North America.
Information on Humboldt marten demographic parameters remains sparse despite concerns of
population viability, which prompted listing consideration under the federal Endangered Species
Act in 2010. Our objective was to assess the effectiveness of boxes as a monitoring method for a
small population (estimated < 75 individuals) of Humboldt martens occurring in young coastal
dune forests (< 70 years old) in Oregon. In November 2016, we built 19 marten-specific boxes
and installed them in the Oregon Dunes National Recreation Area. We mounted boxes to tree
boles at ~ 7 m height and used remote-sensing cameras to monitor box entrances. We returned in
August 2017 to inspect boxes and maintain cameras; cameras were functional for 4-10 months.
Photographs indicated that martens used 9 boxes (64%). At least 2 boxes were used by a female
marten and ≥1 dependent kit, one of which was used extensively by a female and kit over a 6week period (May-June 2017). Three boxes had large numbers of marten scats deposited on the
roof (n = 7-45). Boxes were also used by Douglas’ squirrel (Tamiasciurus douglasii) and
Humboldt’s flying squirrel (Glaucomys oregonensis), and at least 2 bird species, including
northern flicker (Colaptes auratus) and an unknown owl. Our box design allows for non-invasive
collection of demographic and reproductive data; in addition, scat and hair samples may provide
genetic information for individual identification. In young forests or in forests where cavity
availability has been reduced by disturbance, our boxes may offer surrogate cavity locations until
recruitment of natural structures occurs.
Keywords: cavity, Martes caurina, monitoring, reproduction
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The fisher (Pekania pennanti) is a species of concern in western North America due, in part, to
the perceived incompatibility of fishers and landscapes commercially managed for timber
production. By carefully designing a reintroduction of fishers onto a commercially logged
landscape we tested the hypothesis that fishers would remain at the study site and establish a
population that was stable or growing. We translocated 40 fishers from across northern
California between 2009 and 2012 onto the 648 km2 Stirling Management Area (Stirling) that is
privately-owned and commercially-managed for timber production in the northern Sierra Nevada
of California. We monitored the translocated population from 2009 to 2017 with radio and
satellite collars to document habitat selection, survival and reproduction. We collected over
40,000 locations from 168 fishers that were reintroduced or born on Stirling. Most (>70%) of
reintroduced fishers developed home ranges on the study site. Fishers used a variety of forested
areas and vegetation types, but selected most strongly for forests described by a habitat model
where the highest habitat quality (where perfect habitat = 1.0) had canopy cover ≥ 75%, mean
diameter at breast height >35 cm, 3 or more canopy layers, and had 25 to 40% masting
hardwoods in overstory trees. In the presence of active logging, mean habitat quality of the
landscape decreased modestly from a high in 2010 of 0.46 ± 0.37 (42% of the landscape below a
value of 0.25) to a low in 2017 of 0.42 ± 0.31 (47% below 0.25). The habitat quality of locations
were we found fishers (0.72 ± 0.31) and where they selected their home ranges (0.58 ± 0.18) was
higher than that of the landscape in all years indicating that fishers continued to find high quality
habitat. On average 82% of adult females gave birth with an average litter size of 1.8 ± 0.41.
Survival and reproduction rates were constant across years and all vital rates were similar to
extant populations of fishers elsewhere in California. By 2014, population processes, in
particular reproduction, were independent of the founding fishers. At the end of our research, the
population had a minimum of 70 individuals on or near the study site, but the population
increased steadily since 2009. Additionally, estimates of the population size are consistent with
our most optimistic population viability models. We conclude that our reintroduction established
a fisher population on Stirling that tolerated the logging performed in 2010-2017.
Keyword: fisher, forest management, habitat quality, logging, Pekania pennanti, reintroduction
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American marten (Martes americana) microhabitat characteristics in mixed
deciduous/coniferous Laurentian forests
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American martens (Martes americana) are reported to use a wide variety of forest types
throughout their North American range. Yet, consistently marten habitat has been described as
comprised of structurally complex forests, regardless of tree species composition. In the
Laurentian forests of the upper Great Lakes, martens preferentially seek out and use small (≤ 1
ha) stands of hemlock (Tsuga canadensis)/cedar (Thuja occidentalis) trees over the deciduous
matrix in which these coniferous stands occur. We hypothesized that martens seek out these
small stands of hemlock/cedar because they provide increased structural diversity over the
hardwood matrix. To test this hypothesis we compared forest structural differences of 100
randomly selected plots within small (≤ 1 ha) hemlock/cedar stands to 100 randomly located
plots within the surrounding hardwood matrix within an occupied American marten region of the
Chequamegon-Nicolet National Forest, WI. We found increased total tree density, increased
dbh, higher log density and a higher stump density in the hemlock/cedar stands compared to
plots in the hardwood matrix. These are all elements of structural diversity. As expected, we
found more hemlock and cedar trees in conifer stands than the matrix, but hemlocks were
significantly larger (dbh) in the small stands than hemlocks found in the matrix. These results
are consistent with previous research that shows the importance of forest structural elements and
the presence of conifer pockets in forest habitat selection patterns by American martens.
Keywords: forest structure, Laurentian forests, martens, microhabitat, Wisconsin
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Using collar-mounted data loggers to investigate wolverine behaviors associated with snow
cavities
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Collar-mounted data loggers are a useful tool for investigating behavioral patterns associated
with den and burrow use among cryptic species. Globally, wolverines (Gulo gulo) use cavities
excavated in snow for parturition and neonatal care, and on the Arctic tundra wolverines of both
sexes also use intra-nivean cavities for food preservation, behavioral thermoregulation, and to
facilitate predator avoidance. Verifying wolverine use of intra-nivean cavities currently relies on
labor-intensive field visits to sites used by animals wearing transmission-enabled GPS collars.
Here, as a pilot effort, we explore the utility of collar-mounted accelerometers, light loggers, and
temperature loggers, deployed on four free-living wolverines during spring 2017 near Toolik
Field Station, Alaska. Our work investigates behavioral patterns associated with the use of snow
cavities on a temporally fine scale. We present a validation of this methodology using field visits
to GPS clusters and remote cameras deployed at snow-cavities. Our work showcases the
application of biologging as a way to improve our understanding of the behavioral connection
between wolverines and snow. Finally, we discuss the limitations of such technologies, including
potential improvements for future work.
Keywords: accelerometer, light logger, temperature logger, Gulo gulo, snow
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In the 1800s and early 1900s, fur trapping and alteration of forested habitat led to local
extirpations and contractions in the distribution of fishers across western states. In California,
fishers historically occurred north of the Merced River within Yosemite National Park, although
the last verifiable records (i.e., museum specimens) from this region occurred nearly 100 years
ago (1916-1920). Recent genetic studies suggest that contemporary fisher populations in the
southern Sierra Nevada have been isolated from the northern California fisher population since
before European settlement of California, and extensive survey efforts throughout the Sierra
Nevada have not yielded evidence of fishers dispersing north of the Merced River into a
previously occupied portion of their range. In the fall of 2018, a fisher was detected at stations
operated by the USFS Carnivore Monitoring Program within the boundaries of Yosemite
National Park north of the Merced River. Multiple detections of what appeared to be a single
fisher in this area over several weeks suggested that the individual was at least temporarily
established in the area. After consultation with several relevant agencies the decision was made
to try and catch and radio collar the animal to learn more about fisher habitat use and identify
potential travel corridors in this area. In late November 2018, a male fisher (subadult or young
adult) was captured and fit with a GPS collar. We present information on the initial detection of
this unique fisher and preliminary findings associated with movements to date. Additionally, we
discuss implications for conservation of fishers in this portion of the range.
Keywords: fisher, Pekania pennanti, Merced River, Yosemite
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Since 2015, the Vincent Wildlife Trust has been carrying out conservation translocations of
European pine marten (Martes martes) from Scotland to Wales in the United Kingdom.
Considerable time, money and effort go into planning and conducting translocations, along with
ethical and welfare considerations for the released animals themselves. Therefore it is important
to know what happens after the translocation and when, with clear criteria for both short and
long term success and an adaptive management programme in place. For these reasons, a
commitment to long-term post-release monitoring is crucial. If a translocation results in
establishment, followed by reasonable population growth and long-term persistence, then further
intervention may not be necessary, although future monitoring could still reveal unexpected
problems. Alternatively, if monitoring reveals low post-release survival and low population
growth, then further action may be needed to achieve establishment and long-term persistence.
This might include refining the translocation protocols and release site selection, further “top up”
translocations or release site support such as the provision of supplementary food, shelter or nest
sites. Finally, if a translocation fails, it is essential to know when and why it failed and what else
could be done to increase the likelihood of success before deciding whether further
translocations should be attempted
Since autumn 2015, a total of 51 pine martens have been translocated. Following release, all of
the animals have been intensively GPS and radio tracked until they have established home
ranges, after which they are located daily and then weekly. All have mortality sensors so that
mortality can be monitored and carcasses retrieved for post mortem. From the following March
onwards, there is a further period of intensive radio-tracking to locate denning sites of breeding
females. Hair tubes and camera traps are also used to monitor breeding success. Identification of
individuals on camera has been made possible by a detailed catalogue of bib photos, called our
“bib-liography”. As a result of these combined techniques, we were able to confirm that at least
50% of surviving females successfully reared kits in the first year and this has continued.
Keywords: Cameras, GPS, hair tubes, Martes martes
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As part of the study of ecological corridors for wildlife conservation, we developed a research
program on spatial genetic structure of a pine martens’ mountainous population, in the French
Pyrenees. We aim at identifying the effects of slopes, urbanization in the valleys, and grazing
areas on gene flow in this forest specialist species. This work relies on faeces sampling over a
continuous area of 3200km 2 and is still ongoing. We analyzed the first part of the database. As
we have already studied pine marten’ genetic patterns in previous studies, we started this
program by comparing genetic variability and spatial genetic patterns in this mountain
landscape and in a highly fragmented landscape by anthropic structures in the northeastern
France. We used several indices of genetic diversity and spatial autocorrelation analysis. In
the Pyrenees, we observed an unexpected high allelic richness and a quite low heterozygosity.
The spatial autocorrelation pattern also revealed a genetic similarity that declined faster in the
Pyrenees than in the North of France. We explored these first results and the possible
explanations of this pattern.
Keywords: Martes, genetics
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A climate change vulnerability assessment of Waabizheshi (American marten) and Ojiig
(fisher): Combining scientific and traditional ecological knowledge
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The Ojibwe member tribes of the Great Lakes Indian Fish and Wildlife Commission depend on
natural resources to meet spiritual, cultural, medicinal, subsistence, and economic needs. Climate
change is likely to affect many species’ distributions and abundances and, therefore, the ability
of tribal members to harvest these resources. We used NatureServe’s Climate Change
Vulnerability Index tool to assess how climate change may affect species of tribal interest,
including Waabizheshi (American Marten; Martes americana) and Ojiig (Fisher; Pekania
pennanti). We also conducted interviews with numerous tribal members, to solicit Traditional
Ecological Knowledge (TEK) to identify species of concern and record environmental and
phenological changes experienced within the cultural memory. We found that Waabizheshi is
likely to be more vulnerable (vulnerability score 12.8; 93rd percentile) to climate change than
Ojiig (vulnerability score 9.8; 80th percentile) in the 1837 and 1842 Ceded Territories. Factors
that contributed to Waabizheshi’s higher score were natural and anthropogenic barriers, dispersal
limitations, dependence on snow or ice, susceptibility to pathogens or predators, competition,
and a predicted change in future range size. Knowledge from TEK interviews confirmed many of
our findings. Interestingly, one tribal member from Lac du Flambeau mentioned that he is seeing
more Ojiigag in the area than when he was young. We found that the combination of Scientific
Ecological Knowledge (SEK) and TEK broadened our understanding of climate change impacts
on these species and the TEK provided very place-based, culturally connected, and historical
information. Climate change will continue to affect the ability of tribal members to exercise their
treaty rights and thus adaptation planning must consider tribal perspectives.
Keywords: American Marten, climate change, Fisher, Martes americana, Pekania pennanti,
Traditional Ecological Knowledge
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Most researchers estimate home ranges using telemetry location estimates. With an appropriate
estimator, this approach produces a utilization distribution that can be considered to approximate
a probability distribution of where an animal spends its time. Essentially all home ranges
estimated today use time as their currency. Yet, the importance of locations, and concomitant
resources, are not always predicated or revealed by the time that animals spends at them.
Estimating home ranges using currencies, such as energy expenditure and importance of
resources, provides insights into how animals value resources, their movements among foraging
patches, and how they structure their home ranges. Weighting each telemetry location by rate of
energy expenditure at that time, estimated from travel speed using an equation in the literature,
produces a new utilization distribution. For some animals, energy expenditure in their home
range cores is higher, and in the home range peripheries lower, than time spent in those areas.
Home range estimators have parameters that must be chosen to be appropriate to the biology of
study animals, to research hypotheses and to available technology. Choosing those parameters
based on perceptual distances for sight, sound, smell and memory produce different utilization
distribution yet, explaining different aspects of why animals use space as they do. We present
data for fishers (Pekania pennanti) to illustrate and to compare how using different currencies
and perceptual distances affect utilization distributions, home range overlap, and home range
cores. Techniques appropriate to the questions or specific hypotheses are needed to understand
animal behavior and the potential for successful management.
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The Wolverine (Gulo gulo) historically occurred throughout most of Ontario, Canada, but its
range has receded substantially and it is now listed as Threatened provincially. An estimate of
current Wolverine distribution and relative abundance across its provincial range is needed to
track and compare future changes in occupancy and assess the effectiveness of management
actions. We used data from aerial surveys of Wolverine tracks collected in seven winters over a
10-year period (2003-2012) within a 574,287 km2 study area in northern Ontario to evaluate the
broad-scale pattern of wolverine occurrence across this remote boreal forest region, identifying
areas of high and low occupancy. We recorded observations of Wolverine tracks in 100-km2
hexagonal survey units, making a total of 6,664 visits to 3,039 units and visiting each 1-9 times.
We used hierarchical Bayesian occupancy modeling to model Wolverine occurrence, and
included covariates with the potential to affect detection and/or occupancy probability of
wolverines. We detected Wolverines in 946 (14.2%) of total visits. Probability of detecting a
Wolverine varied among years and between the two ecozones in the study area. Wolverine
occupancy was negatively related to two important covariates, the geographical coordinate
Easting and thawing degree-days. A site occupancy probability map indicated that Wolverine
occupancy probabilities were highest, and standard error lowest, in the western and northern
portions of the study area. The occupancy framework enabled us to use observation data from
tracks of this elusive, wide-ranging carnivore over a vast, remote area while explicitly
considering detectability and spatial autocorrelation, yielding a map of probable Wolverine
distribution in northern Ontario that would not be possible using other methods of detection
across a large region. With resource development pressures increasing in this globally-significant
region in the face of a changing climate, it is important to monitor changes in distribution of
species like Wolverines that have low population growth rates, large spatial requirements, and
sensitivity to human disturbance. This study demonstrates a relatively cost-effective and noninvasive alternative to monitoring based on Wolverine harvest records which have not been
available since 2009 due to changes in the provincial regulatory regime for this threatened
species.
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Reproductive success is crucial to the persistence of wildlife populations, yet the timing of
reproductive periods (i.e., giving birth to and rearing dependent young) and reproductive
structure use may be difficult to determine for elusive species. Our objective was to illustrate the
relationship between patterns of reproductive structure use and stages of kit development for
Pacific martens (Martes caurina). We used VHF telemetry and remote cameras to monitor
female martens from April-October of 2016 (n = 2) and 2017 (n = 6) in the Lassen National
Forest, California. Parturition rate was 88% and females produced a mean litter size of 1.8±.69
(𝑥̅ ±SD). We identified a total of 56 reproductive structures, with a mean of 8.0±1.7 per
individual. Female martens re-used 25% of all structures, including 25% within-year and 5%
across multiple years. Individuals re-used a mean of 2.1±1.2 structures. Cavities within live trees
and snags comprised 90% of natal and maternal den locations, while maternal rest structures
(59%) were more often in on- or under-the-ground locations such as logs, stumps and rock piles.
Natal den initiation occurred between 21 April and 13 May. Fidelity to natal dens was highest
(19.4±15.5 days); maternal dens (14.1±7.8 days) and maternal rest structures (5.0±8.0 days) were
used for shorter periods. Kits were mobile by early June (57.8±8.6 days post-parturition),
traveled independently by late July (86.7±4.5 days post-parturition), and appeared to disperse by
mid-September. We suggest that the most critical period for kit development occurred from den
initiation to independent travel (approximately late April-late July) based on fidelity to structures
and use of secure microsites within elevated structures during this time. However, we were not
able to quantify kit survival during this study. Investigating the relationship between
reproductive structure use and kit development may provide forest managers with baseline
information for minimizing disturbance to a sensitive wildlife species during denning.
Keywords: reproductive structure; Martes caurina; kit development; parturition rate
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Wolverine conservation and field research in northern Ontario
Matthew A. Scrafford
Wildlife Conservation Society Canada, 10 Cumberland St. N, Thunder Bay, ON, P7A 4K9, Canada. Email:
mascrafford@gmail.com

The wolverine population in Ontario is listed as Threatened under Ontario’s Endangered Species
Act, 2007. The Ontario government recently listed research and management actions necessary to
protect the current distribution of wolverines and support natural increases in their population.
Wildlife Conservation Society Canada (WCSC) is working with the Ontario government and
local trappers to address some of the high-priority action items necessary for the conservation of
wolverines in Ontario. WCSC began a radiotelemetry project in Red Lake, Ontario in the spring
of 2018 to determine: 1) wolverine abundance; 2) habitat features important to wolverine natal
dens; and 3) how forestry and roads affect wolverine movement and habitat use. These data can
be used to assess the status of wolverines and determine best-management practices for
wolverine habitats. We report on the results of the first field season in Red Lake. We also detail
our plans for the expansion of our radiotelemetry project to the Far North of Ontario where
mineral extraction in the Ring of Fire poses a risk to the wolverine population.
Keywords: wolverine, gulo gulo, resource extraction, abundance, conservation
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Microsatellite markers techniques were used to quantify the structure, diversity and overall
relatedness of the American marten (Martes americana) in Interior Alaska. Although marten have
been widely studied throughout their range in North America, knowledge of its genetic structure in
the interior is lacking. Information on the nature of a region’s population structure can lead to more
informed management decisions with accurate population grouping, which could prove important
for this heavily harvested species. From the microsatellite data on 239 marten in twelve study
regions in the Interior, we found evidence of population structure that may have geographic basis
linked to habitat type and elevation. Due to a lack of barriers in landscape in these interior regions,
it is surprising to see differences between regions. We would instead expect high diversity and
even mixing of alleles in all regions, however, habitat preferences for populations may be evident
in our results.
Keywords: dispersal, genetic structure, Martes
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The distribution and availability of a carnivores’ prey is critical to their behavior, movements,
and population persistence. Often certain habitat metrics are associated with carnivores, but in
fact may be of particular importance to a carnivores’ preferred prey. Examining how these
metrics influence prey species contributes important knowledge to the field of carnivore ecology,
specifically with respect to carnivore habitat use and selection. In California, Sciurids appear to
make up an important component of fisher (Pekania pennanti) diet, with Western gray (Sciurus
griseus) and Douglas squirrel (Tamiasciurus douglasii) being the most commonly identified prey
item in scat collected in the northern Sierra Nevada Mountains. Masting trees, such as members
of the genus Quercus and tanoak (Notholithocarpus densiflorus), produce large numbers of
acorns in areas where tree squirrels and fisher co-occur in the Sierra Nevada. Acorns are an
important component of the Western gray and Douglas squirrel diet, therefore, forested stands
with masting hardwood species may support higher densities of tree squirrels. We hypothesized
that tree species composition positively affects tree squirrel abundance. Additionally, we
hypothesized that squirrel abundance would positively affect the time fishers spend foraging in
an area. We predicted that mixed stands containing masting hardwoods and conifers would have
higher rates of detection and occupancy by tree squirrels due to increased food availability and
diversity, and would therefore have higher rates of fisher occupancy and detection as those
stands may provide better foraging habitat for the species. We will test these predictions utilizing
an occupancy approach using data collected from remote cameras in the northern Sierra Nevada
Mountains of California from January through November 2017. We deployed remote cameras
for roughly 43 weeks in 87 forested stands of varying compositions of mixed conifer, tanoak,
and black oak. Stand selection criteria included diameter at breast height (DBH), canopy cover,
and percent hardwood values consistent with fisher habitat selection. We are currently working
on the analyses of these data using both single and multiple-species occupancy models with
several covariates that may influence the probability of occupancy and/or detection of tree
squirrels and fisher. Forest managers seeking to conserve mammalian carnivores like the fisher
should consider how tree species composition supports healthy populations of important prey
species.
Keywords: hardwoods, occupancy, Pekania pennanti, Sciurus griseus, Tamiasciurus douglasii
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As habitat loss and fragmentation increases in forest ecosystems, terrestrial carnivore populations
are becoming more fragmented and isolated. Pacific marten (Martes caurina) populations may
decline quickly in response to reduction of closed-canopy mature forests, either from forest
harvest or natural disturbance (e.g., wildfire). Often, marten conservation strategies extend
management plans over broad landscapes, but this approach can fail to recognize the
heterogeneity of individual forest stands that martens can occupy. Moreover, studies using a
single scale of inference may be inappropriately extrapolated when establishing habitat
management recommendations. We conducted a multi-scale analysis using processed light
detection and ranging (LiDAR) and ground based vegetation surveys to identify marten habitat
selection around rest structures (e.g., live trees, snags, logs). The LiDAR data was processed and
verified with ground based plots, with forest variables (e.g., basal area, stand density index)
extrapolated across the study area. Rest structures appear to be a critical habitat element that
martens use for thermoregulation, protection from predation, and can also be sites for parturition.
From 2009–2013 and 2015–2017, we located 312 unique rest structures used by 31 martens
(18♂, 13♀). Paired with 624 randomly sampled locations, we used a moving-window framework
to average vegetation values at multiple scales. We optimized 14 vegetation variables at 12
spatial scales (30 m – 990 m) centered on all rest structures and random locations. Each of the
variables’ optimized scale was used to develop a series of a priori multiscale habitat selection
models hypothesized to influence marten resting. Our top model included trees per acre (990
meter scale) and elevation (900m), suggesting that martens selected for increased tree cover at
higher elevations at the home range scale. Increased structural complexity and canopy cover
surrounding rest structures (at 270 and 30 meters, respectively) increased probability of rest
selection. Because martens selected locations with vegetation characteristics optimized at 30270m, these may be appropriate scales to consider for management. For instance, these distances
could be used to designate leave islands or focal areas for restoration. We provide the first
evaluation of marten habitat using LiDAR, which can be broadly and accurately extrapolated for
management planning and restoration prioritization.
Keywords: Martes caurina, LiDAR, multiscale, habitat modeling, selection, vegetation
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Deep in the heart of Iron County, Wisconsin, USA, the Iron County Land and Water
Conservation Department, along with local high school students, are investigating the linkage
between forest types, soils, water, and wildlife. Through hands-on research the team has been
studying Wisconsin’s State endangered American Marten (martes Americana) and its habitat,
home range, and behavior. Through methods such as radio-telemetry, baited camera traps,
tracking surveys and citizen observations, the project has identified twenty-one different marten
since 2007 of which 15 were either radio-collared or micro-chipped with AVID PIT tagged. On a
weekly basis from September through May students venture out collecting data on radio collared
animals, population distribution, resting site structure, and camera trap surveys. Since 2007,
forest inventory data such as basal area, course woody habitat, and resting site structure was
collected at 132 marten resting site locations. This poster presentation will focus around data
collected on fifteen different marten since 2007 and the habitat choice and resting site structure
chosen by marten within and around Iron County Forested lands.
Keywords: American Marten (martes Americana), Fisher (Pekania pennanti), radio-telemetry,
camera traps, forest inventory, course woody habitat, AVID PIT tags, and resting site structure.
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