9th International Charr Symposium

Duluth Entertainment Convention Center
350 Harbor Dr.
Duluth, MN 55802

Monday, June 18

1700
1730
1800
1900
2000
2100

1640

1620

1600

1530
1540

1340
1400
1420
1440
1500
1520

1320

0930
0950
1010
1040
1100
1120
1140
1200
1300

0900

P. Magnan (ABS 116)

Movement, Behaviour, &
Habitat
R. Mackereth (ABS 57)

M. Mitro (ABS 66)

T. Firkus (ABS 91)

E. Henriksen (ABS 124)

R. Paterson (ABS 82)

Parasites & Predators
J. Adams (ABS 85)

Dinner on own

R. Tallman (ABS 72)

S. Perrin (ABS 152)

Formal/Banquet - Greysolon Ballroom
Frank Montano - Flute Player Redcliff Band;
Charr Photography & Illustration Keynote: P.Vecsei (ABS 158);
Cedar Creek Drum Group

C. Gallagher (ABS 8)
P. Schmalz (ABS 146)
M. Martyniuk (ABS 111)
H. Benike (ABS 51)
J. Lyons (ABS 26)

G. Grenier (ABS 127)

Population Ecology &
Dynamics & Life History
M. Hansen (ABS 36)

M. Brachmann (ABS 89)
A. Jasonowicz (ABS 77)
S. Snorrason (ABS 148)
Cancelled

N. Zymonas (ABS 161)

B. Malley (ABS 104)
J. Neibauer (ABS 134)
S. Bernall (ABS 125)
S. Chong (ABS 119)
T. Hrabik (ABS 64)
T. Keyler (ABS 75)
Chris Adams (ABS 39)

Movement, Behaviour, &
Habitat
M. Power (ABS 114)

H. Swanson (ABS 147)
D. Smith (ABS 37)
M. Kornis (ABS 41)
T. Middel (ABS 93)
P. Moccetti (ABS 25)
L. Harris (ABS 65)
K. Hudelson (ABS 27)
C. Vandergoot (ABS 6)
Coffee

Trophic Ecology,
Toxicology, & Pollution
K. Kahilainen (ABS 21)

Poster Reception - DECC Harbor Side Ballroom

B. Erdman (ABS 11)

L. Chavarie (ABS 10)
W. Stott (ABS 115)
J. Glase (ABS 92)
B. Erdman (ABS 129)
L. Miller (ABS 73)

K. Wellband (ABS 87)

Genetics &
Evolution/Taxonomy &
Systematics
R. McLaughlin (ABS 140)

Genetics &
Evolution/Taxonomy &
Systematics
K.Elmer (ABS 84)
C. Ouellet-Fagg
(ABS 113)
C. Nugent (ABS 83)
H. Xiao (ABS 121)
Cancelled
K. Fausch (ABS 126)

K. Elmer (ABS 105)

E. Marsden (ABS 159)
Discussion & Information for Afternoon Excursion

Coffee

S. Fukui (ABS 79)
E. Marsden (ABS 135)
M. Gilbert (ABS 142)

Reproductive Ecology & Developmental Ontogeny
& Physiology Keynote S. Skúlason (ABS 156)

Buses back to Duluth

BBQ Dinner

Presentation on Brule River (P. Piszczek; WIDNR)

Buses to Brule River Barn

Iron River Hatchery Tour

Lunch - included
Genetics &
Evolution/Taxonomy &
Systematics
K. Cantera (ABS 137)
Buses to Iron River Hatchery - DECC Entrance B

H. Quinlan (ABS 143)
P. Magnan (ABS 86)
Discussion

Genetics & Evolution/Taxonomy & Systematics Keynote L. Bernatchez (ABS 154)

Movement, Behaviour, & Habitat Keynote T. Binder (ABS 88)
R. Goetz (ABS 55)
M. Ridgway (ABS 43)
Colin Adams (ABS 102)

S. Moen (ABS 97)

Wednesday, June 20

Breakfast (hotels); Registration available at Duluth Entertainment Convention Center (DECC)

Tuesday, June 19

Cultural Anthropology Keynote I. Winfield (ABS 34)

Welcome
(A. Muir; Commissioner D. Pereira; Duluth Mayor E.
Larson)
0915
History of Charr Symposium Keynote A. Klemetsen (ABS 155)

0800

B. Kissinger (ABS 81)

Population Ecology &
Dynamics & Life History
M. Svenning (ABS 110)

Post-dinner drinks at The Sports Garden,
Canal Park

Dinner on own

(1) Note from Publication Team; (2) A. Muir Synthesis of Charr 2018; (3) Presentation by the
Japanese contingent on Charr 2021

Parasites & Predators
E. Boone (ABS 130)

S. Riley (ABS 90)

S. Salisbury (ABS 78)

C. Huckins (ABS 98)
K. Morita (ABS 13)
A. Klemetsen (ABS 16)
J. Hoxmeier (ABS 109)
D. Seibel (ABS 54)
X. Zhu (ABS 141)
J. He (ABS 149)

Population Ecology &
Distribution, Paleoecology,
Dynamics & Life History
& Glacial Ecology
F. Frost (ABS 139)
C. Wilson (ABS 132)

S. Sitar (ABS 38)
T. Zorn (ABS 52)
N. Lacombe (ABS 145)
M. Vinson (ABS 123)
Cancelled
C. Murphy (ABS 108)
Cancelled
C. Gallagher (ABS 76)
Coffee

B. Sims (ABS 59)

Charr
Management/Charrs as
Exotic Invaders
A. Carlson (ABS 100)

K. Miyamoto (ABS 20)
C. Vandergoot (ABS 118)
M. Seider (ABS 58)

A. Dux (ABS 19)
M. Hansen (ABS 4)
S. Yamamoto (ABS 15)

Charr Management/Charrs as Exotic Invaders Keynote D. Schill (ABS 157)

Thursday, June 21

• Early registration at the Great Lakes Aquarium on Sunday from 1800-2200
• Social and Research Vessel tours at the Great Lakes Aquarium on Sunday from 1900-2200

9th International Charr Symposium

Twitter: @charr2018
Facebook: https://www.facebook.com/charr2018/
#charr2018
DECC WIFI: “Charr2018”, No password

Charr photos displayed throughout the program book
provided by: Charles Krueger, Andrew Muir, and Paul Vecsei

CHARR SYMPOSIUM 2018
brought to you by
THE COORDINATORS

Great Lakes Fishery Commission
Science Program Staff

Minnesota Sea Grant Staff

Andrew Muir, Julie Hinderer,
Zac Blevins, Sasha Bozimowski, Jeff
McAulay, and Leah Gerweck

Don Schreiner and Marie Thoms

and THE PLANNING COMMITTEE
Charles Bronte

Charles Krueger

Chris Cahill

David Noakes

Louise Chavarie

Henry Quinlan

Jay Glase

Mark Romanski

Mike Hansen

William Taylor

Tom Hrabik

Mark Vinson

E.J. Isaac

Tiffiny Yarch

U.S. Fish and Wildlife Service
University of Calgary
University of British Columbia
U.S. National Park Service
U.S. Geological Survey
University of Minnesota - Duluth
Grand Portage Band of Lake Superior
Chippewa

Ben Kissinger

Alberta Environment and Parks

Michigan State University
Oregon State University
U.S. Fish and Wildlife Service
U.S. National Park Service
Michigan State University
U.S. Geological Survey
U.S. Geological Survey

TABLE OF CONTENTS
1-2		

Map of Duluth, Minnesota, USA

3-4

Duluth Entertainment Convention Center Floorplan

5		

Mayoral Proclamation

6		

General Information - Presenter and Registrant Information, Proceedings

7-8

Symposium Overview - Session List and Social Events

MONDAY, JUNE 18
9-10 		
Daily Overview
11		
Keynote Biography: Anders Klemetsen
12
Keynote Biography: Ian Winfield
13		
Keynote Biography: Louis Bernatchez
14		
Oral Presentation Abstracts
TUESDAY, JUNE 19
31-32		
Daily Overview
33		
Keynote Biography: Thomas Binder
34		
Keynote Biography: Paul Vecsei
35		
Oral Presentation Abstracts
WEDNESDAY, JUNE 20
57		
Daily Overview
58		
Keynote Biography: Skúli Skúlason
59		
Keynote Biography: Paul Piszczek
60		
Oral Presentation Abstracts
THURSDAY, JUNE 21
65-66
Daily Overview
67		
Keynote Biography: Daniel Schill
68		
Oral Presentation Abstracts
86			

Poster Abstracts

Back Cover

Symposium Sponsors

MAP OF DULUTH, MN

C

A

Duluth Entertainment
Convention Center

B

Great Lakes Aquarium

C

Greysolon Ballroom

D

The Sports Garden

Canal Park Lodge

The Inn on Lake Superior

A

D

B

1

Comfort Suites Canal Park

POINTS OF INTEREST
A

Duluth Entertainment Convention Center (DECC):
• Plenary and concurrent sessions will be held at the DECC from Monday, June 18, to
Thursday, June 21, from 0900-1700.
• The poster reception will take place in the Harborside Ballroom at the DECC on
Monday, June 18, from 1700-2000.
• Buses to the afternoon excursions on Wednesday, June 20 will pick up participants at
the City Side Entrance B to the DECC.

B

Great Lakes Aquarium:
• The Welcome Reception will take place on Sunday, June 17 from 1900-2200.

C

Greysolon Ballroom by Blackwoods:
• The formal/banquet will take place on Tuesday, June 19 from 1730-2200 .

D

The Sports Garden:
• After the Symposium concludes on Thursday, June 21 guests are welcome to join us at
The Sports Garden Bar and Grill, Canal Park, from 1900-2300.

Hotels/Lodging:
• Canal Park Lodge:
250 Canal Park Dr., Duluth, MN 55802
Phone: (218) 279-6000
• The Inn on Lake Superior:
350 Canal Park Dr., Duluth, MN 55802
Phone: (218) 726-1111
• Comfort Suites - Canal Park:
408 Canal Park Dr., Duluth, MN 55802
Phone: (218) 727-1378
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Parking:
A parking garage is located on the northwest side of the DECC. Parking passes can be
purchased for $5/day and are valid until midnight.

2

Harborside Ballroom:
The Poster Reception will be held in the Harborside Ballroom from 1700-2000 on
Monday, June 18th. Appetizers, a cash bar, and beer donated by Bent Paddle Brewing
will be provided.

3

Lake Superior Ballroom - Room L/M:
Concurrent Sessions
Monday, June 18th, 1300-1700:		
Tuesday, June 19th, 1300-1700:
Thursday, June 21st, 1300-1500:
Thursday, June 21st, 1520-1620:
Thursday, June 21st, 1620-1640:
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Lake Superior Ballroom - Room N/O
Concurrent Sessions
Monday, June 18th, 1300-1500:		
Monday, June 18th, 1520-1700:		
Tuesday, June 19th, 1300-1500:
Tuesday, June 19th, 1520-1700:		
Thursday, June 21st, 1300-1640:
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Genetics & Evolution/Taxonomy & Systematics
Movement, Behaviour, & Habitat
Charr Movement/Charrs as Exotic Invaders
Distribution, Paleoecology, & Glacial Ecology
Parasites & Predators

Trophic Ecology, Toxicology, & Pollution
Parasites & Predators
Genetics & Evolution/Taxonomy & Systematics
Population Ecology & Dynamics & Life History
Population Ecology & Dynamics & Life History

Lake Superior Ballroom - Room K
Food and refreshments will be provided for lunches. Break food will be available in the
foyer just outside the Lake Superior Ballroom.
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Lake Superior Ballroom - Room J
Daily plenary presentations, keynote presentations, and discussions.

7

French River Room
Available for use as a business center with wifi capabilities and power outlets. The DECC
will provide wifi under the network “Charr2018”. No password necessary.

4

5

GENERAL INFORMATION
Registration
Registration is open from 1800-2200 on Sunday,
June 17 at the Great Lakes Aquarium and from
0800-1700 Monday, June 18 – Thursday, June
21 at the Duluth Entertainment Convention
Center (foyer outside Lake Superior Ballroom-J).
Be sure to stop by registration to receive your
name tag, drink tickets, program, t-shirt, and
symposium tote bag! On-site registration is
available at a fee of $400.

Presentation Upload Guidelines
Presentations and videos can be uploaded here
at any time: http://charr.glfc.org/CharrSymposiumUpload.html. Label your presentation file as
follows: Day_TimeSlot (24hr Clock)_FirstInitial_
LastName. E.g., “19_1600_A_Muir”. A manual
uploading station will be open each day at the
registration table located at the Duluth Entertainment Convention Center from 0800-1700.

2018 Charr Symposium T-Shirts
A symposium t-shirt is included in the cost of
registration.
Additional t-shirts
are available for
purchase for $15
at the registration
table. Quantities are
limited!

Student Travel Awards
Congratulations to Karalea Cantera, MSc
candidate at the University of Guelph, Canada,
and Sho Fukui, PhD candidate at Hokkaido
University, Japan on receiving travel awards from
the Great Lakes Fishery Commission to present
at the symposium!

Proceedings
The 2018 Charr Symposium Proceedings will
be published in Hydrobiologia. The Associate
Editor is Michael Power (University of Waterloo,
Canada). Guest Editors to manage peer reviews
include Colin Adams (University of Glasgow,
UK), Charles Bronte (U. S. Fish & Wildlife
Service, USA), Michael Hansen (U. S.
Geological Survey, USA), and Rune Knudsen
(University of Tromsø, Norway).

Cantera will present in the Genetics &
Evolution/Taxonomy & Systematics session at
1300 on Tuesday, June 19.
Fukui will present in the Reproductive Ecology
& Developmental Ontogeny & Physiology
plenary session at 0930 on Wednesday, June 20.

•   21 June 2018:  Authors submit manuscripts for
preliminary screening
•   21 June – 20 July 2018:  Authors revise manuscripts in response to preliminary screening
•   20 July 2018:  Last online submission date
Contact: Mike Hansen, michaelhansen@usgs.gov

Lost & Found
Any articles found in the rooms or turned in by
participants can be collected at the symposium
registration desk at the DECC.

Thank you for your interest in publishing your
work in the Charr-2018 Proceedings!
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SYMPOSIUM OVERVIEW
Lake Superior Research Vessel Tours at the Great Lakes Aquarium

Join us at the Welcome Reception on Sunday, June 17th and get the chance to climb aboard the research
vessels Blue Heron (University of Minnesota - Duluth), Kiyi (U. S. Geological Survey), Lake Explorer
II (U. S. Environmental Protection Agency), and Blackfin (Minnesota Department of Natural Resources.
Tours will be informal, allowing you to see the state-of-the-art facilities, speak with crew and skippers, and
experience where great research is achieved!

Sunday
Early Registration
1800-2200
Great Lakes Aquarium

Poster Reception
1700-2000
Harborside Ballroom, DECC

Facilitated Discussion
1140-1200
Lake Superior Ballroom, J

Tuesday

Concurrent Sessions
1300-1700
Lake Superior Ballroom, l/m & n/o

Welcome Reception
1900-2200
Great Lakes Aquarium

Registration
0800-1700
Lake Superior Ballroom, DECC

Monday

Movement, Behaviour, & Habitat
Plenary
0900-1140
Lake Superior Ballroom, J

Registration
0800-1700
Lake Superior Ballroom, DECC
Welcome Address
0900-0930
Lake Superior Ballroom, J
Cultural Anthropology Plenary
0930-1040
Lake Superior Ballroom, J
Genetics & Evolution/Taxonomy &
Systematics Plenary
1100-1200
Lake Superior Ballroom, J
Concurrent Sessions
1300-1700
Lake Superior Ballroom, l/m & n/o

Banquet/Formal
1730-2200
Greysolon Ballroom

Banquet at Greysolon by Blackwoods

Tuesday, June 19th, Cocktails @ 1730 & Dinner @ 1900
Greysolon Ballroom
Enjoy a fine meal of North American
cuisine, musical performances by the
Cedar Creek Drum Group and Frank
Montano, flutist from the Red Cliff
Band of Lake Superior Chippewa,
and a keynote presentation by Paul
Vecsei entitled “Deep in the Charr
World,” where he will take us on a
photographic and illustrative tour of
charr diversity.
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Wednesday

Thursday

Registration
0800-1700
Lake Superior Ballroom, DECC

Registration
0800-1700
Lake Superior Ballroom, DECC

Reproductive Ecology &
Developmental Ontogeny &
Physiology Plenary
0900-1120
Lake Superior Ballroom, J

Charr Management/Charrs as
Exotic Invaders Plenary
0900-1200
Lake Superior Ballroom, J

Facilitated Discussion
1120-1200
Lake Superior Ballroom, J

Concurrent Sessions
1300-1640
Lake Superior Ballroom, l/m & n/o

Iron River Hatchery Tour

Wednesday, June 20th, 1300-1600
The U.S. Fish and Wildlife Service is the main
agency responsible for reintroducing lake charr to
the U.S. waters of the Great Lakes. This hatchery
is one of four that has collectively, at its peak, produced over 6 M fish annually. A facility tour and
demonstration of mass marking technology will be
provided. Buses pick up at DECC Entrance B.

BBQ Dinner at Brule River Barn
Wednesday, June 20th, 1600-2100

An American-style BBQ dinner will take place in a
rustic, restored dairy barn built by Finnish craftsmen. Paul Piszczek, Wisconsin Department of
Natural Resources Senior Fisheries Biologist will
give a presentation “The Bois Brule River Fishery: A Timeless Resource” on the natural history
and management of the Brule River, a historically
important brook charr
fishing destination. Beer
will be provided by South
Shore Brewing of Ashland, WI. Buses will pick
up particpants at DECC
Entrance B at 1300.
8

Closing Remarks: Publications,
Symposium Synthesis & Charr 2021
1640-1700
Lake Superior Ballroom, J
Post-Symposium Drinks
1900-2300
The Sports Garden, Canal Park

MONDAY, JUNE 18TH
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WELCOME KEYNOTE:

HISTORY OF THE CHARR SYMPOSIUM

Dr. Anders Klemetsen

Professor Emeritus,
University of Tromsø, Norway

Monday, June 18th, 0915-0930

37 Years of Charr Meetings
KLEMETSEN, A.1, 1UNIVERSITY OF TROMSØ, NORWAY

Two kinds of charr meetings have been held over the past 37 years; International Charr Symposia and International Society of Arctic Char (ISACF) Workshops. The first workshop was outside Stockholm in 1980 and the
first symposium was in Winnipeg in 1981. Because this is an address to the 9th symposium, I will deal mostly
with the symposia. They had different settings and atmospheres, and all were highly successful. Over the years,
1012 people attended, 497 talks were given, and 277 papers were published. I have picked some memorable
moments, persons, papers and pictures that, hopefully, will reflect the character of the meetings on our favourite
genus, the one and only Salvelinus. I will also display the printed proceedings for browsing.

PRESENTER BIO:
Dr. Klemetsen is Professor Emeritus at the University of Tromsø, Norway. His research interests include trophic
ecology, competition, parasitism, life history, and management of freshwater and anadromous fishes, and also
plankton, benthos, and wetland birds. His life-long focus has been on the evolution of salmonoids in northern
postglacial lakes, particularly Arctic charr Salvelinus alpinus. Anders has attended all international charr
symposia and ISACF workshops.
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SESSION KEYNOTE:

CULTURAL ANTHROPOLOGY

Dr. Ian J. Winfield

Freshwater Ecologist, Lake Ecosystems Group of the Centre for
Ecology & Hydrology, Lancaster, UK

Monday, June 18th, 0900-1010

The Cultural Importance and International Recognition of the
Arctic Charr (Salvelinus alpinus) Populations of Windermere, UK
WINFIELD, I. J.1, BERRY, R.2, IDDON, H.3. 1LAKE ECOSYSTEMS GROUP, CENTRE FOR ECOLOGY &
HYDROLOGY, LANCASTER ENVIRONMENT CENTRE, LIBRARY AVENUE, BAILRIGG, LANCASTER
LA1 4AP, UK. 2RICHARD BERRY FILM & PHOTOGRAPHY, UK. 3PHOTOGRAPHER, UK.

In the UK, the Arctic charr (Salvelinus alpinus) populations of England’s largest natural lake of Windermere
have been studied by a continuous scientific programme since the 1940s.  However, their cultural importance
has a much longer history and recently featured in the nomination which led to the awarding by UNESCO of
World Heritage Site status to the English Lake District in 2017.  As far back as 1660, these fish were exploited
in a commercial net fishery producing a culinary delight of high public profile enjoyed by locals and in a
‘potted’ form by the wealthier sections of UK society.  However, effectively uncontrolled overfishing led to
decreased catches and the final netting took place in 1921 before it was banned in 1924.  Local fishing for Arctic
charr has subsequently persisted to the present in the form of a recreational plumb-line fishery using largely
novel techniques and artificial lures.  These activities and their resulting catch have long held a great cultural
interest for the local community and for visiting national, and increasingly international, tourists. Although the
Arctic charr populations of Windermere now face a range of environmental pressures including eutrophication,
species introductions and climate change, their cultural importance has recently been the subject of several
vehicles of popular interest which have culminated in the 2017 short (12 minutes) film ‘Brass, Three Down’ on
the Arctic charr fishery of Windermere which will be shown as part of this presentation.

PRESENTER BIO: @ianjwinfield
Ian works within the Lake Ecosystems Group of the Centre for Ecology & Hydrology at its Lancaster, UK, site
with approximately 37 years of research experience encompassing diverse areas of freshwater fish ecology.  
He has a particular interest in population and community dynamics, including interactions with non-native
species, roles in lake ecosystems, effects of climate change, the use of hydroacoustics for studies of fish and
their habitats, and the applied issues of the conservation of biodiversity and fisheries management.  Most
notably, he leads long-term population studies on the major fish species of Windermere, including Arctic charr
(Salvelinus alpinus), which have been conducted continuously since the 1940s. He is currently the Secretary
of the Fisheries Society of the British Isles, a Fellow of the Institute of Fisheries Management, a Fellow of the
Royal Society of Biology, and sits on a number of regional, national and international advisory bodies. To date,
Ian’s research has led to 194 scientific publications, 360 contract reports (for a range of regional, national and
international customers), 43 popular articles and 9 datasets, together with numerous appearances in regional,
national and international media.
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SESSION KEYNOTE:

GENETICS & EVOLUTION/TAXONOMY & SYSTEMATICS

Dr. Louis Bernatchez

Director, Canadian Research Chair in Genomics and
Conservation of Aquatic Resources, Université Laval

Monday, June 18th, 1100-1140

20+ Years of Brook Charr (Salvelinus fontinalis) Research in a
Nutshell
BERNATCHEZ, L.1.1IBIS (INSITUT DE BIOLOGIE INTÉGRATIVE ET DES SYSTÈMES), UNIVERSITÉ
LAVAL, QUÉBEC QC, CANADA.

The Brook Charr may be perceived as a ‘schizophrenic species’, being one of the most socio-economically
important freshwater-anadromous fishes in its native northeastern North American range, but also a very undesirable invasive species in some regions where it was introduced. The species is characterized by a tremendous
phenotypic and genetic diversity throughout its distribution range from the Canadian sub-Arctic to southeastern
US where it occupies a huge variety of habitats, from the tiniest streams to the largest lakes, as well as marine
coastal areas. The species also support an important aquaculture industry in some places and domestic strains
maintained in captivity are intensively used to support a lucrative recreational fishery which may impact on
the genetic integrity of wild populations. Therefore, Brook Charr represents an ideal system to investigate the
intricate links between issues pertaining to conservation of biodiversity, fisheries management and aquaculture/
hatchery production. In this presentation, I will synthetize the highlights of a 20+ year research program led by
my group and involving numerous collaborators and students with an emphasis on how genetic/genomics information has been used in combination with physiology and ecology towards improving conservation, fishery
management and captive rearing practices. Examples of topics that will be covered include; pioneer landscape
genetic studies before the term was coined, determinism of adaptive divergence of sympatric populations and
relevance to First Nations fisheries management, the genetic basis of phenotypic variation including anadromy,  
effect of domestication on the evolution of gene expression and relevance for production and management, the
use of genomics to investigate the impacts of stocking and document the accumulation of deleterious mutations
in wild populations, as well as the functional genomics of sex differences and relevance for solving antagonistic
sexual conflicts. This talk is dedicated to the memory of my friend Tim King, who served the U.S. Geological
Survey for more than 20 years and who made very consequential contributions to the conservation genetics of
Brook Charr.

PRESENTER BIO: @LouBernatchez
Louis Bernatchez is an evolutionary biologist specialised in genomics, conservation and evolution of fishes. He
leads the Canadian research chair in genomics and conservation of aquatic resources and has received several
prestigious awards, including the Molecular Ecology Prize 2016, elected Hall of Excellence, Genetics Section,
American Fisheries Society, elected member of the Royal Society of Canada, and the American Association for
the Advancement of Science. He has co-founded and is currently the chief-editor of the journal Evolutionary
Applications and also been the Reviews Editor with Molecular Ecology for the last 15 years. He is a co-founder
of the Canadian Society for Ecology and Evolution. He has published over 410 research articles (h index of 94),
with many important contributions pertaining to fish evolution, conservation, fisheries management, functional
genomics, DNA barcoding and environmental DNA.
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Monday, June 18:
Oral Presentation Abstracts
by Session Theme and Order of Presentation
Presenter Underlined
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CULTURAL ANTHROPOLOGY PLENARY
MOEN, S.1, THORPE, S.2, SIERZEN, M.3, MANION, M.4, 1University of Minnesota Sea Grant Program;
Greater Lake Superior Foundation; 3 U.S. Environmental Protection Agency, retired; 4Greater Lakes Superior
Foundation.
Hooked on Coasters
ABSTRACT #97
2

Coaster Brook Trout, or ‘Coasters,’ are a Great Lakes strain of Salvelinus fontinalis. Wanderlust and sheer bulk
when mature set Coasters apart from other Brook Trout in the region. Coasters were abundant in Lake Superior,
Lake Nipigon, and in parts lakes Michigan and Huron before European colonization. Their size and number
were impossible for settlers and sports enthusiasts to ignore. Coasters were so easy to catch that warnings about
their impending scarcity date to 1880. Anglers would travel vast distances to access autumn spawning runs,
which became the critical point where fishing and turn-of-the-century logging practices delivered synergistic
blows that reduced Coaster populations to almost nothing by 1930. Fisheries agencies around Lake Superior
made repeated attempts to restore Coaster populations for about a century with little success. Remnants of
Lake Superior’s population survive in the Nipigon River area of Ontario, on Isle Royale, and in at least three
other tributaries. Partnering organizations recognize that Coaster Brook Trout recovery is more about valuing
Lake Superior’s coastal heritage and recognizing the way landscapes affect water quality than about a strain
of Brook Trout. Successful recovery requires public support, the cooperation of anglers, the stewardship of
property owners, and the regard of those who visit the basin. This presentation will focus on public interest in
management, and parallels with the history and future of sea-run Brook Trout, or “Salters,” found along North
America’s northeastern seaboard.

GENETICS & EVOLUTION/ TAXONOMY & SYSTEMATICS PLENARY
JACOBS, A.1, CARRUTHERS, M.1, YURCHENKO, A.1, GORDEEVA, N.2, ALEKSEYEV, S.3, ADAMS,
C.1, ELMER, K.1, 1University of Glasgow; 2Vavilov Institute of General Genetics, Russian Academy of
Sciences; 3Koltzov Institute of Developmental Biology, Russian Academy of Sciences.
Parallel and non-parallel aspects of genomic and phenotypic evolution of Arctic charr
ABSTRACT #105
Understanding the predictability of evolution and ability of species to diversify rapidly is a longstanding
question in evolutionary biology. To understand if parallel ecotypes — benthivorous, planktivorous and
piscivorous — evolved using parallel or non-parallel evolutionary routes, we examined phenotypic and population genomic patterns of replicated divergence in 13 Arctic charr (Salvelinus alpinus) populations from two
evolutionary lineages (Atlantic and Siberian). In this study, we analyzed seven functional morphological traits
in 1535 individuals and genotyped 648 individuals at ~200,000 loci using a ddRADseq approach. We found that
ecotypes show strong levels of parallelism in some traits among populations, even across lineages. The population genomic analysis revealed a pronounced speciation continuum, which correlates with the continuum of
phenotypic divergence. Using coalescence modelling and analysis of introgression, we found that evolutionary
histories of divergence and introgression differ strongly across populations and lineages. Genome-wide association and transcriptomic analyses further revealed that the genomic basis underlying eco-morphological divergence is mostly non-parallel across lakes, but that similar biological pathways are involved. Overall, we reveal
complex aspects of evolutionary histories and genomic mechanisms, both shared and unique, which have led to
the evolution of parallel phenotypic traits. These findings are important for advancing our understanding of the
predictability of evolution, phenotypic divergence in the face of gene flow and the role of natural selection in
this process.
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GENETICS & EVOLUTION/TAXONOMY & SYSTEMATICS
CONCURRENT SESSION
ELMER, K.1, JACOBS, A.1, WOMACK, R.1, CHEN, M.2, GHARBI, K.3, ADAMS, C.1, 1University of
Glasgow, Institute of Biodiversity, Animal Health and Comparative Medicine; 2University of Glasgow, Department of Mathematics and Statistics; 3Edinburgh Genomics.
Genomic organisation of ecologically relevant quantitative trait loci within and across species
ABSTRACT #84
The organization of functional regions within genomes has important implications for the evolutionary potential
of species. Considerable research effort has gone toward identifying the genomic basis of phenotypic traits of
interest through quantitative trait loci (QTL) analyses. Less research has assessed the arrangement of QTL in
the genome within and across species. We compared the distribution of nearly a thousand ecologically relevant
QTL within and across six species of salmonids to understand their distribution across the genome. Using a
novel analytical framework for comparative mapping and significance testing of QTL, we identified a synteny
blocks across species and co-localized clusters within species. Of all species, Arctic charr had the most data
available and a moderate number of QTL colocalised in the genome, yet no evidence for colocalisation rate
being significantly in excess of expectations. Population genetic analysis of divergent Arctic charr ecotypes
suggests a highly variable genetic basis underlying eco-morphological divergence, with different QTL being
associated with differentiated genomic regions across populations. This suggests that resolving the genetic basis
of phenotypic evolution in Arctic charr may be complex and differ across populations. Our findings suggest
genetic linkage between traits within species is relatively rare, advancing our understanding of the renowned
ecological and phenotypic variability in salmonid fishes.
OUELLET-FAGG, C.1, PARSONS, K.2, NUGENT, C.1, EASTON, A.1, DANZMANN, R.1, FERGUSON,
M.1, 1University of Guelph; 2University of Glasgow.
Comparative analysis of the genetic linkage maps from Icelandic and North American populations of
Arctic charr (Salvelinus alpinus)
ABSTRACT #113
The recolonization of northern habitats by Arctic charr (Salvelinus alpinus) after the last glacial maximum into
what is now the current Holarctic distribution was likely accomplished via marine routes. Phylogenetic analysis
of Arctic charr mitochondrial haplotypes has defined 5 geographic regions that are potentially associated with
different charr refugia.  The Atlantic refugium includes Iceland and portions of Eastern Canada while the Arctic
refugium is composed mainly of the Canadian Arctic. We constructed an updated linkage map for Icelandic
Arctic charr using 8 full sib outbred families that were created using two morphs from each of two Icelandic
lakes (Þingvallavatn and Vatnshlíðarvatn).  Genotype-by-sequencing identified on average 12,000 SNPs per
family, and an average of 1,500 high quality SNPs and microsatellite markers per family were used to generate
sex-specific linkage maps within each family.  These sex-specific maps were then used as a comparison against
the Fraser River strain linkage map (Atlantic refugia) to investigate what similarities and differences exist in
their genomic architecture. Previous work has shown the sex chromosome AC04 to be polymorphic, taking
the form of either a single linkage group (type I) or two distinct, unlinked linkage groups (type II). Preliminary
comparisons of the Icelandic and Fraser strain maps indicate differences not only in the type of sex-linkage
class, but also to which linkage group the sex-determining gene (sdY) localizes. An in-depth comparative
analysis will help elucidate the effects of post-glacial history on the genomic evolution of Arctic charr.
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NUGENT, C.1, LEONG, J.2, CHRISTENSEN, K.2, RONDEAU, E.2, EASTON, A.1, OUELLET-FAGG, C.1,
NORMAN, J.1, DAVIDSON, W.3, KOOP, B.2, DANZMANN, R.1, FERGUSON, M.1, 1University of Guelph;
2
University of Victoria; 3Simon Fraser University.
Design and characterization of an 87K SNP genotyping array for Arctic charr (Salvelinus alpinus)
ABSTRACT #83
We created a SNP genotyping array for Arctic charr (Salvelinus alpinus) featuring 86,504 single nucleotide
polymorphisms derived from a diverse set of populations. Our goal was to develop a useful tool for a wide
array of future studies, including the genetic improvement of aquaculture strains and the analysis of the evolutionary history of wild Arctic charr populations from diverse locations. To orient the SNPs and inform marker
selection decisions, a draft reference genome was developed from sequencing of a single diploid female. The
markers used in the design of the genotyping array were derived from a variety of sources. Eight charr made
from crosses of Canadian Tree River and Nauyuk aquaculture strains were sequenced at ~40x genome coverage
and reads were mapped back to the reference genome to identify SNPs. Reduced representation sequencing
was performed on over 1000 fish including families derived from the Canadian Fraser, Nauyuk and Tree River
aquaculture strains, the Icelandic lakes Þingvallavatn and Vatnshlíðarvatn as well as charr captured from lake
Mývatn and nearby lava caves.  These data were used for de novo identification of SNPs, which were then
mapped on to the reference genome. Cross validation of SNPs from the different sources and comparison
with published Arctic charr SNP records provided a set of markers that generalize across populations. Further
candidate SNPs were identified based on criteria including: minor allele frequency, association with functional
genes, even spacing across intergenic regions, association with the sdY gene and utility in the study of specific
populations.

SNORRASON, S.1, PÁLSSON, A.1, SIGURGEIRSSON, B.1, KRISTJÁNSSON, B.2, XIAO, H.1,
GUÐBRANDSSON, J.1, JÓNSSON, Z.1, 1University of Iceland; 2Hólar University College.
Population genomics of parallel evolution in dwarf forms of Arctic charr in Iceland
ABSTRACT #121
Predictability and repeatability of evolution are of fundamental interest in evolutionary biology, yet difficult to
test. Arctic charr (Salvelinus alpinus) colonized Icelandic freshwater systems following the retreat of the ice
cap around 10,000 years ago, and since then have diversified into multiple forms, represented by anadromous,
stream dwelling and lake dwelling populations. Given this scenario and the short time frame, the Icelandic
Arctic charr invite studies aimed at understanding the dynamics of adaptive divergence and parallelism. Here
we focus on the dwarf forms that typically are found in allopatry in spring-fed streams and sympatrically in
lakes with other morphs. These dwarf forms exhibit pronounced, presumably adaptive phenotypic parallelism. To what extent is this reflected in the genome? Can we identify genomic areas, genes and pathways that
associate with the phenotypic specialization in Icelandic Arctic charr? These questions will be addressed by
comparing phenotypic traits (shape, life history) and ddRADseq data among 20 distinct dwarf populations, 3
sympatric lake residents and 7 anadromous populations covering the neo-volcanic zone. While the ddRADseq
data illustrate clear genetic separation of populations and morphs within systems, they also suggest that the
small benthic morphotype has evolved repeatedly. We will screen for genomic regions with strong genetic
differentiation between populations and morphs. By integrating these results with data on genetic variation from
transcriptomic and whole genome sequencing of sympatric morphs from Lake Thingvallavatn we aim to both
evaluate the repeatability of genetic evolution and reveal loci and potentially variants associating with diverging
traits.
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MARKEVICH, G.1, ESIN, E.1, 1Kronotsky Nature Reserve.
The environmental gradients as a trigger for Dolly Varden sympatric diversification in the different lakes
of Kamchatka
ABSTRACT #32
The parallel sympatric divergence is common for charrs making this group the prime model for contemporary
insights into the eco-evo field. A high convergence and parallelism in trophic based adaptations allows to
approve several basic pathways maintained by the general environmental gradients, which are looped in the
annual cycles. Particularly, for Lake Kronotskoe the number of discrete food peaks generally corresponds to the
number of sympatric charr morphs; in Lake Angre two morphs occupy the two niches only existing in pelagic
and benthic zones; in Lake Kurile three morphs are found to diverge along the littoral, slope and profundal
sections of benthic zone. Herewith, the trophic dynamics should be interconnected with the accessibility of
different spawning sites and reproduction timing. A sharp distinction in spawning biology controlled by the
basic environmental factors (stream velocity, river slopes, temperature) were found for the Lake Kronotskoe
charrs; in lakes Angre and Kurile morphs spawn in distant areas with a significant time shift. The trophic-based
adaptations and spawning biology peculiarities are connected with each other through development timing
making it possible to loop the annual cycle and providing for a certain morph to occupy the relevant food niche
at its peak. All the ecosystems under the scrutiny are varying in size, basin morphology and river-net development. We can assert that the dimensionally peculiarities do not contribute largely the sympatric diversification
initiation, while the explicit expression of the environmental factors may initiate and maintain the divergence
process even in highly restrict conditions.
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NAKANO, S.1, KOIZUMI, M.1, FAUSCH, K.2, TANIGUCHI, Y.3, KITANO, S.4 1Hokkaido University,
Colorado State University, 3Meijo University; 4Nagano Environmental Conservation Research Institute.
Dolly Varden jaw morphology diverges in sympatry with whitespotted charr versus allopatry in two
Hokkaido catchments
ABSTRACT #126
2

Similar species that come into contact in sympatry may diverge in characters related to resource use owing to
evolution or phenotypic plasticity. Dolly Varden (Salvelinus malma) and whitespotted charr (S. leucomaenis)
overlap in distribution along streams in Hokkaido Island, Japan, and compete by interference for positions from
which to capture drifting invertebrates. Previous research showed that as drifting prey declined during summer,
Dolly Varden shifted foraging modes to range widely across the stream bed and capture benthic prey, a behavior
likely facilitated by their subterminal jaw morphology. Here we compare key characters of jaw morphology
of Dolly Varden in sympatry with whitespotted charr versus those in allopatry in two catchments draining to
different seas bordering Hokkaido, to test for morphological divergence.  Statistical analysis showed significant
divergence of Dolly Varden in sympatry versus allopatry, in one case in nearby streams and in the other at
locations <2 km apart in the same stream. Divergence occurred primarily in characters related to resource
acquisition by foraging, and were correlated with charr diets. Dolly Varden in sympatry had shorter lower
jaws than those in allopatry (i.e., more subterminal mouths), and fed less on drifting terrestrial invertebrates
but more on benthic aquatic invertebrates. These results indicate that Dolly Varden show phenotypic plasticity
similar to other charr, allowing rapid response in morphology to the presence of competitors. Coupled with
adaptive shifts in foraging behavior, these morphological shifts likely help them maintain positive fitness when
competing with whitespotted charr in zones of sympatry in Hokkaido streams.
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MCLAUGHLIN, R.1, WAJMER, N.1, SICOLY, L.1, MACKERETH, R.2, WILSON, C.2, NICHOLS, K.3,
University of Guelph; 2Ontario Ministry of Natural Resources and Foresty; 3NOAA, National Marine and
Fisheries Service.
Phenotypic and genetic variation in personality and migration in polymorphic Brook Charr
ABSTRACT #140
1

It has been hypothesized that differences in personality could shape large-scale dispersal and migratory
movements. We investigated the relationship between personality and migration in Lake Superior Brook Charr
(Salvelinus fontinalis) known to display migratory polymorphisms: a small bodied stream resident and a larger
bodied migrant. Resident and migrant Brook Charr were captured and crossed to create 26 families. Four personality metrics were quantified for offspring and tested for (i) repeatability and heritability, (ii) phenotypic and
genetic correlations, and (iii) their relationship with the migratory behaviour of parents. Assays of risk-taking,
general activity, social behaviour, and propensity to disperse were conducted for the 0 , 1 , and 2 age classes.
At each age, the personality metrics were repeatable and heritable and there was evidence of a behavioural
syndrome involving risk-taking, activity, and propensity to disperse. However, at each age the personality of the
offspring was not related to the migratory status (migrant/resident) of their parents. Our findings suggest that
these personality metrics can evolve, evolvability will depend on the direction of selection, and personality and
migratory behaviour are not controlled by a simple, proximate mechanism.

WELLBAND, K.1, BAILLIE, S.2, BENTZEN, P.3, BERNATCHEZ, L.4, 1Université Laval; 2Department of
Fisheries and Oceans Canada; 3Dalhousie University; 4Université Laval.
Genetic diversity of lake charr, Salvelinus namaycush
ABSTRACT #87
The main goal of this research was to assess genetic variation of lake charr Salvelinus namaycush. A series
of research questions were generated on the genetic basis of phenotype, the relationship between genetic
and morphological distinctiveness among charr ecotypes, ecotype origins, evidence for ‘reverse speciation’,
and axes of genetic divergence and whether or not they exist in parallel. While recent research has provided
compelling evidence for a heritable basis of phenotypic variation among recognized lake charr ecotypes, we
found inconsistent support for genetic differentiation among ecotypes. We also found both parallel and nonparallel genomic changes associated with convergent lake charr ecotypes in multiple populations. Our research
has generated an emerging view of lake charr genetic and phenotypic diversity in large lakes where diversity
is distributed along a depth gradient, rather than among discrete ecotypes. Phenotypic clines present within
each ecotype further suggest environmental conditions influence the genetic control of morphological and
life-history traits. Temporal reductions in genetic diversity and differentiation for lake charr ecotypes in Lake
Superior suggest ongoing reverse speciation. Hatchery supplementation and stocking has profound impacts on
the genetic diversity of lake charr populations in both large and small lakes. These effects are variable, do not
necessarily correlate with stocking effort and may, in some cases, be reversible given enough time. Finally, we
identify information gaps and avenues for future study to improve our knowledge of molecular mechanisms
and evolutionary processes generating lake charr phenotypic diversity and improve the genetic guidance of lake
charr management.
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CHAVARIE, L.1, HOWLAND, K.2, HARRIS, L.2, GALLAGHER, C.2, HANSEN, M.3, TONN W.4, MUIR,
A.5, KRUEGER, C6. 1University of British Colombia; 2Department of Fisheries and Oceans Canada; 3U.S.
Geological Survey; 4University of Alberta; 5Great Lakes Fishery Commission; 6Michigan State University.
Trophic variation within a piscivorous lake trout morph from Great Bear Lake, Canada: The initial step
toward ecological specialization?
ABSTRACT #10
Ecological opportunities present during colonization of novel environments can drive divergent selection on
traits, resulting in specialization of morphs to enhance efficient use of resources and, potentially, intraspecific
divergence and ecological speciation. Thus, in an ecologically polymorphic species, differences in resource
specialization should be found among morphs, and homogeneity in resource use expected within a morph.
Using the piscivorous lake trout morph, one of four morphs in Great Bear Lake, we investigate whether specialization of trophic resources also occurs among individuals, which could indicate a potential for continued
population divergence.Three distinct dietary patterns of resource use within piscivorous lake trout were detected
from analyses of fatty acid composition. In general, feeding habits of different groups within the piscivorous
morph were not associated with detectable morphological or genetic differentiation, suggesting that behavioral
plasticity within individuals or behavioural differences among individuals may have caused the patterns of
trophic variation within this morph. A low level of genetic differentiation indicated by variation at microsatellite loci was evident between exceptionally large-sized individuals (“Giant sub-group”) and other piscivorous
individuals. Size-assortative mating could explain this low level differentiation. Investigating a geologically
young system that displays high levels of intraspecific diversity and focusing on dietary patterns of resource use
variation within one morph suggested an undescribed pathway to the concept of stability in divergent foraging
behavior in an adaptive radiation process.
STOTT, W.1, SMITH, M.2, WILSON, C.3, 1Michigan State University; 2U.S. Geological Survey, Great Lakes
Science Center; 3Ontario Ministry of Natural Resources and Forestry.
Genetic diversity and history of lake trout Salvelinus namaycush hatchery strains stocked into the Laurentian Great Lakes
ABSTRACT #115
Lake trout (Salvelinus namaycush) populations declined in Lake Superior and were extirpated from Lakes
Michigan, Erie, and Ontario as a result of overharvest, habitat loss, and sea lamprey predation. Since sea
lamprey control was initiated, there has been an ongoing effort to rehabilitate lake trout that is yielding positive
results in several Great Lakes.  Much of this effort has been directed towards the development of hatchery
strains: more than 10 different strains with origins within and outside the Great Lakes have been developed in
the last 50 years, and stocking programs continue to develop additional resources. We have compiled a history
of the development of lake trout strains used in Great Lakes restoration in the United States and Canada and
characterized their genetic diversity and divergence within and among the different lakes.  Genetic relationships among hatchery strains based on microsatellite genotyping are consistent with their geographic origins.
Comparison of microsatellite DNA diversity of the most commonly used strains with their wild sources shows
that levels of diversity compared to their wild sources can vary substantially, although in many cases hatchery
breeding programs have successfully maintained the genetic characteristics and diversity of their source populations. Genetic characterization of the set of hatchery strains being used to rehabilitate lake trout in the Great
Lakes provides valuable baseline data for evaluating strain contributions to restoration efforts and wild recruits,
as well as quantifying returns from stocking efforts from the different strains.
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GLASE, J.1, SEIDER, M.2, QUINLAN, H.2, STOTT, W.3, 1U.S. National Park Service; 2U.S. Fish and
Wildlife Service; 3Michigan State University.
Genetic and Phenotypic Diversity in Lake Charr at Isle Royale National Park
ABSTRACT #92
The lake charr (Salvelinus namaycush) is an iconic species at Isle Royale National Park, supporting a thriving
commercial fishery prior to the establishment of the park, and currently a popular recreational fishery.  Determining the level of genetic and phenotypic diversity potentially preserved around Isle Royale is important to
the National Park Service due in part to the NPS mission to maintain resources unimpaired for the enjoyment
of future generations. Information on the level of diversity of Isle Royale lake trout could also prove useful
for ongoing restoration efforts in other Great Lakes.  Previous research identified four morphotypes with high
variation within and low variation among groups. Our objective was to sample spawning congregations to
further describe the extent of lake charr diversity within Isle Royale National Park. Lake charr morphotypes
were delineated through a combination of geometric morphometric and genetic analyses. Over 1,000 lake charr
from 20 different spawning areas were sampled between 2010-2017. Although we sampled congregations of
presumably similar groups of lake charr, we still found high variation within the groups, suggesting either the
presence of other morphs or introgression of morphotypes influenced by the dramatic long term changes to the
Great Lakes ecosystem. Completion of the genetic analyses and continued sampling will greatly improve our
spatial coverage and sample size, which may improve our discrimination of lake trout stocks near Isle Royale
National Park.

ERDMAN, B.1, WRIGHT, W.1, KINNISON, M.1, GALLAGHER, M.2, 1University of Maine; 2Maine Department of Inland Fisheries and Wildlife.
Population structure and hatchery introgression of brook trout in Maine
ABSTRACT #129
Lacustrine populations of brook trout (Salvelinus fontinalis) are an economically and culturally important
sportfishery in Maine. Hatchery supplementation has occurred in many of these wild populations since the
1800’s. Early on, hatchery broodstock were derived from geographically distant sources, with a shift toward
Maine-derived broodstocks in the 1990’s. Management emphasis is now increasingly focused on preserving
wild trout populations that represent Maine’s genetic heritage.  However, the effects of historical stocking on
this genetic heritage remain largely unknown. In this study, we assayed non-stocked, historically-stocked,
currently-stocked, and hatchery-sourced populations at 13 microsatellite loci to characterize natural patterns of
brook trout genetic diversity and potential genetic legacy effects of stocking.  We found distinct genetic profiles
associated with major drainage basins and a significant isolation by distance pattern, representing a substantive revision of our understanding of brook trout population structure in the state. We also found evidence
that hatchery introgression was modest or absent in most historically, but no-longer, stocked populations. We
hypothesize this outcome reflects a combination of genetic resistance and resilience to introgression, mediated
by natural selection against hatchery genotypes and by ongoing gene flow within intact drainage networks.
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MILLER, L.1, DIETERMAN, D.1, HOXMEIER, R. J.1, 1Minnesota Department of Natural Resources.
Reproductive dynamics of a native brook trout population following manipulative reduction of an
invader
ABSTRACT #73
Removal of non-native brown trout (Salmo trutta) from a stream in the north-central USA provided the opportunity to examine reproductive dynamics of native brook trout (Salvelinus fontinalis) in the context of release
from this competitor. We used data from 14 microsatellite DNA loci to estimate genetic effective population
size, sibships and parentage across five cohorts (2008-2012). We hypothesized that brown trout reduction would
allow more brook trout to successfully spawn and more evenly distribute reproductive success among individuals, thus increasing the effective number of breeders (Nb). Contrary to expectations, Nb estimates changed little
between pre- and post-removal cohorts (21-29 pre; 14-23 post), while Nb to census size ratios decreased slightly
(0.17-0.19 pre; 0.08-0.17 post). The generational effective population size (Ne) was 24.8. Variance in family
size was not reduced at lower adult brook trout abundances, indicating a lack of genetic compensation. Most
individuals matured at about 125 mm, but reproductive success increased markedly with fish length beginning
at about 185 mm. Brook trout sampled in fall close to the spawning period tended to concentrate in a few stream
sections. One section favored by brown trout prior to removal was later favored by brook trout, and parentage
confirmed their high contribution of offspring. At least initially, increased abundance of adult brook trout has
not lead to increased Nb, and Ne remains low for this population. Managers should consider assisted migration
from nearby populations to enhance genetic diversity in this isolated population.

LARSON, W.1, ERDMAN, B.2, TURNQUIST, K.1, MITRO, M.3, GRIFFIN, J.3, 1U.S. Geological Survey,
Wisconsin Cooperative Fishery Unit; 2University of Maine; 3Wisconsin Department of Natural Resources.
Genetic population structure of Wisconsin brook trout: the ghosts of propagation past
ABSTRACT #11
Brook trout are an important native species in Wisconsin that provide numerous recreational fishing opportunities across the state. Stocking of brook trout has been occurring in Wisconsin since the 1800s, and many
brook trout stocked in Wisconsin were derived from non-local sources or domesticated hatchery strains such as
those developed in Nashua, New Hampshire. Here, we used genetic data from microsatellites to describe the
population structure of brook trout across Wisconsin and identify populations with wild versus domestic genetic
signatures. We found that many populations contained genetic signatures consistent with domestic strains,
including some that had previously been identified as wild.  One notable example of this was the Ash Creek
population, which was thought to be wild and had been previously used as a broodstock source but was found
to contain signatures of domestic ancestry. We also found evidence of genetic similarity across large spatial
scales in putatively wild populations suggesting that propagation practices have substantially impacted natural
population structure. Information from this work as well as other ongoing genetics research will help to inform
management of Wisconsin brook trout by helping to define genetic management units and facilitating the identification of suitable broodstock sources.
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TROPHIC ECOLOGY, TOXICOLOGY & POLLUTION
CONCURRENT SESSION
KAHILAINEN, K.1, THOMAS, S.2, HARROD, C.3, HAYDEN, B.4, ELORANTA, A.5, 1Norwegian College
of Fishery Science; 2 EAWAG Swiss Federal Institute of Aquatic Science and Technology; 3Universidad de
Antofagasta; 4University of New Brunswick; 5Norwegian Institute for Nature Research.
Ecology of piscivorous Arctic charr (Salvelinus alpinus) in food webs of subarctic lakes with multispecies
fish communities
ABSTRACT #21
The knowledge of Arctic charr (Salvelinus alpinus) ecology in species-poor circumpolar lakes has increased
greatly during recent decades, but few studies have focused on this species in large lakes with multispecies
fish communities. In this study, we  used stomach contents and stable isotope analyses to study the role of
Arctic charr in food webs of large Fennoscandian subarctic lakes with multiple (7-12) coexisting fish species.
In all lakes, the relative abundance of Arctic charr was low and they mainly used deep benthic habitats. Arctic
charr shifted early to piscivory, consumed mostly pelagic species and attained relatively large size. According
to stable carbon and nitrogen isotopes, Arctic charr were top predators and integrated pelagic and benthic
food-web compartments. Arctic charr evidently increased the overall isotopic niche space and food chain length
in these large subarctic lakes. As a top predator, Arctic charr presumably have a key role in predator-prey interactions and integration of pelagic and benthic habitats and food-web compartments.

SWANSON, H.1, VINSON, M.2, CHAVARIE, L.3, 1University of Waterloo; 2U. S. Geological Survey; 3University of British Columbia.
Differences in Trophic Ecology Among Morphotypes of Lake Char
ABSTRACT #147
As resource partitioning is thought to be a major driver of intraspecific diversity, it is not surprising that morphotypes of lake char, Salvelinus namaycush, often differ in their trophic ecology. A recent review of the literature shows that the degree of dietary specialization among morphotypes varies both among and within systems,
and likely reflects variability in resource availability, fishing pressure, and study design (e.g., depth of habitats
sampled, data analysis methods, tracers used). In this talk, we discuss the trophic ecology of both well-described
(e.g., lean, siscowet) and lesser-studied (e.g., redfin from Lake Superior, Morphs 1,2,3,4 in Great Bear Lake)
morphotypes of lake char in some of North America’s largest lakes, and compare trophic ecology of semianadromous and freshwater-resident (i.e., typical) lake char. We review emerging methods used to quantify
trophic ecology and niche overlap, and how complimentary techniques, such as telemetry, can contribute to our
understanding of how multiple morphotypes of lake char partition resources within a system.
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KORNIS, M.1, BUNNELL, D. B.2, SWANSON, H.3, BRONTE, C.1, 1U.S. Fish and Wildlife Service, 2U.S.
Geological Survey, Great Lakes Science Center; 3University of Waterloo.
Spatiotemporal Patterns in Trophic Niche Overlap Among Lake Charr (Salvelinus namaycush) and
Nonnative Salmonines in Lake Michigan, USA
ABSTRACT #41
Since the 1950s, stocking, sea lamprey control, and harvest regulations have been used in Lake Michigan to
rehabilitate the native apex predator, lake charr, and support fisheries. Several nonnative salmonines - Chinook
salmon, coho salmon, steelhead, and brown trout -- are also stocked and managed to support and diversify
sport fisheries. Recent declines in alewife, the main prey fish that supports all salmonines, has raised concerns
over food supply for the fishery, and understanding niche partitioning among salmonines is critical to fisheries
management. We evaluated δ13C and δ15N stable isotope ratios from lake charr, nonnative salmonines, and
their prey to describe spatiotemporal patterns in niche overlap. Samples were collected from four regions of
Lake Michigan during early and late summer, and spanned gradients of fish size. Lake charr had the most
unique trophic niche, with <18% overlap with Chinook salmon, coho salmon and steelhead but 60% overlap
with brown trout. Compared to other salmonines, lake charr were enriched in δ15N, indicating greater reliance
on offshore benthic prey.  Lake charr and brown trout had wider isotopic niches than other species, indicating
individual diet plasticity. Lake charr and brown trout isotopic signatures also differed by region, which may
indicate regional fidelity; isotopes for other species were similar among regions, possibly due to inter-regional
movement.  These results suggest competition for declining pelagic prey fish will be highest among Chinook
salmon, coho salmon, and steelhead, while lake charr and brown trout may diversify their diets in response to
forage base changes.

MOCCETTI, P.1, AMUNDSEN, P.1, KNUDSEN, R.1, 1UiT The Arctic University of Norway.
Contrasting pattern in trophic niche evolution of polymorphic Arctic charr populations in two subarctic
lakes, northern Norway
ABSTRACT #25
The trophic niche (recent and time-integrated niche estimates) of polymorphic populations of Arctic charr was
investigated in two lakes in Northern Norway. The lakes, Tårnvatn and Skøvatn, have three and two morphs,
respectively. Since the two systems are very similar in environmental conditions and fish communities, comparable niches between similar trophic morphs across lakes were expected caused by parallel local evolutionary
process. Three methods were used to describe the niches: habitat choice and stomach content to estimate the
recent feeding behaviour, and time integrated methods like trophically-transmitted parasite communities and
stable isotopes (δ13C and δ15N) as proxies for the long-term trophic niches. The trimorphic Tårnvatn has one
littoral omnivorous (LO), one small-sized profundal benthivorous (PB), and a large-sized profundal piscivorous
(PP) morph, only reported once in the same region in Norway. In contrast, a novel charr variety was discovered
in Skøvatn: a small-sized profundal zooplanktivorous-morph (PZ). Compared to the sympatric LO-morph, the
PZ-morph have different SI-values and also contrasting parasite communities, including heavy infection by
copepod-transmitted Diphyllobothrium-parasites. The external morphology (i.e. large eyes and blunt snout) of
the PZ-morph resembles the deep-water benthivore charr (PB) from Tårnvatn and elsewhere in the region. The
results confirm and support the extreme variability of Arctic charr and add a new case (PZ-morph) to the list of
existent varieties of Salvelinus alpinus in northern Norway. Furthermore, the contrasting morph-patterns found
in Tårnvatn and Skøvatn show how evolutionary forces can create diverse solutions, even among systems with
apparently similar environmental and ecological conditions.
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HUDELSON, K.1, DREVNICK, P.2, MUIR, D.3, KOECK, G.4, SHEARON, R.1, GRGICAK-MANNION,
A.1, FISK, A.1, IQALUK, D.5, 1University of Windsor, GLIER; 2Alberta Environment and Parks; 3Environment
and Climate Change Canada; 4Institute for Interdisciplinary Mountain Studies, Austria; 5Hamlet of Resolute Bay
NU. A Threshold Crossed: Trends in Mercury concentrations in Arctic Charr (Salvelinus alpinus) and
Relationship to Climate
ABSTRACT #27
Fossil fuel emissions have both warmed the climate and increased deposition of contaminants, including
mercury (Hg) across the Arctic. Mercury deposition to high latitudes has led to accumulation of neurotoxic Hg
in traditional foods, compromising the quality of the subsistence diet of indigenous people. Several of the steps
in the Hg bioaccumulation pathway are sensitive to climate. The objective of this study was to determine if
climate variables are related to trends in Hg in landlocked Arctic charr (Salvelinus alpinus) in five lakes near the
community of Resolute Bay, Cornwallis Island, Nunavut. Charr were collected annually from five lakes by gill
netting or jigging through ice, immediately measured, dissected, and kept frozen prior to subsampling of skin
on filets and total Hg analysis by DMA or CVAAS. The resulting data set spans 27 years and includes 842 fish.  
Breakpoints in total Hg trends were detected in four of the five monitored populations in the year 2004 ± 3, with
three lakes increasing to the breakpoint and decreasing thereafter, and one lake decreasing and then increasing.
A strong statistical relationship between charr Hg and sea ice duration (+), summer rain (-), and spring temperature (+) was found; these climate variables likely influence Hg dynamics prior to and after bioaccumulation. The
similarity of breakpoint timing across lakes but with both increasing and decreasing trends demonstrates the
sensitivity of Arctic charr as monitoring targets and is indicative of a regime shift between climate drivers and
charr contaminant concentrations.

PARASITES & PREDATORS CONCURRENT SESSION
ADAMS, J.1,2,3, JONES, M.3, TRESKA, T.4, CHIPMAN, B.5, 1U.S. Geological Survey, 2Great Lakes Fishery
Commission, 3Michigan State University; 4U.S. Fish and Wildlife Service; 5Vermont Fish and Wildlife. Unseen
Wounds: Inferring Sea Lamprey Predation on Lake Trout from Marking Prevalence
ABSTRACT #85
Using field surveys to quantify fish injuries has an inherent bias: only fish that have survived their injuries are
observed. This presentation proposes an approach to estimate the unseen sea lamprey (Petromyzon marinus)
wounds on lake trout (Salvelinus namaycush) in the Laurentian Great Lakes. Before sea lamprey control
was initiated in the 1960s, invasive sea lampreys had decimated lake trout populations in the Great Lakes.
Currently, fishery independent surveys are conducted annually to assess lake trout rehabilitation.  Among other
measurements, captured lake trout are examined for evidence of sea lamprey attacks. Sea lamprey marks are
categorized according to whether the skin was pierced (indicating feeding) and the extent of healing. The
prevalence of these different categories of marks may be used to estimate lake trout mortality due to sea
lamprey attacks, if the following assumptions are made: (1) all unpierced lake trout survive, (2) pierced lake
trout that die from the attack do not do so immediately (such that all freshly marked lake trout are available to
be surveyed), and (3) the proportion of wounds with pierced skin is constant for a given size and morphotype
of lake trout.  The resulting sea lamprey predation estimates were then compared among different regions and
different lake trout morphotypes in the Laurentian Great Lakes and Lake Champlain (bordering New York,
Vermont, and Quebec).
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PATERSON, R.1, CABLE, J.1, KNUDSEN, R.2, 1Cardiff University; 2UiT The Arctic University of Norway.
Multiple stressor effects on European Arctic charr-parasite assemblages
ABSTRACT #82
Climate change is predicted to result in a range shift rather than geographical expansion of diseases, thus highlatitude fish populations may encounter increasing disease impacts. Furthermore, climate change is likely to
result in altitudinal range shifts of parasites and hosts, therefore comparisons of fish-parasite populations over
altitudinal gradients are essential. The European distribution of Arctic charr spans a temperate to Arctic climate,
providing a natural latitudinal gradient (53-71°N) to test how the cumulative effects of multiple stressors associated with climate change and anthropogenic stressor (e.g. water quality, agricultural intensity) alter host-parasite
interactions in freshwater ecosystems. Results suggest low-altitude Arctic charr populations maintain greater
parasite species richness and infection intensity than high-altitude populations, supporting the prediction that
high-altitude fish populations may face increasing disease pressures due to climate change and anthropogenic
stressors. This broadly applicable research also identifies which multiple-stressor combinations may be associated with shifts in parasite burdens in charr populations.

HENRIKSEN, E.1, SMALAS, A.1, AMUNDSEN, P.1, KNUDSEN, R.1, 1UiT The Arctic University of
Norway.
The association between parasite infection and growth in Arctic charr
ABSTRACT #124
Parasites occur in all animal populations and, by definition, have negative effects on their hosts. We explore
if there is an effect of high parasite intensities on individual fish growth. For Arctic charr (Salvelinus alpinus
(L.)), individual growth is positively correlated with food consumption. Increased food intake will enhance
exposure to trophically transmitted parasites, and heavy infections of such parasites are commonly observed in
large-sized Arctic charr. High abundance of parasites in the largest individuals seem paradoxical considering the
negative effects parasites may have on fish growth. The effect on individual growth depends on the cost of the
parasite and the energy assimilated from feeding on the intermediate host. Modelling studies suggest that even
moderate costly parasite species may give a positive growth of the host if the intermediate host is an energetic
valuable prey item. Here, we investigate infections of five species of trophically transmitted parasite species
in Arctic charr from five lakes within the same watercourse. These parasite species differ in their cost to the
host and infect Arctic charr either via valuable benthic macroinvertebrates or copepod intermediate hosts of
lower energetic value. We predict that intensity of “low-cost” parasites (e.g. Crepidostomum sp.) transmitted by
benthic macroinvertebrates will show a positive association with individual growth, while more costly parasites
transmitted by copepods (e.g. Eubothrium salvelini) will impair fish growth at high parasite intensities. Associations between individual diet, parasite infection and growth are explored and linear and non-linear relationships
are modelled.

26

FIRKUS, T.1, MURPHY, C.1, FISCHER, G.2, GOETZ, F.3, 1Michigan State University; 2University of
Wisconsin - Stevens Point; 3Northwest Fisheries Science Center, NOAA.
Effects of sea lamprey parasitism of reproduction of two lake trout (Salvelinus namayacush) morphotypes
ABSTRACT #91
Since their introduction into the Laurentian Great Lakes, sea lamprey have had serious negative impacts on
Lake Trout populations. Lake trout are a historically important species in the Great Lakes for commercial, subsistence, and sport fisheries as well as their role as a top predator.  Much research on the interactions between
sea lamprey and take trout has focused on estimating direct mortality on lake trout populations, but an estimated
45-75% of lake trout survive a sea lamprey parasitism event. A lake trout that has survived a severe sea lamprey
attack is likely to suffer health repercussions that may cause the fish to divert energy from normal physiological
processes including reproduction, but at present, little is known about these parasitism survivors and how they
are affected by a sea lamprey attack.  We examined the sub-lethal effects of sea lamprey parasitism by allowing
sea lamprey to parasitize individuals of two different lake trout morphotypes (lean and siscowet) for four days.  
For a year following parasitism, we monitored reproduction-related endpoints and growth. Parasitized male
lake trout from both morphotypes displayed reduced sperm concentrations one year following parasitism.
Siscowet females with A-type wounds had reduced egg production compared with controls or females with
B-type wounds, while parasitism status did not affect egg production for lean females.  Though these results
are preliminary, they suggest sea lamprey parasitism induced reproductive effects can have long term negative
consequences for lake trout populations.

MITRO, M.1, GRIFFIN, J.1, LARSON, W.2, TURNQUIST, K.2, 1Wisconsin Department of Natural
Resources, 2University of Wisconsin - Stevens Point.
Brook Trout and Salmincola edwardsii in Wisconsin: Observations of a charr parasite over the past
century
ABSTRACT #66
The ectoparasitic copepod Salmincola edwardsii have been documented infecting Brook Trout Salvelinus
fontinalis in Wisconsin streams since the late 19th century. Commonly referred to as gill lice, S. edwardsii are
typically attached to gill filaments and are readily visible to anglers. A perceived increase in the incidence of S.
edwardsii infection across the state and observations of an epizootic leading to declines in Brook Trout recruitment in Ash Creek, Wisconsin, raised concerns about the extent to which S. edwardsii threaten other populations of brook trout. Here we provide a history of S. edwardsii in Wisconsin over the past century; detail current
data on the presence, prevalence, and intensity of infection of S. edwardsii in Brook Trout streams across
Wisconsin; and discuss ongoing studies on modeling population-level effects of S. edwardsii infestations on
Brook Trout and on investigating a genetic basis for immunity to S. edwardsii infection. Salmincola edwardsii
were considered widespread across Wisconsin in the early 20th century and an issue of management concern
given their prevalence in state fish hatcheries and nearby streams. By the mid-20th century S. edwardsii were
still frequently observed but less of a priority for management than stream habitat restoration and angling regulations. Changing environmental conditions in recent years may be partly responsible for observed epizootics.
Survey data from 2013-2017 indicate S. edwardsii are present in over 80% of Wisconsin Brook Trout streams at
prevalence levels of 0.4−100%, but epizootics and recruitment limitations attributable to S. edwardsii appear to
be uncommon.
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MOVEMENT, BEHAVIOUR, & HABITAT

Dr. Thomas Binder

Senior Research Associate,
Department of Fisheries and Wildlife, Michigan State University

Tuesday, June 19th, 0900-0930

Lake Charr Movements, Behavior, and Habitat Use: Insights
Gained Over the Last Two Decades
BINDER, T.1, MARSDEN, E.2, KORNIS, M.3, RILEY, S.4, GOETZ, F.5,6, FARHA, S.4, BRONTE, C.3,
HELLSTRÖM, G.7, JOHN, G.8, KRUEGER, C.1.1MICHIGAN STATE UNIVERSITY; 2UNIVERSITY OF
VERMONT; 3U.S. FISH AND WILDLIFE SERVICE; 4U.S. GEOLOGICAL SURVEY; 5UNIVERSITY OF
WISCONSIN - MILWAULKEE; 6NOAA NORTHWEST FISHERIES SCIENCE CENTER; 7SWEDISH UNIVERSITY OF AGRICULTURAL SCIENCES; 8LAURENTIAN UNIVERSITY

Historically, conceptual models regarding movements, behavior, and habitat use in lake charr have been based
largely on egg and fry surveys, capture data, simple mark-recapture studies, and in the case of spawning
behavior, surface observations of behavior at shallow shoreline spawning sites. In the Laurentian Great Lakes,
lake charr were described as piscivors that roam the lake in search of prey, often returning to the same locations
each fall to spawn. In smaller inland lakes, lake charr were considered foraging generalists and the bulk of their
movements and habitat use was thought to reflect their post-glacial evolution, and a consequent need to seek out
cool-water refuge during warm summer months. Spawning was described as occurring over rocky substrates
in seemingly indiscriminant groups composed of one female and up to nine males. No nests were constructed,
and there was little evidence of agonistic or competitive behavior, a prominent feature of spawning in other
salmonines. Technological advancements over the past couple of decades, particularly those that allow tracking
of fish from early life stages (e.g., coded wire tagging and otolith microchemistry) and that provide continuous
or repeated observations for individual fish (e.g., underwater video and acoustic telemetry), have provided
important new insights into lake charr behavior and habitat use. In this presentation, recent advancements in
our understanding of lake charr movements, behavior, and habitat use are described, and expanded conceptual
models (i.e., hypotheses) are proposed that could serve as a basis for future research in this species.

PRESENTER BIO:
Thomas Binder is a senior research associate in the Department of Fisheries and Wildlife at Michigan State
University, with over 16 years of research experience on a wide range of fisheries-related topics including
movement ecology, physiological ecology, and behavior. For the past eight years, his research has focused on
movement ecology, habitat use, and reproductive behaviors of lake charr in the Laurentian Great Lakes, with an
emphasis on the use of acoustic telemetry to study behaviors at both fine and coarse spatial scales. He is also a
founding member of the Great Lakes Acoustic Telemetry Observation System (GLATOS), a network designed
to facilitate sharing of equipment, knowledge, and data among researchers conducting acoustic telemetry
projects in the Great Lakes.
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Dr. Paul Vecsei

Biologist, Photographer, and Illustrator

Tuesday, June 19th, 1730-1830

Deep in the Charr World
VESCEI, P.

Ichthyologists can use underwater photography to document charr in their natural environment and convey
information about their behaviour, life history and anatomy. A good underwater fish photograph is thus a multifaceted, cross disciplinary aid. Its use is wide ranging and includes research papers, journals, and fish related
websites. Over time, I tried becoming innovative and going beyond a simple factual recording of the moment. I
soon learned that photographing charr underwater is fraught with difficulty. In water, you are at the mercy of the
elements, the situation, luck and split seconds to compose an image worthy of art. Illustrating charr has been a
decade long undertaking. The purpose of my illustrations is to show sexual dimorphism and gross morphological variation at different life stages and the inter- and intraspecific variation throughout the world of charrs. I use
a combination of colour techniques through a mixed media approach to achieve realism. Scientific illustration is
a language of science so hyper-realism is secondary to emphasis of meristic and morphometric information. Art
is defined as something created with imagination and skill and that is beautiful or that expresses important ideas
or feelings. I leave it up to the viewer whether my charr renderings fall into this category.

PRESENTER BIO:
Paul obtained BA with specialization in geography and a BSc in biology in 1997 followed by an M.Sc. at the
University of Guelph, Canada in 2000. In 2011 he obtained his Ph.D from University of Georgia. He spent the
following years working with Golder Associates Ltd. In Yellowknife, Northwest Territories, Canada where
he studied the diversity and taxonomy of coregonines within the Great Slave Lake basin. He also worked on
migration and habitat use associated with various life stages of coregonines and charrs in sub-Arctic and Arctic
environments in Nunavut and the Northwest Territories. Paul specializes in scientific illustrations of charrs and
has had an almost decade long project illustrating the inter- and intra-specific diversity within the genus Salvelinus for Fisheries and Oceans Canada (DFO). His most recent renderings are published in Marine Fishes of
Arctic Canada edited by B. Coad and J. Reist. He is also a reputed underwater photographer whose images have
been published in numerous journals and magazines including Fisheries, National Geographic, and Patagonia.
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MOVEMENT, BEHAVIOUR, & HABITAT PLENARY
GOETZ, F.1,2, SITAR, S.2, JASONOWICZ, A.3, SEIDER, M.4, 1University of Wisconsin - Milwaukee;
2
Northwest Fisheries Science Center, NOAA; 3University of Washington - Seattle; 4U.S. Fish and Wildlife
Service.
Depth and temperature selection of lean and siscowet lake charr in Lake Superior revealed by popup
satellite archival tags
ABSTRACT #55
In Lake Superior there are several lake charr (Salvelinus namaycush) ecotypes including leans and siscowets
that are separated on the basis of morphometry, lipid levels and bathymetry. While the seasonal bathymetry of
leans has been described from implanted archival tags, it is unknown for siscowets. We used pop-up satellite
archival tags (PSATs) that collected data every 4 minutes to characterize the bathymetric behavior of wild
leans and siscowets throughout the year in Lake Superior. Since the PSATs recorded light and temperature, we
could also compare depth selection behavior with light and water temperature. We found that leans selected
depths that were generally <50m throughout most of the year while siscowets were frequently found at depths
>100m. However, siscowets also exhibited extensive vertical migrations; moving from the bottom towards the
surface at times >200m in distance and these vertical migrations frequently occurred at night. In the spring, we
also observed some siscowets that remained at the surface for up to a month regardless of light levels. In the
summer, leans were found in water up to 15°C and from January-April they remained shallow in water that
averaged 0°C. In contrast, siscowets did not inhabit water above 11°C. Siscowets are hypothesized to move
vertically in relation to coregonid prey movements and some of the vertical movements we observed with
PSATs support this. However, siscowet depth selection behavior is complex and we hypothesize that these
depth behaviors are opportunistic and related to feeding on various food sources.
RIDGWAY, M.1, BELL, A.1, SMITH, D.1, LACOMBE, N.1, TAYLOR, C.1, 1 Harkness Laboratory of
Fisheries Research Aquatic Research and Monitoring Section, Ontario Ministry of Natural Resources.
Habitat Occupancy Patterns of Co-existing Lake Trout and Brook Trout during Lake Stratification.
ABSTRACT #43
Brook Trout (Salvelinus fontinalis) and Lake Trout (S. namaycush) co-occur in many lakes throughout the
northern tier of their distributions. Generally, these populations are found in lakes too big for detailed 3D
acoustic tracking as a means of assessing habitat occupancy.  Here we describe a depth-stratified random netting
survey utilizing short duration gillnet sets (1 hour duration) in several large lakes in Algonquin Park with both
species. The multi-pass surveys are used to model habitat occupancy based on several models that partition
detection from presence including the Royle-Nichols (abundance = heterogeneity) and Royle count model. Our
purpose is to determine the extent of habitat overlap using several covariates and whether or not this matches
with published temperature preferences for these species. The extent to which their respective lake distributions
aligns with their Fry Curve (aerobic scope as a function of temperature) is used to determine if both species
are occupying lake habitat based on maximizing aerobic scope - a field test over a laboratory approach to the
question.  Early results point to occupancy of the thermocline ecotone during lake stratification as a key element
in habitat selection.
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HOOKER, O.1, ADAMS, C.1, 1University of Glasgow.
Differential habitat use by sympatric profundal and littoral specialist morphs of Arctic charr, Salvelinus
alpinus, in a Scottish lake.
ABSTRACT #102
The divergence of lake-dwelling, alternative specialist foraging forms of Arctic charr living in sympatry, has
been relatively widely reported across its range. Most frequently, alternative specialist foraging specialist forms
manifest as plankton and littoral macrobenthos feeders. Differential habitat use in lakes is frequently inferred
from diet and/or capture site. However Arctic charr are mobile animals and have the locomotory capacity
to move between habitat types over short time periods. In this paper we will present data from an acoustic
telemetry study that tracked the actual diurnal and seasonal pattern of habitat use of specialist profundal and
plankton feeding morphs in Loch Dughaill, north-western Scotland. Despite the relatively small size of this
lake, the depth range and spatial extent of habitat use by the two morphs was highly discrete with almost no
spatial overlap between morphs during summer. The pattern of spatial segregation however broke down during
spawning where the two morphs utilised similar kinds of spawning habitat. The results are discussed in the
context of the maintenance of the divergence of specialist forms and the possibility of between-morph hybridisation.

QUINLAN, H.1,BOONE, E.1, 1U.S. Fish and Wildlife Service.
An examination of coaster brook trout life history diversity at Isle Royale National Park, Michigan.
ABSTRACT #143
Brook trout (Salvelinus fontinalis) at Isle Royale National Park, Michigan, exhibit life history diversity in the
form of lake dwelling and migratory coasters as well as stream resident populations. Isle Royale supports the
largest populations of coaster brook trout in U.S. waters of Lake Superior. The abundance, movement, and
population characteristics have been examined in lake dwelling and migratory populations. Shoreline index
surveys over a 16-year time period were used to examine population trends over time and evaluate fish harvest
regulations. Catch per unit effort (CPUE) at peak abundance ranged from 1 to 23 brook trout per kilometer with
a mean of 6.6 ± 1.5 fish/km, in Tobin Harbor, and from and from 0-4 brook trout per kilometer in Washington
Harbor. Distribution and range of coaster brook trout at the island was examined using PIT tags and radio
telemetry. Coaster brook trout are an iconic species at the island National Park and the management and protection of these vulnerable populations is a priority of federal and state fishery management agencies.
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MAGNAN, P.1, PÉPINO, M.1, 1Université du Québec à Trois-Rivières, Québec.
Mechanism under thermoregulation behaviors allowing cold-water fish to exploit feeding habitats during
warming periods
ABSTRACT #86
Previous studies done with radio telemetry showed that brook charr, Salvelinus fontinalis, exhibit daily vertical
migrations between the metalimnion and epilimnion in a Canadian Shield lake. Excursions into the epilimnion,
assumed to be feeding forays, decreased in frequency when the mean daily epilimnion temperature was above
22.4°C. We further hypothesized that the duration of these excursions is determined by the rate coefficient (k),
defined as the instantaneous rate of change in body temperature in relation to the difference between ambient
and body temperature. In this context, the higher the epilimnion temperature, the more rapidly the individuals
will reach their upper tolerance temperature (e.g., 22.4°C) and the shorter an excursion into the epilimnion will
be. We first modelled heat transfer in brook charr equipped with internal temperature-sensitive transmitters in
controlled laboratory experiments. We found that the k-coefficient was a function of the absolute temperature
difference between the transfer tanks. By simulating body temperature in a heterogeneous thermal environment, we provided theoretical predictions of maximum excursion durations between feeding and resting areas.
Our simulations suggest that short excursions (i.e., < 60 min) could be a strategy adopted by cold-water fish
to exploit their feeding habitats during periods of unfavourable thermal conditions. In a second step, we used
acoustic telemetry to track individual brook charr equipped with transmitters that provided data on the fish’s
internal temperature, pressure, and positioning every minute. This step was used for a field test that the duration
of these excursions is determined by the rate coefficient.

MOVEMENT, BEHAVIOUR, & HABITAT CONCURRENT SESSION
MACKERETH, R.1, 1Centre for Northern Forest Ecosystem Research, Ontario Ministry of Natural Resources
and Forestry.
The Influence of Terrestrial-Aquatic Linkages on Thermal Variability and Brook Charr Distribution in
Boreal Streams
ABSTRACT #57
Summer surface water temperature in boreal streams can exceed the thermal tolerance for brook charr
(Salvelinus fontinalis) indicating that areas of thermal refugia are required for these populations to persist. We
examined the influence of spatial and temporal thermal variability in streambed temperature on the distribution
of brook charr. In the summer, streambed temperatures within a reach varied spatially as much as 12 °C with
the cold temperatures, associated with lateral groundwater inputs from the terrestrial riparian area, driving the
variability. Streambed temperature loggers showed that locations with groundwater inputs had significantly
less diurnal temperature variation and were significantly cooler in the summer (Jun-Oct) and warmer in the
winter (Nov-Apr) relative to other areas in the stream.  Electrofishing and underwater video surveys indicated
that brook trout occupation of areas with cool water inputs was significantly greater than other locations when
stream surface water exceeded the optimal thermal level. To help protect critical brook charr habitat we have
developed GIS-based models to predict the location of terrestrial-aquatic linkage areas associated with temperature variability. These models are used to help plan for protection of terrestrial-aquatic linkages during forest
management operations and plan for conservation efforts to mitigate potential impacts of climate change.
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PÉPINO, M.1, MAGNAN, P.1, 1Université du Québec à Trois-Rivières, Québec.
Do thermal barriers in summer enhance winter foraging opportunities in lacustrine brook charr? First
evidence from acoustic telemetry
ABSTRACT #116
Elevated temperatures in the epilimnion of dimictic lakes during summer could substantially reduce the use
of rich feeding areas in the littoral zone by cold-stenothermic fish like brook charr, Salvelinus fontinalis. This
thermal barrier effect is expected to increase in the future due to climate change. Although brook charr must
cope with this thermal constraint through thermoregulatory behaviours, we hypothesized that limitations on
accessibility to the littoral zone during summer would enhance foraging opportunities during winter. We used
acoustic telemetry in a dimictic Canadian Shield lake to track individuals equipped with internal transmitters that provide data on body temperature, depth, and positioning every minute. We found that habitat use is
primarily constrained by temperature during summer, when individuals concentrate near the central part of the
lake (i.e., the pelagic zone) or undertake short excursions to the littoral zone. In winter, most of the individuals shift to littoral areas that were unexploited during summer. Our results suggest that thermal barriers create
resource waves (i.e., ephemeral foraging opportunities that change over space and time) that lacustrine brook
charr are able to track across seasons. We anticipate that thermoregulatory behaviours and the “winter pantry”
induced by summer thermal constraints could mitigate the negative impacts of climate change on allopatric
charr species.

SMITH, D.1, RIDGWAY, M.1, JACKSON, D.2, 1Harkness Laboratory of Fisheries Research, Ontario Ministry
of Natural Resources and Forestry; 2University of Toronto.
Thermal Habitat Selection of Brook Trout in Algonquin Park
ABSTRACT #37
Temperature affects the habitat selection of many freshwater fishes as it controls important physiological
processes such as growth and metabolism. Many species face potential threats with regards to rising temperatures and cold-water species including Salvelinus fontinalis are thought to be particularly vulnerable to thermal
habitat loss and species invasions. Much of what is known regarding Brook Trout thermal habitat consists of
publications estimating upper temperature thresholds and optimal or selected temperature within experimental
settings. There are few reports of adult thermal selection in the field and those which exist are on small spatial
scales. Broadening our understanding of thermal selection beyond laboratory experiments and localised field
observations is necessary to accurately identify and conserve important thermal habitat for this and other potentially threatened species. I first discuss past literature on Brook Trout thermal habitat in order to summarize
our current understanding. I then discuss field-based estimates of thermal selection, from 38 Algonquin Park
lakes collected over 2011-2017, which are used to define thermal habitat boundaries for Brook Trout. Thermal
habitat use of juvenile Brook Trout was found to match that of the past laboratory literature which controlled
for acclimation. Temperatures used by adults however were found to be colder than juveniles showing that there
are ontogenetic differences in thermal habitat use by Brook Trout. Lake volumes derived from our populationlevel thermal habitat boundaries correlate well with Brook Trout population estimates, suggesting these thermal
boundaries to be appropriate for management.
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MIDDEL, T.1, RIDGWAY, M.1, BELL, A.1, LACOMBE, N.1, TAYLOR, C.1, 1Harkness Laboratory of
Fisheries Research, Ontario Ministry of Natural Resources.
Telemetry derived availability of Lake Trout and Brook Trout to benthic sampling gear.
ABSTRACT #93
Landscape scale assessment of lake dwelling Lake Trout (Salvelinus namaycush) and Brook Trout (Salvelinus
fontinalus) populations rely heavily upon index netting methods that generally utilize benthic sampling gear
such as gillnets. These methods typically correlate catch per unit effort (CUE) to population density or size
through relationships developed via mark-recapture studies, or more recently, take advantage of multi-pass
survey methods to derive population densities via occupancy analysis. Underlying the CUE approach is an
assumption that the availability of the target species to the gear is consistent across lake sizes, fish community
types, and sampling periods while the occupancy approach requires availability to convert estimates of the
sampled population to lakewide density estimates. Here we describe telemetry studies undertaken on two lake
trout and three brook trout lakes primarily in Algonquin Park using Vemco Positioning Systems (VPS). An
objective of these studies was to determine the availability of Lake Trout and Brook Trout to benthic index
gillnets thereby allowing us to produce availability corrected lake wide population estimates from multi-pass
netting surveys through occupancy analyses for a number of lakes across the Algonquin Park landscape. We
describe here the availability of Brook Trout and Lake Trout to benthic gillnets in the context of lake size, fish
community, and seasonal timing. We also examine the influence that variation in availability may have upon
population estimates.

HARRIS, L.1, MOORE, J.2, YURKOWSKI, D.3, GILBERT, M.4, ELSE, B.5, TALLMAN, R.1, BERNATCHEZ, L.2, FISK, A.5, 1Fisheries and Oceans Canada, 2Université Laval, 3University fo Manitoba; 4University
of British Columbia; 5University of Calgary.
Seasonal, diel, and environmental drivers of depth and temperature preference of Arctic char, Salvelinus
alpinus, in the Kitikmeot Sea: a shallow and low salinity portion of the Canadian Arctic Ocean
ABSTRACT #65
Understanding how animal movement patterns and habitat use change with changing environmental conditions
is crucial for understanding potential responses to climatic perturbations. Indeed, the climate of the Arctic is
changing at unprecedented rates yet predicting how Arctic species will respond to these changes remains challenging given the lack of empirical data for most species. Here, factors influencing marine habitat use and depth
preference of Arctic char, Salvelinus alpinus, within the Kitikmeot Sea region of the Canadian central Arctic
were studied using acoustic telemetry. Between 2013-2015, a total of 30 downstream-migrating anadromous
Arctic char were tagged with acoustic transmitters equipped with depth/temperature sensors and subsequently
tracked over four years using a fixed-receiver array within the Cambridge Bay region of Nunavut. The vast
majority of detections were within the top three meters of the water column and most detections were in
estuarine (vs. marine) habitats. There was a significant relationship between depth preference and date such
that Arctic char preferred deeper waters later in the summer and most Arctic char exhibited repetitive diving
behaviour with some individuals diving as deep as 35 meters. We interpret these results as reflecting the depth
their main prey items occupy. Finally, results of linear mixed-modelling indicate that Arctic char preferred
deeper waters during the day suggesting diel patterns to marine habitat use. Overall, these results increase our
understanding of the drivers of habitat use in Cambridge Bay Arctic char, and will contribute to predicting the
impacts of a changing climate on this species.
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FAUST, M.1, VANDERGOOT, C.2, HOSTNIK, E.3, BINDER, T.4, MIDA HINDERER, J.5, IVES, J.6,
KRUEGER, C.4, 1Ohio Division of Wildlife; 2U.S. Geological Survey; 3The Ohio State University; 4Michigan
State University; 5Great Lakes Fishery Commission; 6University of Windsor.
Use of electricity to sedate lake trout for intracoelomic implantation of electronic transmitters
ABSTRACT #6
Use of telemetry data to inform fisheries conservation and management is becoming increasingly common; as
such, fish typically need to be sedated before surgical implantation of transmitters in the coelom. Given that
no widely available, immediate-release chemical sedative currently exists in North America, we investigated
the feasibility of using electricity to sedate Lake Trout Salvelinus namaycush long enough for an experienced
surgeon to implant an electronic transmitter (i.e., 180 s). Specifically, our study objectives were to determine
1) whether some combination of electrical waveform characteristics (i.e., duty cycle, frequency, voltage, and
pulse type) could sedate Lake Trout for at least 180 s, and 2) if Lake Trout sequentially exposed to continuous and pulsed direct current had greater rates of spinal injuries and short-term mortality than control fish. A
Portable Electrosedation System unit was used to sedate hatchery and wild lake trout. Dual-frequency pulsed
direct current and two-stage approaches successfully sedated lake trout, and had similar induction and recovery
times. Lake trout sedated using a two-stage approach did not have significantly different survival rates or spinal
abnormalities than control fish. We concluded that electricity was a viable alternative to chemical sedatives
for sedating Lake Trout before surgically implanting an electronic transmitter, but suggest that Lake Trout and
other closely related species (e.g., Arctic Char Salvelinus alpinus) may require morphotype-specific electrical
waveforms due to their morphological diversity.

MULDER, I.1, MORRIS, C.2, DEMPSON, B.2, FLEMING, I.3, POWER, M.1, 1University of Waterloo;
Fisheries and Oceans Canada; 3Memorial University.
Temperature and body size shape diel activity patterns in overwintering anadromous Arctic charr
ABSTRACT #114
2

Anadromous Arctic charr, Salvelinus alpinus, migrate back to freshwater in late summer to spawn and/or
overwinter. Upon freshwater entry, feeding is reduced or absent, and movement activity is restricted. While the
seasonal movement patterns are generally understood, specifics of the short temporal activity patterns remain
poorly characterized. This study used acoustic and archival telemetry data to describe the diel activity patterns
of overwintering anadromous Arctic charr. The species displayed diurnal activity patterns throughout the overwinter residency period, likely driven by prey and light availability in the upper water column where daylight
facilitates foraging efficiency by increasing the likelihood of prey capture. Movement activity was found to
be positively correlated with water temperature in fall, but negatively correlated in winter and spring. Larger
individuals were found to be more active in the fall compared to smaller individuals, whereas in spring, smaller
fish were observed to be more active at cooler water temperatures compared to larger fish. Data point to both
consistent and more varied diel activity patterns than previously thought, with among-individual differences
in energy requirements and metabolic rates appearing to account for a significant proportion of the observed
variation in overwinter diel activity.
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MALLEY, B.1,2, HARRIS, L.1, MOORE, J.3, ROTH, J.2, TALLMAN, R.1, 1Fisheries and Oceans Canada;
University of Manitoba; 3Université Laval.
Freshwater Movements of Anadromous Arctic Char (Salvelinus alpinus) from the Ekalluk Drainage
Basin (Victoria Island, NU) Revealed by Acoustic Telemetry
ABSTRACT #104
2

Anadromous Arctic Char, Salvenlinus alpinus, has played a vital role in sustaining the traditional Inuit way
of life for millennia and has become the focus of commercial fisheries in several Nunavut communities. In
the Cambridge Bay region, the economic contribution of Canada’s largest Arctic Char commercial fishery is
substantial for both the local and territorial economy. For the past 40 years, the management of Arctic Char
has relied primarily on analysis of trends in biological characteristics. Recently, the integration of abundance
estimate techniques, population genetics and marine acoustic telemetry has advanced our understanding of the
evolutionary ecology and life history. However, a limited understanding of the freshwater portion of their life
cycle remains. Objectives of this study are to determine (1) where Arctic Char spawn and overwinter, (2) their
winter movement activity level, (3) the timing of migrations within freshwater environments, and (4) the environmental and biological drivers that impact these. To address these unknowns, 347 anadromous Arctic Char
were surgically implanted with acoustic transmitters between 2013 and 2017 to be used in combination with
an acoustic array (33 receivers) in the Ekalluk River Drainage Basin (ERDB). Tagging was completed at five
spawning locations in the ERDB and three commercially fished rivers, all of which are purported to utilize the
ERDB for spawning/overwintering. The results of this study will further our understanding of Arctic Char life
history, subsequently aiding in managing and conserving a highly valued species that will ultimately be faced
with the rapidly encroaching changes in the Arctic.

NEIBAUER, J.1, 1U.S. Fish and Wildlife Service.
Central Washington Bull Trout: Making Critical Connections
ABSTRACT #134
Washington State’s native char the Bull Trout Salvelinus confluentus exhibit a range of migration patterns and
diverse life history strategies. Bull Trout captured and monitored in multiple projects and over multiple years,
in the Central Washington portion of the Columbia River Basin revealed distinct movement patterns in the
tributary, Core Area, and geographic region. The goal of summarizing this population information was twofold,
1) to understand migratory behavior within and among local populations, and 2) to assist with recovery under
the Endangered Species Act (ESA). Bull Trout were tagged with radio and passive integrated transponder (PIT)
tags and tracked across multiple foraging, migration, and overwintering areas and back and forth to spawning/
rearing habitat. Bull Trout exhibited multiple patterns and life histories within the same Core Area, migrated
long distances outside their Core Areas, and encountered multiple threats along the way. Bull Trout and their
critical habitat are listed under the ESA in Idaho, Montana, Nevada, Oregon and Washington in the United
States. Population monitoring has allowed the U.S. Fish and Wildlife Service to use the best science to assist in
the implementation of the ESA and to develop population specific approaches to conservation.
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BERNALL, S.1, DUFFY, K.1, 1Avista.
Reconnecting Bull Trout Populations in the Lower Clark Fork River, Montana and Idaho
ABSTRACT #125
Upstream migrations of adfluvial Bull Trout Salvelinus confluentus in the lower Clark Fork River–Lake Pend
Oreille system have been blocked by three mainstem dams constructed between 1913 and 1959. Avista, in
collaboration with stakeholder groups, began implementing a Bull Trout transport program in 2001 with a
goal of re-establishing connectivity between Lake Pend Oreille and Montana spawning tributaries upstream
of these dams.  Since 2004, rapid-response genetic testing of fin tissue samples has been used to determine the
most likely tributary of origin for adult Bull Trout captured downstream of Cabinet Gorge Dam, and to inform
decisions on where to transport these pre-spawn adults. This is important because migratory populations exist
in each of the four areas fragmented by the three dams and a fish passage facility currently exists at only the
upstream-most dam. From 2001 through 2017, a total of 576 adult Bull Trout captured downstream of Cabinet
Gorge Dam, Idaho, have been transported upstream to release locations in Montana.  Many of these fish have
been observed entering tributaries during the spawning season, and successful spawning has been confirmed
through genetic testing. In addition, all Bull Trout greater than 100 mm captured in the lower Clark Fork River
drainage are implanted with Passive Integrated Transponder (PIT) tags. Subsequent recaptures and detections
have informed numerous studies and provided valuable insight regarding Bull Trout movements, survival,
growth, and behavior in the lower Clark Fork River. This talk will highlight some of the behaviors observed
from Bull Trout following upstream transport.

CHONG, S.1, JONES, N.2, HALBISEN, M.3, WILSON, C.4, 1Upper Great Lakes Managment Unit, OMNRF;
River and Stream Ecology Lab, OMNRF; 3Michigan State University; 4Aquatic Biodiversity and Conservation
Research Unit, OMNRF.
Recovering populations of river-spawning lake trout (Salvelinus namaycush) in Lake Superior: a Great
Lakes rehabilitation success story.
ABSTRACT #119
2

Before the mid-20th century collapse of lake trout populations across the Laurentian Great Lakes, several
populations in northeastern Lake Superior were known to use rivers for spawning. River spawning behaviour
is highly unusual for lake trout, and is otherwise only known from Arctic populations. During their collapse in
the 1950s along with other Lake Superior populations, provincial biologists in Ontario collected gametes from
river-spawning lake trout in the Dog and Pukaskwa Rivers and used them to stock an inland chain of lakes
to establish a refuge population for future rehabilitative stocking. Wild spawn collections from these lakes
were used to establish the Mishibishu hatchery strain, which was stocked into the Dog and Montreal Rivers
(Lake Superior) from 1956 to 1977. Fieldwork in 1977  confirmed ripe fish in the Dog River, and assessment
over the past decade has documented the occurrence and spawning of lake trout in both rivers. Recent egg
sampling efforts in the Dog River have collected eggs up to the first impassible barrier, and genetic testing has
confirmed that most were from lake trout.  Genetic analysis (microsatellite genotyping) of lake trout captured in
the Montreal and Dog Rivers has shown that these fish are closely related to the Mishibishu strain and clearly
distinct from all other provincial hatchery strains, as well as several US strains that were included for comparison. The rescue and re-establishment of the unique river spawning Lake Superior populations are a significant
success story for lake trout rehabilitation in the Great Lakes.
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KEYLER, T.1, HRABIK, T.1, ROGERS, L.1, MENSINGER, A.1, GORMAN, O.2, 1University of Minnesota Duluth; 2U.S. Geological Survey.
Foraging mechanisms of siscowet lake trout (Salvelinus namaycush siscowet) on the benthic deepwater
sculpin (Myoxocephalus thompsonii): effect of light intensity and substrate type on predator-prey interactions
ABSTRACT #64
The foraging characteristics of siscowet lake trout (Salvelinus namaycush siscowet) in response to deepwater
sculpin (Myoxocephalus thompsonii) were studied under ecologically relevant light intensities and on varying
substrates (pea gravel, sand, and black fabric). We also determined the response of sculpin to siscowet predators
at varying light intensities and substrates. Siscowet reaction distance increased with increasing light intensity
up to 6.0×109 photons m-2 s-1 thereafter remaining constant, but was not affected by substrate type. When
compared to pelagic prey data, average reaction distances were lower at each light intensity for benthic prey.
Prey capture increased with increasing light intensity and a strong correlation was found between the overall
probability of prey capture and siscowet reaction distance at corresponding light intensities. Siscowet reaction
distance to deepwater sculpin was not significantly different between 60° increments along the siscowet midline
(forward, lateral or rear visual sectors) and siscowet remained active at all non-zero light levels. Finally, a predictive model for reaction distance to benthic prey was successfully developed to determine reaction distances
for siscowet in various photic environments. Comparatively, deepwater sculpin reaction distance was affected
by both light intensity and foraging arena substrate. Sculpin reaction distance to siscowet showed a parabolic
trend with increasing light intensity characterized by suppressed reaction distances in the dark, peaking at
mid-range light intensities and declining again at the upper tested light intensities. Study results indicate prey
morphology, behavior and habitat may affect foraging by predators and ultimately, foraging success.
KEYLER, T.1, HRABIK, T.1, MATTHIAS, B.1, 1University of Minnesota - Duluth.
Delineating siscowet visual foraging habitat as determined by light intensity: A light model for Lake
Superior
ABSTRACT #75
Light-mediated diel foraging patterns in fishes are often correlated to depths or times of equal light intensities, representative of a preferred range of light. It is theorized that a fish’s foraging arena could be delineated
if the light intensity preference of a species is known and if the other limiting abiotic factors (e.g. oxygen,
temperature) and biotic factors (e.g. prey/predator density) are considered. Using daily and seasonal solar/lunar
patterns, we describe a model used to determine how visual foraging habitats change: i) daily based on solar and
lunar intensity values and ii) seasonally via changes in maximum solar and lunar altitude and iii) with increased
turbidity that may occur with climate warming. Solar radiation varied seasonally which allowed for the deepest
foraging depths in summer, followed by spring, fall and winter, respectively. Contrastingly, the greatest lunar
foraging depths occurred during winter compared to summer with the shallowest foraging depth. Similarly, the
greatest forage volumes and forage windows based on solar radiation occurred in summer, while the minimal
values were associated with the winter season. Lunar radiation allowed for the greatest siscowet forage volume/
window in the winter, and lowest values in the summer. Finally, with greater attenuation values (k) associated
with lake turnover and the Duluth/Superior harbor, max. siscowet depths were reduced to 65% and 80% (when
compared to normal lake attenuation values). Empirical trawl and acoustics data from Lake Superior corroborate our model predictions suggesting siscowet visual foraging habitat changes on a daily and seasonal scale.
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ADAMS, C.1, HUCKINS, C.1, MARCARELLI, A.1, ZORN, T.2, QUINLAN, H.3, 1Michigan Technological
University; 2Michigan Department of Natural Resources; 3U.S. Fish and Wildlife Service.
Pilgrim River Brook Charr Movement and Survival Study
ABSTRACT #39
The migratory life-history form of Brook Charr, Salvelinus fontinalis in Lake Superior, referred to as Coasters,
flourished until the late 1800s to early 1900s. Today they are known to persist in a small number of tributaries
around the basin.The Pilgrim River, Houghton County Michigan, is one of eight Lake Superior tributaries in
Michigan where restricted harvest regulations have recently been implemented in a regional effort to restore
Coaster populations. Though the Pilgrim River is known to support a robust Brook Charr population, data on
movements in and out of the river did not exist so it was unknown if the Coaster life history was present. We
implemented a PIT tagging study to monitor movement within and out of the Pilgrim River by deploying four
in-stream antenna stations at key locations in the watershed. Since 2014, approximately 450 Brook Charr have
been tagged ranging from 15cm to over 40cm in total length. We have documented extensive movements by individuals of up to 14 river kilometers and substantial movements in and out of the river. At least 20 individuals
have been tracked making the complete late fall-winter outmigration and adfluvial spring return suggesting they
are displaying the Coaster life history. Habitat parameters such as stream flow and temperature will be used to
build models for predicting movement and seasonal survival will be estimated using mark-recapture modeling.
This information is critical to justify harvest restrictions and inform other population enhancement efforts in the
Pilgrim River as well as other Lake Superior tributaries.

PERRIN, S.1, O’HARA, R.1, AMUNDSEN, P.2, BLUMENTRATH, S.3, 1Norwegian University of Science
and Technology; 2UiT The Arctic University of Norway; 3The Norwegian Institute for Nature Research.
Predicting the effects of biological invasions on freshwater fish communities in the face of climate change
ABSTRACT #152
Climate change and biological invasions are two of the greatest threats to ecosystems worldwide. Arctic and
sub-arctic freshwater ecosystems are particularly susceptible to such threats, as elevated rates of climate change
in these regions will likely restrict the available physical space for some fish species, whilst simultaneously
allowing successful invasions of other more warm-tolerant species. This could lead to the extirpation of local
species, which could then cascade down the food chain, having wider-ranging effects on the local ecosystem.
Whilst there is a wealth of research on the effects of a warming climate on species distributions, assessing the
combined threats to community composition of biological invasions and rising temperatures presents more
of a challenge, and current literature lacks the use of community based models in assessing the effects of
multiple simultaneous environmental variables. The use of natural environmental gradients such as elevation
or latitude to infer anthropogenic effects such as climate change is a pragmatic design used to circumvent the
need for long-term climate studies. Here, we analyse the effects of the introductions of alien species, namely the
European perch (Perca fluviatilis) and northern pike (Esox lucius) in the face of climate change on native Arctic
charr (Salvelinus alpinus) populations, using joint species distribution modelling. With the aforementioned
dearth of research into community-wide effects simultaneously exploring interactions across taxa and fluctuations in abundance in response to environmental variables, we used recently developed hierarchical models to
show community-level responses to increases in temperature and biological invasions whilst accounting for
other environmental variables.
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GENETICS & EVOLUTION / TAXONOMY & SYSTEMATICS
CONCURRENT SESSION
CANTERA, K.1, 1University of Guelph.
Genetic and plasticity influences on the brain morphology of brook trout (Salvelinus fontinalis) differing
in foraging style
ABSTRACT #137
Understanding the mechanisms involved with phenotypic diversification within populations remains a significant challenge. Differences in behaviour are commonly hypothesized to be associated with genetic or plastic differences in morphology. We tested the degree to which differences in brain morphology in brook charr (Salvelinus fontinalis) are shaped by genotypic differences and phenotypic plasticity. Young-of-the-year brook charr
in still water pools along the sides of streams display distinct foraging styles. Some individuals are sedentary,
feeding on crustacean prey from lower part of the water column, while other individuals are active, feeding on
insect prey near and at the water surface. Sedentary individuals have a smaller telencephalon, the portion of
the brain involved in space use, than active individuals. Recently emerged individuals from 24 families derived
from migrant, or migrant and resident grandparents collected from Lake Superior were raised in environmental
conditions requiring individuals to adopt a sedentary or an active foraging style for three months, after which
the relative volumes of key regions of an individual’s brain were quantified. Preliminary results revealed that
telencephalon volume differed significantly between offspring from different cross types, but not offspring
from the same family reared in different environmental treatments, suggesting genetics had a larger affect than
plasticity on telencephalon size. These findings should improve our understanding of the proximate mechanisms
influencing the divergence of behaviour and brain morphology within wild populations of fish.
ZYMONAS, N.1, DEHAAN, P.2, BOHLING, J.2, 1ODFW - Corvallis Research Lab; 2U.S. Fish and Wildlife
Service.
Genetic characteristics of Bull Trout in the Upper Willamette Basin and implications for dam passage,
reintroduction, hybridization, and recovery
ABSTRACT #161
Habitat fragmentation and overall diminished abundance of bull trout present conservation genetics considerations regarding potential inbreeding or outbreeding effects, raising the need for genetic analyses and monitoring at smaller geographic scales. In the upper Willamette Basin, genetics concerns stemmed from the decline in
overall abundance, reduction to just three local spawning populations, fragmentation by impassible dams, hybridization with brook trout, and efforts aimed at reintroduction and provision of upstream passage at dams.  In
response, management agencies implemented a basin-wide genetic analysis and subsequent genetic monitoring
program. Measures of genetic diversity have remained relatively stable but some populations have low levels
that could threaten viability. The spawning population in the South Fork McKenzie River is genetically unique
with no detected gene flow from other populations.  Translocations of bull trout from the stronghold population
(Anderson Creek) to other tributaries contributed to patterns of genetic diversity across the remainder of the
basin. Although genetic diversity may be low within weekly or annual translocation groups, the refounded
Middle Fork Willamette River population had high genetic diversity and included genetic contribution from
multiple populations.  Population assignments for bull trout captured at fish passage facilities provided information to better guide decisions on passing bull trout upstream at dams where downstream passage presents high
risk of injury.  Analyses indicated a low level of hybridization, potentially influenced by life history characteristics. At a larger scale, genetics analyses grouped these populations with coastal rather than interior populations
and this carries implications regarding potential future ESA de-listing.
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BRACHMANN, M.1, SKÚLASON, S.2, PARSONS, K.3, FERGUSON, M.1, 1University of Guelph; 2Holar
University College, 3University of Glasgow.
Parallelism of morphological and ecological divergence in Icelandic Arctic charr
ABSTRACT #89
Postglacial freshwater fish populations often show similar patterns of morphological divergence associated with
pelagic and benthic resource use. We investigated populations of Icelandic Arctic charr to test the hypothesis
that these patterns are the result of parallel adaptation to contemporary ecological conditions. Arctic charr
invaded Iceland 10,000 years ago and have undergone divergence into various benthic and pelagic morphs.
Morphological divergence across multiple independent populations ranges from monomorphic (single morph)
to polymorphic (multiple morphs). We conducted a quantitative test of morphological parallelism, determined
shared and derived aspects of ecological divergence, and the association between morphology and ecological resource use across populations. Charr were sampled from five Icelandic lakes and a river containing an
anadromous population. We used stable isotopes to evaluate resource use and the magnitude of ecological
divergence and geometric morphometrics to evaluate morphological parallelism. We detected different degrees
of parallelism of morphological divergence across populations. The removal of allometric variation from body
shape resulted in decreased parallelism in divergence trajectories suggesting that developmental bias contributes
to parallel patterns of morphological divergence. Body size is strongly associated with benthic and pelagic
resource use across all populations whereas body shape is only weakly associated with resource use in highly
divergent populations. These findings suggest that selection acting on the covariance between body size and
shape (allometry) may be significantly contributing to divergence in Icelandic Arctic charr populations. Thus,
allometric variation is a potentially important aspect of morphological divergence and the parallelism of morphological divergence.
JASONOWICZ, A.1, GOETZ, F.2, SITAR, S.3, 1University of Washington - Seattle; 2University of Wisconsin Milwaukee; 3Michigan Department of Natural Resources.
What we have learned from a decade of rearing lean and siscowet lake charr in common garden
experiments
ABSTRACT #77
Common garden rearing experiments can offer insights to the mechanisms controlling the expression of phenotypic traits in species that display divergent characteristics in the wild under different environmental conditions.  
In fall of 2006 gametes from wild lean and siscowet lake charr were collected from spawning aggregations in
Lake Superior to establish captive lines to study the genetic basis for the phenotypic differences between these
forms of lake charr. By rearing leans and siscowets under identical environmental conditions for their entire
lives, we were able to demonstrate that there is a genetic component that underlies many of the phenotypic differences (growth, lipid level, body morphometry, metabolism, behavior) observed between these two forms of
lake charr.  By age 5 (2011), nearly all (lean-98%, siscowet-95%) of these fish matured and a second generation
of lean and siscowet were produced along with the reciprocal crosses between both morphs.  Those fish were
also held under identical environmental conditions and are now 6 years old. The pure lean and siscowet crosses
maintained phenotypic differences similar to what was observed in their parents while the reciprocal crosses
displayed intermediate phenotypes for lipid levels but not for growth- related metrics. This suggests a complex
genetic basis to some traits.  Current research efforts include the use of genomic sequencing technologies to
further understand what genes may be associated with expression of these traits.
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SNORRASON, S.1, PÁLSSON, A.1, KRISTJÁNSSON, B.2, AHI, E.1, GUÐBRANDSSON, J.1,
KAPRALOVA, K.1, FRANZDÓTTIR, S.2, JÓNSSON, Z.1, MAIER, V.1, 1University of Iceland; 2Hólar
University College.
Extensive genetic and expression divergence between recently evolved sympatric Arctic charr morphs
ABSTRACT #148
Trophic specialization in fish is a prime example of ecologically driven diversification and thus constitutes a
suitable system for studying the genetic and developmental basis of adaptations. Salmonids are renowned for
their phenotypic and trophic diversity and polymorphism. In the northern hemisphere Arctic charr (Salvelinus
alpinus) invaded multitudes of streams and lakes during the last glacial retreat (about 9000 to 12,000 years ago)
and in many lakes distinct polymorphism has evolved. Particularly well studied are the four morphs in Lake
Thingvallavatn in Iceland. The small benthic (SB), large benthic (LB), planktivorous (PL) and piscivorous (PI)
charr differ in many regards, including size, morphology and life history. We set out to investigate the genetic
and developmental roots of this polymorphism by studying gene expression in embryos of three of the morphs
(all but PI-charr) reared in a common garden set-up. We performed RNA-sequencing, de-novo transcriptome
assembly, compared gene expression and analyzed genetic differences between morphs. Morph parentage, both
as an independent variable and as interaction with developmental time, affected the expression of numerous
transcripts. While the three morphs separate significantly at the expression level, the two benthic morphs are
more similar. The genetic data shows the same pattern. The data are consistent with a scenario where genetic
divergence has contributed to differential expression of multiple genes and systems during early development of
these sympatric Arctic charr morphs. The extent and impact of gene flow between the morphs and the nature of
present reproductive barriers between them remain to be elucidated.
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POPULATION ECOLOGY & DYNAMICS & LIFE HISTORY
CONCURRENT SESSION
HANSEN, M.1, BRONTE, C.2, GUY, C.3, 1U.S. Geological Survey; 2U.S. Fish and Wildlife Service; 3Montana
Cooperative Fish & Wildlife Research Unit.
Population Dynamics and Life History of Lake Trout in North America
ABSTRACT #36
In this chapter, we update the classic review of lake trout by Martin & Olver (1980) that was a chapter in the
book on the Salvelinus genus by Balon (1980).  Specifically, we review published information about reproduction, size and age at maturity, fecundity and egg size, spawning, egg incubation and survival, food and feeding,
age and growth, length and weight at age, maximum size and age, weight-length and condition, sex ratio, age
structure, size structure, abundance and standing crop, density and standing crop, relative abundance, abundance
dynamics, harvest and yield, recruitment, age and size, reproductive rate, year-class strength, and mortality.
Primarily, we update tables for each population metric as a reference for those requiring a reference for comparison to their population of interest. Next, we compare attributes between native and introduced populations, as
a basis for identifying why introduced populations have proven difficult to suppress using mechanical methods
while native populations have been relatively easy to deplete using similar methods. Last, we synthesize relationships between population metrics and population density, as a basis for understanding density dependence
and compensation of lake trout populations.

GRENIER, G.1, TALLMAN, R.2, 1University of Manitoba; 2Fisheries and Oceans Canada.
256 shades of grey; method validation for use of seasonal otolith increments in Arctic Charr (Salvelinus
alpinus L.)
ABSTRACT #127
Otoliths have now been widely used in fisheries science as a method to reconstruct lifelong growth patterns of
bony fishes, especially via back-calculation. Fishes demonstrating extreme phenotypic plasticity, such as the
Arctic Charr with its resident and anadromous morphs, lend themselves to being interesting species for such
growth studies. We propose that seasonal otolith increments in Arctic Charr (Salvelinus alpinus L.) can be used
to estimate the amount of growth taking place in Arctic Charr over the winter and the summer periods. Here,
we used a visual discrimination of white and dark seasonal bands to measure the respective seasonal increment
width. To validate the seasonal increment width obtained via the visual method, a greyscale pixel value method
was used. The pixel value of each pixel along the otolith transect was plotted and analysed to determine the
points of inflection between white and dark bands. The distances between these inflection points provided a
second set of seasonal otolith increment widths. Preliminary results of seasonal increment widths are showing
no statistical differences between methods. This suggests that it is possible to use seasonal otolith growth increments to reconstruct seasonal growth patterns in Arctic Charr. A greater knowledge of Arctic Charr seasonal
growth patterns will assist in understanding and increase our predictive abilities in regards to climate change.
Furthermore, the improved understanding of Arctic Charr seasonal growth pattern will improve our abilities to
manage this biologically interesting and socioeconomically important Arctic species.
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MORRISON, C.1, GALLAGHER, C.1, TIERNEY, K.2, HOWLAND, K.1, 1Fisheries and Oceans Canada;
University of Alberta.
Assessing freshwater growth influences on life history ‘decisions’ in populations of northern Dolly Varden
ABSTRACT #8
2

Northern form Dolly Varden char (Salvelinus malma malma) inhabit cold-water streams in the western
Canadian Arctic. They are an important cultural and subsistence resource to local Indigenous communities, yet
little is known about their complex early life histories. Populations of Dolly Varden exhibit partial anadromy,
where a portion of the population migrates to the ocean to feed in productive coastal waters, while other individuals remain in freshwater year-round as stream residents. According to classical life history theory, in populations that are partially anadromous, fast growing fish should migrate sooner and at smaller sizes than slow
growing individuals, and the fastest growers in the population should remain as stream residents. For this study,
fish lengths back-calculated from otoliths (ear-bones) for anadromous and resident Dolly Varden from three
river systems were compared to determine if/how early growth influences migratory behaviour, and whether
Dolly Varden exhibit life history strategies that follow predictions of classical life history theory. In accordance
with predictions, results showed that early migrating fish were faster growers and migrated at smaller sizes
than late migrating Dolly Varden. Contrary to predictions of life history theory, no differences were observed
in growth between resident and early migrating individuals, although a trend towards increased size-at-age
was observed in residents. These results indicate that factors other than growth are playing a role in life history
‘decisions’. Future work on growth efficiencies and metabolic rates is needed to assess how they influence
migratory and resident behaviors.

SCHMALZ, P.1, STAPLES, D.1, GOLDSWORTHY, C.1, 1Minnesota Department of Natural Resources.
Lake trout growth in MN waters of Lake Superior
ABSTRACT #146
We used lake trout length at age data collected during May gill net assessments to determine the effects of
year, and management zone on the growth of wild lake trout in Minnesota waters of Lake Superior during
1994-2016. Ages were estimated by reading otolith growth rings. Length at age data were modeled using the
Von Bertalanffy Growth Function (VBGF).  Four VBGFs were compared.  The first fit a single K and L∞ for
all Minnesota waters.  The second fit a K and L∞ for each management zone.  The third fit annual trends in K
and L∞ for all Minnesota waters. The fourth fit annual trends in K and L∞ for each management zone.  The
best model of lake trout length at age as selected by AIC in Minnesota waters of Lake Superior was the model
that fit annual trends in in K and L∞ for each management zone (model four).  Lake trout ultimate length (L∞)
was greatest for MN1 (closest to Duluth), and declined moving north.  Time trends in L∞ were positive in MN1
and MN2 but negative in MN3, while time trends in K were negative in all three management zones.  Differences in lake trout growth among Minnesota management zones of Lake Superior could be related to lake trout
population density, forage abundance and productivity, or genetic differences among the lake trout stocks in the
management zones.
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MARTYNIUK, M.1, POWER, M.1, COUTURE, P.2, TRAN, L.3, BEAUPRÉ, L.4, OREILLER, M.4,
University of Waterloo; 2Institut National de la Recherche Scientifique – Centre Eau Terre Environnement;
3
Nunavik Research Centre - Makivik Corporation; 4Ministère des Forêts, de la Faune et des Parcs.
Assessing reasons for changes in the condition of Deception Bay Arctic charr (Salvelinus alpinus)
ABSTRACT #111
1

The Raglan Mine, a large copper and nickel mining complex located in the Nunavik region of Québec, Canada,
has collected biological data on Deception Bay Arctic charr (Salvelinus alpinus) through an employee sport
fishing program, which since 2004 has documented a decline in the somatic condition of these fish.  Concerns
expressed by the local Hunting, Fishing, and Trapping Coordinating Committee (HFTCC) initiated additional
scientific study. As a result, tissue and water samples collected from Deception Bay, Deception River headwater
lakes, Duquet and Françoys-Malherbe, as well as a reference site near Aupaluk, Québec will be used for a series
of within and between site assessments of condition to correlate observed changes with seasonal and/or environmental factors. A comparative statistical analysis of available Nunavik region Arctic charr biological data
will also be performed to determine if a similar region wide pattern of declining condition exists. This project
will address potential reasons for the declines in the average somatic condition of Deception River Arctic charr,
which are of critical importance to local communities.

BENIKE, H.1, COLE, A.1, KOBERNICK, V.1, SPANGLER, B.1, 1Wisconsin Department of Natural
Resources - Bureau of Fisheries Management.
Development and Management Use of South Fork of the Hay River, Wild Strain Brook Trout in Western
Wisconsin, USA.
ABSTRACT #51
In 2004, the Wisconsin Department of Natural Resources developed a Wild Strain Brook Trout for use in fish
stocking efforts in the St. Croix and Chippewa River Drainages in western and northwestern Wisconsin.  Wild
brook trout are collected from South Fork of Hay River in mid-October just prior to spawning and held instream
via holding pens.  Department staff spawn and release spent fish back to the river on a weekly basis from
late October to mid-November and annually return dis-infected fertilized eggs back to the Osceola State Fish
Hatchery for fish production purposes.  First generation offspring are then used to develop a wild strain brood
stock that can meet existing fish production goals.  Second generation offspring are then stocked annually into
waters where state fish managers are requesting wild strain brook trout for management purposes.  First generation fish are then retired after three years of use and stocked out to provide a put and take trout fishery where
appropriate. Most recently, this strain is now being used to supply 17 cooperative rearing facilities which are
operated by local partner groups who raise fish for the Department which are stocked back into public waters.  
Lastly, recent genetics testing of brook trout throughout Wisconsin has shown this strain to be a acceptable
source for additional stocking efforts in other drainages in Wisconsin.
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LYONS, J.1, STEWART, J.2, MITRO, M.3, CUNNINGHAM, P.3, TOBER GRIFFIN, J.3, 1University of
Wisconsin Zoological Museum; 2U.S. Geological Survey; 3Wisconsin Department of Natural Resources.
Projected future changes in brook trout distribution in Wisconsin streams in response to climate change
ABSTRACT #26
Climate warming is a threat to brook trout (Salvelinus fontinalis) in the Laurentian Great Lakes region. To
identify vulnerable populations and to aid in the development of adaptation strategies, a consortium of scientists
from the U.S. Geological Survey, Michigan State University, and the Michigan and Wisconsin Departments of
Natural Resources, funded by the U.S. Fish and Wildlife Service, developed a web-based species-distribution
model, “FishVis”, for brook trout (and 12 other representative fish species) for all stream reaches (1:100,000
scale) in Minnesota, Wisconsin, Michigan, New York, and the Great Lakes basin portions of Illinois, Indiana,
Ohio, and Pennsylvania (https://ccviewer.wim.usgs.gov/FishVis/#). The model predicts the suitability of habitat
for brook trout in individual reaches based on adjacent and upstream channel characteristics, surficial geology,
land-cover, and climate, and it has stream temperature and stream flow sub-modules that are responsive to
changes in both air temperature and precipitation. We illustrate the model by projecting shifts in brook trout
distribution in Wisconsin streams over the next 40 years. Currently nearly 36,000 km of streams are considered
suitable for brook trout, but this habitat is projected to decline by 67% to about 12,000 km by mid-century. This
drop, while substantial, is lower than earlier estimates of a 75-90% decline because our model accounts for
increased precipitation that may enhance groundwater inputs and partially offset impacts of higher air temperatures in some stream reaches. Efforts to conserve brook trout populations could include enhancing groundwater
recharge and delivery and increasing stream shading to help dampen stream temperature increases.

TALLMAN, R.1, IMRIE, K.2, GRENIER, G.2, FULTON, S.1, 1Fisheries and Oceans Canada; 2University of
Manitoba.
Realized and potential consequences of climate variation on polar charrs.
ABSTRACT #72
Climate warming is expected to be greatest in the Arctic, particularly the Canadian Arctic. Arctic Charr, Salvelinus alpinus, and northern Dolly Varden Charr, S. malma, live in shallow waters in both the freshwater and
marine environment and therefore will experience the most rapid change to their habitat. Arctic populations of
Lake Charr, S. namaycush, will also potentially be affected due to thermal stratification on lakes. We discuss
potential habitat changes, inherent biological sensitivity to climate change, and their consequences for charrs in
the Arctic regions. Potential changes include longer ice free and growing seasons in the freshwater and marine
environments, thermal stress in freshwater, oxygen stress due to lake stratification, saline inundation of freshwater spawning and rearing areas for Arctic Charr, bank slumping and siltation with permafrost thawing, changes
in the prey available, changes in environmental cues for migration, increased competition from eco-typically
similar taxa such as Atlantic Salmon, Salmo salar, Brook Charr, S. fontinalis and Pacific Salmon, Oncorhynchus
spp.. We present evidence of realized changes in the likely attributable to climate change for Arctic Charr. In
Cumberland Sound the marine prey community has changed with the successful expansion of Capelin, Mallotus
villosus. Arctic Charr show evidence of switching from a primarily invertebrate diet to heavy utilization of
Capelin. A back-calculation study of growth in the pre-marine phase suggests that climate, more than stock is
responsible for growth variation. Finally, we present a methodology and preliminary findings of a fish stock
climate vulnerability assessment tool for Arctic Charr and Dolly Varden.
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REPRODUCTIVE ECOLOGY & DEVELOPMENTAL ONTOGENY &
PHYSIOLOGY

Dr. Skúli Skúlason

Professor, Department of Aquaculture and Fish Biology,
Hólar University College

Wednesday, June 20th, 0900-0930

How Reproductive Ecology and Ontogeny Interactively Shape
Phenotypic Diversity and Resource Polymorphism of Charrs
SKÚLASON, S.1. 1HÓLAR UNIVERSITY COLLEGE, IS-551 SAUDÁRKRÓKUR, ICELAND

Considering vertebrates, charrs (genus: Salvelinus) are phenotypically highly diverse. This diversity reflects
local adaptations to variable environments, and is frequently in the form of resource polymorphism. Thus, intraspecific morphs that adapt, both in allopatry and sympatry, to different habitats and food resources are common.
Such divergences are often based on repeated local processes, where ecological conditions promote phenotypic
changes through natural selection, phenotypic plasticity and maternal effects. Furthermore, such resource
polymorphisms frequently involve reproductive isolation of morphs which can lead to the formation of new
species. Studies show that ontogenetic process and their dynamic interactions with ecological factors can play
an important role in phenotypic diversification, for example in the early stages of divergence, and that this can
influence natural selection and gene flow. Here, I will explore the reproductive biology of charrs with a focus
on the interactive relationship between the environment and the phenotype, including how spatial and temporal
spawning patterns, mating behavior and incubation conditions interact dynamically with phenotypic diversity
and diversification, both within and among generations. The rapid and diverse processes of local adaptations
and adaptive divergences in charr provide excellent opportunity to test hypotheses within the growing field of
dynamic organismal environmental associations, for example trough an ecological, evolutionary developmental
framework.

PRESENTER BIO:
Skúli obtained his B.S. in biology at the University of Iceland 1981, and an M.Sc. and a Ph.D. at the University
of Guelph, Canada in 1986 and 1990. In 1991, he was a post-doc at the University of California, Berkeley.
Following that, he took a faculty position at Hólar Agricultural College in Iceland (later Hólar University
College) where he developed a research program on the ecology and evolution of diversity of Icelandic freshwater fishes, primarily Arctic charr. He was the rector (president) of the school from 1999 to 2012. He is currently
a professor at the university, with an academic focus on the dynamic organismal – environmental relationships
in nature, with charr as a primary subject. He is also interested in philosophical, management ,and conservation
aspects of biodiversity, and has participated in applied work in Iceland concerning energy operations, aquaculture, and fisheries.
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KEYNOTE:

Paul Piszczek

Senior Fisheries Biologist,
Wisconsin Department of Natural Resources

Wednesday, June 20th, 1700-1730

The Bois Brule River Fishery: A Timeless Resource
PISZCZEK, P.1, 1WISCONSIN DEPARTMENT OF NATURAL RESOURCES

PRESENTER BIO:
Paul Piszczek is a Senior Fisheries Biologist with Wisconsin Department of Natural Resources in Superior,
WI, USA. He manages Lake Superior tributary fishery resources across Wisconsin’s south shore for catch-andrelease and harvest angling opportunities, particularly the resident and lake-run salmonids of the Bois Brule
River. Paul began working with coldwater fishes as a graduate student in the early 1990s, where he researched
trout and char distributions relative to stream acidification in Great Smoky Mountains National Park. He has
since worked in the Northeast and upper Midwest USA.
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REPRODUCTIVE ECOLOGY & DEVELOPMENTAL ONTOGENY &
PHYSIOLOGY PLENARY
FUKUI, S.1, MAY-MCNALLY, M.2, TAYLOR, E.3, KOIZUMI, I.1, 1Hokkaido University; 2Fisheries and
Oceans Canada; 3University of British Columbia.
A test of the role of secondary sexual characteristics in influencing the reproductive success of hybrids
between native and nonnative salmonids
ABSTRACT #79
Human-mediated hybridization between introduced and native species is one of the most serious threats to
native taxa. Although field studies have attempted to quantify the relative fitness or reproductive success of
parental species and their hybrids, only a few studies have started to unravel the factors determining the fitness
of hybrids. Here we hypothesized that maladaptive secondary sexual characteristics may reduce fitness of
hybrids between two fish species. To test this, we evaluated the reproductive success of introduced brook trout
(BT: Salvelinus fontinalis), native white-spotted charr (WSC: S. leucomaenis) and their hybrids in a natural
stream in Hokkaido, Japan, where the two parental species show remarkably different male secondary sexual
characteristics, such as elongated jaws and deeper bodies. We predicted that introgression from WSC is maladaptive for BT males because the BT male has a morphology that is advantageous during male-male interactions. Our results suggest that both sexual selection of male secondary sexual characteristics and outbreeding
depression in males and females significantly influence an individual’s reproductive success. This suggests that
native WSC may face a risk of asymmetric introgression from introduced BT.

MARSDEN, J.E.1, SCHMACHER, M.1, KOZEL, C.1, 1University of Vermont.
Misappropriation of salmon developmental terminology leads to false assumptions: a plea for standardizing char terms
ABSTRACT #135
Development and use of terminology is critical for clarity and information transfer in scientific endeavor;
however, terminology also constrains how we think about science. Discussion of lake char early developmental
stages is confounded by use of terms that are incorrectly borrowed from anadromous species, used inconsistently, do not identify the actual developmental phases, are not synonymous with formal terminology, and do
not reflect differences in behavior between riverine versus lacustrine salmonids.  For example, ‘emergence’ in
adfluvial salmonids is an abrupt, behavioral transition from the redd to a free-swimming stage when the glass
bladder is filled and feeding commences; lake char begin feeding during diurnal migration from crevices for
several weeks prior to ‘emergence’, and may not need to fill the gas bladder from the surface. This presentation
will review early life stage terminology, and suggest adoption of a more accurate and informative speciesspecific terminology for field practitioners and publications focused on lake char.
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GILBERT, M.1, MOORE, J.2, HARRIS, L.3, MALLEY, B.4, FARRELL, A.1, 1University of British Columbia;
Université Laval; 3Fisheries and Oceans Canada; 4University of Manitoba.
A field-based assessment of the temperature tolerance of migratory Arctic Charr (Salvelinus alpinus)
ABSTRACT #142
2

The maximum performance of fish hearts is limited at temperature extremes. In temperate fish, these limitations
can result in oxygen shortages that impair critical activities such as feeding and migration. These impairments
have not been thoroughly investigated invaluable arctic fish species such as the Arctic charr, despite the rapid
rate of environmental change in the north. This paucity of research persists largely due to logistical challenges
associated with conducting sensitive physiological techniques in remote Arctic field settings. Given these
concerns our goal was to utilize innovative mobile Arctic research infrastructure and simplified physiological
techniques to provide a field-based assessment of the thermal limits to cardiorespiratory performance in Arctic
charr. To address this goal we used mobile research laboratories recently developed by the Arctic Research
Foundation to conduct a preliminary study on the maximum heart rate and aerobic capacity of migratory
Arctic charr during acute warming and cooling. Arctic charr captured between 10 and 13°C exhibited impaired
maximum heart rate below 4°C and above ~19°C, with the heart beat becoming arrhythmic at ~21°C. In
agreement with the heartrate data, aerobic capacity did not markedly change between 4 and 19°C. This temperature tolerance breadth encompasses the river temperatures migrating Arctic charr would typically encounter
in the central Canadian Arctic. However, they do occasionally exploit water outside of these thermal limits,
which suggests that these limits likely vary between populations and with acclimatization, but nonetheless some
Arctic charr movements may already be thermally restricted

MARSDEN, J.E.1, WILKINS, P.1, 1University of Vermont.
Seasonal growth of wild and stocked juvenile lake trout in Lake Champlain
ABSTRACT #159
Fish year-class recruitment is generally understood to be established in the first year of life; periods of high
mortality occur at hatching, metamorphosis, transition to exogenous feeding, and over winter. In culture,
mortality is minimized at these stages by absence of predation and abundant supply of high-quality food;
consequently lake char stocked as fall fingerlings (age-0) are equivalent to age-1 wild fish in size and have
high overwinter survival. Thus, stocked char may have a competitive advantage over wild char at the same
age in terms of foraging ability and overwinter survival potential.  Conversely, these stocked fish may have
a high energy demand that is not immediately met as they transition to foraging in the wild, and may lose
condition during their first winter. We tested the hypothesis that wild lake char at age-0 and older would have
higher growth than stocked fish of the same age; we also tested that hypothesis that, for a coldwater species
such as lake char, growth does not terminate in winter and may be a period of sustained feeding and continued
growth. Juvenile sampling was conducted by bottom trawling in Lake Champlain every 2-3 weeks throughout
the ice-free season, April to November, 2015-2018. Newly hatched lake char through the alevin stage were
collected by trapping from April to June. All post-alevins were measured (total length) and weighed; prealevins were measured for total length and yolk sac length. Abundance (catch-per-unit-effort) of juveniles and
proportion of wild fish (23-65%) were substantially higher in the central lake than the north lake.  Growth was
variable among year classes, but clearly continued over the winter; examination of condition data (underway)
will determine whether lake char grow by expending stored resources (condition decreases); maintenance or
increase in condition would indicate active overwinter foraging. Comparison of size and condition-at-age of
wild and stocked fish, and wild fish from the central and north lake, will reveal whether wild fry have a growth
advantage over stocked fish in each area.
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SESSION KEYNOTE:

CHARR MANAGEMENT/ CHARRS AS EXOTIC INVADERS

Dr. Daniel Schill
Fisheries Research Supervisor,
Idaho Department of Fish & Game

Thursday, June 21st, 0900-0930

Western U.S. Charr Management: A Tale of Three Species
SCHILL, D.1.1IDAHO DEPARTMENT OF FISH AND GAME

Coterminous U.S. Charr consist of one native and two exotic Species. Despite being listed under the Endangered Species Act as threatened in the 1990’s, native Bull Trout are abundant in many waters with an estimated
minimum of 1.12 million >70mm TL residing in Idaho during 2008. Based on long-term trend datasets in Idaho
alone, collective extinction risk for coterminous Bull Trout populations is low. In contrast, non-native Lake
Trout and Brook Trout in western America are both remarkably successful exotics that comprise significant
risk to Bull Trout and other sympatric species in many waters. Despite known vulnerability to overexploitation and collapse in its native range, Lake Trout populations have remained surprisingly resistant to control
efforts in most, but not all western U.S. waters where attempted. Much of the east-west disparity in population
response to fishing appears to be the result of vastly different levels of recreational or commercial fishing
power that can affordably be brought to bear on the western exotic populations. Due to their fall-spawning life
history, invasive Brook Trout enjoy an Age 0 size advantage over most native western salmonids, a factor that
results in a strong competitive advantage in many streams and alpine lakes. Unfortunately, with the exception
of piscicides and their attendant limitations, early maturation and high natural mortality rates make Brook
Trout a formidable species to control or eradicate. A few successful lotic Brook Trout removal efforts using
electrofishing alone have been published, but all were conducted in short stream segments 5km or less in length.
Eradication attempts in alpine lakes using several approaches such as predator stocking and gillnetting have
reported generally poor or inconsistent results and the author of the best Brook Trout population dynamics study
ever done in high lakes called for development of a method for directly controlling recruitment. The Trojan Y
Chromosome or YY Male approach represents one such possibility and is currently being field evaluated as a
Brook Trout eradication approach in 16 Idaho waters. Initial results are promising and efforts are also underway
in Idaho to develop a YY Lake Trout Broodstock for similar evaluation. Although currently only being used
against invasive Charr, development of YY Male technology for species such as rainbow trout that threaten
isolated native Eastern Brook Trout populations may warrant further study as a future Charr restoration/management tool.

PRESENTER BIO:
Dan obtained his BS from Clarion State College in Pennsylvania (1980), his M.S. from Idaho State University
(1984), and his Ph.D. from the University of Idaho in 2009.   He has spent his entire fisheries career in a
variety of management and research positions with the Idaho Department of Fish and Game where he presently
supervises 16 research scientists and associated field staff.  Dan’s research interests have focused largely on
salmonids including hooking mortality, special regulations, electrofishing injury and a variety of population
studies. More recently he has focused on the C&R air exposure issue and development of a new method
for eradicating exotic fish, the YY Male approach.   Not surprisingly, he began his YY Male research in the
salmonid arena but his ongoing efforts to expand this potential management tool have led him down exciting
new paths and collaborative work with Walleye and the Common Carp.
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CHARR MANAGEMENT / CHARR AS EXOTIC INVADERS
PLENARY
DUX, A.1, CORSI, M.1, HANSEN, M.2, 1Idaho Department of Fish and Game; 2U.S. Geological Survey.
Response to a decade of nonnative lake charr suppression in Lake Pend Oreille, Idaho
ABSTRACT #19
The nonnative Lake Charr (Salvelinus namaycush) population in Lake Pend Oreille, Idaho, increased exponentially from 1999-2006. This led to an unsustainable level of predation on kokanee (Oncorhynchus nerka),
increased the conservation threat to native Bull Charr (Salvelinus confluentus), and had undesirable effects on
the popular recreational fishery.  In response, an aggressive Lake Charr suppression program was implemented
in 2006 using both incentivized angling and contract netting (gill nets and deepwater trap nets). From 2006
through 2016, 199,228 Lake Charr were removed (85,081 by anglers; 114,147 by netting). During the same
time period, abundance of age-3 and older Lake Charr declined from 135,894 to 56,968 fish and population
size structure was reduced. Kokanee biomass reached a record low of 74 metric tonnes in 2007, but steadily
increased and averaged 433 metric tonnes from 2013-2016. The Bull Charr population remained robust and
stable during the period of Lake Charr suppression. To date, Lake Charr suppression has allowed the nearly
collapsed kokanee population to rebound to levels similar to those observed prior to Lake Charr population
expansion.  Additionally, conservation benefits for native Bull Charr have been realized, and we have observed
desired improvements to the recreational fishery.  Our results support the efficacy of suppression as a management strategy for nonnative Lake Charr in a large, deep lake.

HANSEN, M.1, CORSI, M.2, DUX, A.2, CHIPMAN, B.5, 1U.S. Geological Survey, 2Idaho Department of Fish
and Game.
Modeling long-term suppression of lake charr in Lake Pend Oreille, Idaho
ABSTRACT #4
We developed a simulation model of lake trout population dynamics in Lake Pend Oreille, Idaho, to determine
the level of fishing effort needed to suppress abundance by 90% within 10 years and the level of fishing effort
needed to sustain abundance at this reduced level. The model was constructed from biological data collected
during suppression fishing in 2006-2016.  Results indicated that fishing effort exerted in 2014 would suppress
lake trout abundance by 90% within one decade, after which fishing effort could be reduced to only 17% of
2014 levels to sustain lake abundance at the reduced level.  Our findings will be implemented in two stages
of future suppression netting, with 10 years of continued high-intensity fishing, followed by sustained lowintensity fishing thereafter.
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YAMAMOTO, S.1, MORITA, K.1, SAHASHI, G.2, 1Japan Fisheries Research and Education Agency, 2The
University of Tokyo.
Spatial and temporal changes in genetic structure and diversity of isolated populations of white-spotted
charr (Salvelinus leucomaenis)
ABSTRACT #15
Habitat fragmentation often reduces local genetic diversity by preventing gene flow among populations and
increasing the rate of genetic drift. Among freshwater fishes, this is largely an outcome of anthropogenic habitat
alterations, such as dam construction. In Japan, innumerable artificial dams constructed for erosion control or
hydroelectric power generation have affected almost all rivers, resulting in the isolation and fragmentation of
many freshwater fish populations. We examined the genetic structure and genetic diversity of 23 anadromous
populations of white-spotted charr (Salvelinus leucomaenis), including above- and below-dam populations (on
Hokkaido Island), and 12 fluvial populations (on Honshu Island), using microsatellite DNA markers, to understand how habitat fragmentation by damming might alter population genetic structure spatiotemporally. An
isolation-by-distance genetic structure was found for anadromous populations on Hokkaido Island, indicating
substantial gene flow among populations. Habitat fragmentation, however, induced a change in their population
structure and genetic diversity. Following habitat fragmentation, isolated populations tended to cluster haphazardly. Effective population sizes of isolated anadromous populations were less than 50. We found that decreases
in heterozygosity and allelic richness had occurred in all isolated populations over ca. 15 years. Isolated fluvial
populations on Honshu Island showed a lack of isolation-by-distance population structure within a river system.
Effective population sizes of isolated fluvial populations were also less than 50. Our data suggest that the
genetic diversity of isolated populations of white-spotted charr in most Japanese rivers will continue to decrease
in the future.
MIYAMOTO, K.1,2, ARAKI, H.1, 1Hokkaido University; 2Japan Fisheries Research and Education Agency.
Effects of water depth and structure complexity on survival and habitat preferences of white-spotted
charr
ABSTRACT #20
Construction of dams and river engineering works, which have caused flow reduction and simplified river
morphologies has been considered as one of the major factors contributing to a decrease of salmonid populations. We investigated the effects of water depth and structure complexity on the survival and habitat preference
of the white-spotted charr (Salvelinus leucomaenis). In terms of the survival of charr, we counted the number
of fish survived in each outdoor tank with different water depths and degrees of structure complexity. In the
result, survival rate of the fry was lower when they were exposed to predation by water birds in shallower
tanks; Likewise, the survival rate was lower for the ones placed in tanks with simplified structures compared to
those placed in tanks with more complex structures. With regard to habitat preference of the fry, we counted the
number of fish remaining and leaving experimental ponds with or without complex structures. The number of
fish remained was lower with more complex structures than in those with simplified ones. These results suggest
that the disappearance of pools caused by flow reduction and simplification of river structures can increase
predation pressure and conspecific competition for the white-spotted charr that lead to a decrease in their populations.
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VANDERGOOT, C.1, MARKHAM, J.2, MACDOUGALL, T.3, 1U.S. Geological Survey, Great Lakes Science
Center; 2New York State Department of Environmental Conservation; 3Ontario Ministry of Natural Resources
and Forestry.
Lake Trout Management in Lake Erie: Efforts to Restore a Formerly Self-sustaining Population
ABSTRACT #118
Representing the southern extent of their range, Lake trout (Salvelinus namaycush) are native to Lake Erie, one
of the five Laurentian Great Lakes in North America.  Historically, Lake Trout supported commercial fisheries
in the eastern basin of Lake Erie; however, due to overfishing, pollution, and parasitism by non-native Sea
Lamprey (Petromyzon marinus), the population declined rapidly during the early 1900s and was considered
extirpated by 1960.  Rehabilitation stocking efforts began in the late 1970s, and while success has been achieved
restoring Lake Trout as the apex predator in the eastern portion of the lake, natural recruitment remains nonexistent. In an attempt to restore a self-sustaining population via natural recruitment, the Lake Erie Committee
(LEC; made up of fisheries management agencies around the lake) conducts annual stock assessments and
supports research projects designed to identify the factors limiting recruitment. Foremost among these activities
are management actions (i.e., treating tributaries with lampricide) taken to control mortality attributable to Sea
Lamprey. LEC agencies routinely collaborate on research projects focused on gaining a better understanding
of: hatchery strain success, spawning ecology and phenology, movements, and habitat use. In order to assess
status of the population, all stocked juvenile Lake Trout are marked to designate hatchery origin, adult fish
movements are monitored via a large-scale telemetry study, and the quantity and quality of spawning habitat is
evaluated. Based on a commitment to interagency cooperation, routine population assessments, and objectivedriven research, there is optimism that the population will once again become self-sustaining.

SEIDER, M.1, SITAR, S.2, GOLDSWORTHY, C.3, RAY, B.4, MICHAELS, B.5, ABEL, C.6, ISAAC, E. J.7,
U.S. Fish and Wildlife Service; 2Michigan Department of Natural Resources; 3Minnesota Deparment of Natural
Resources; 4Wisconsin Department of Natural Resources; 5Great Lakes Indian Fish and Wildlife Commission;
6
Red Cliff Band of Lake Superior Chippewa; 7Grand Portage Band of Chippewa.
Attributes of a fully recovered Lake Charr population in Lake Superior
ABSTRACT #58
1

As the top native predator in Lake Superior, lake charr (Salvelinus namaycush) remains the focus of fisheries
management agencies in Lake Superior. The recovery of the lean ecotype of lake charr in Lake Superior is an
instructive model of multi-jurisdictional cooperation that resulted in the rehabilitation of a severely degraded
fishery. Most stocks have been considered restored for over two decades and the characteristics of these fully
recovered lean lake char populations may provide useful benchmarks for rehabilitation in the other Great Lakes.
We synthesized the available data and literature to describe the status of self-sustaining lean lake charr populations in Lake Superior since the early 1990s. Long term surveys and the output of stock assessment models
indicated lake charr populations have been relatively stable and lightly exploited in most areas since the early
2000s. Furthermore, sea lamprey mortality has been reduced through continued successful control efforts in the
basin. As a result, the age structure of these populations has shifted towards older fish and spawning biomass is
at 50 year highs in many areas. Reduced growth rates and recruitment in light of high adult abundance are likely
symptoms of fully-rehabilitated populations reaching equilibrium with the current forage base. Although these
populations support thriving sport and commercial fisheries, local managers are still concerned with sustainable
harvest limits, declining forage base, and continued sea lamprey control.
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CHARR MANAGEMENT/CHARR AS EXOTIC INVADERS
CONCURRENT SESSION
CARLSON, A.1, TAYLOR, W.1, INFANTE, D.1, 1Michigan State University.
Impact of changes in precipitation and groundwater on brook charr thermal habitat in Michigan streams
ABSTRACT #100
Projected increases in stream temperatures resulting from climate change are cause for concern among fisheries professionals that manage coldwater streams, including those inhabited by brook charr. While many regional stream temperature
models typically assume spatially uniform air-stream temperature relationships, streams in Michigan are thermally
influenced by the magnitude and timing of precipitation and groundwater inputs, which vary among watersheds and across
stream reaches. Climate change is projected to increase stream temperatures indirectly through effects on precipitation and
groundwater, including more variable (and overall reduced) precipitation and decreased discharge and groundwater-driven
thermal buffering capacity. However, in Michigan streams near the Great Lakes, precipitation is predicted to intensify in
fall and winter due to projected increases in snowfall, thereby increasing water volume and potentially reducing thermal
warming rates relative to systems without elevated precipitation. These consequences suggest that fisheries managers
would benefit from stream temperature models that integrate precipitation, groundwater, air temperature, and fish
responses. We developed stream temperature models to account for magnitude and timing of precipitation and groundwater input into Michigan streams, using them to project effects of climate change on brook charr thermal habitats, growth,
and survival. Precipitation- and groundwater-corrected stream temperature models were more accurate and reliable than
air-stream temperature models as they explained more temperature variation and are thus more useful for brook charr
management. Our results indicate that accounting for hydrologic and thermal changes in temperature models can improve
temperature projections and thereby enhance the effectiveness and resilience of brook charr management in a changing
climate.

SIMS, B.1, ROWE, D.1, AQUINO, M.1, MITRO, M.1, GRIFFIN, J.1, 1Wisconsin Department of Natural
Resources.
Brook Trout (Salvelinus fontinalis) stocking in the Driftless Area of Southwest Wisconsin, lessons learned
from Ash Creek
ABSTRACT #59
Stocking Wisconsin’s native brook trout (Salvelinus fontinalis) in the Driftless Area is an evolving story. A feral
trout stocking program was initiated in the 1970’s and 1980’s using wild field transfers of wild brook trout.
Starting in 1995 feral or wild brood fish were collected from a Driftless Area stream and delivered to Nevin
State Fish Hatchery for spawning. Feral fingerlings from these broodfish had higher survival rates compared to
domestics. In 2007, spawning was moved onsite at Ash Creek, our brood source stream. Gill lice (Salmincola
edwardsii) were discovered during the 2010 fish health inspections of Ash Creek, and a subsequent epizootic
led to reduced brook trout recruitment. Because of concerns of egg overharvest, gill lice, and reduced recruitment we decided not to collect eggs from Ash Creek in 2014 and to identify new brood stock source streams
for future egg collection. In 2016, updated genetic analyses determined Ash Creek brook trout likely descended
from Eastern United States stock. The Wisconsin DNR revisited the direction of onsite feral brood programs.
Policies were developed using a rotation of qualified brook trout streams, building a source of genetically appropriate feral broodfish, and using first and second generation crosses. Source streams are selected having adult
brook trout abundances >150 per 1.6 km, genetically defined native populations, certified disease free, no or few
gill lice, no recent stocking events, and preferred no brown trout present. The current feral program continues
with policies and hatchery production to meet quotas and conserve native genetics.
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ZORN, T.1, 1Michigan Department of Natural Resources.
Using protective regulations to rehabilitate coaster brook trout in Lake Superior tributaries
ABSTRACT #52
Coaster brook trout are highly-valued by anglers and the public for their size, beauty, and long-standing association with Lake Superior.  Coaster brook trout populations in Lake Superior were vulnerable to sport fishing,
highly-sought by anglers, and quickly over-exploited. Restoring this cherished part of the region’s natural
heritage has long been a priority of anglers and tribal, state, and federal governments. While little progress had
been made for many years, recent efforts to rehabilitate coaster (adfluvial) brook trout populations in Minnesota
streams using protective fishing regulations are promising.  Building on Minnesota’s success, the state of
Michigan is attempting to rehabilitate coasters in eight stream reaches using experimental sport fishing regulations. High minimum size limit and low bag limit regulations were initiated in 2015 and will remain in place
for at least 10 years.  Effects of the regulations are being assessed through long-term, low intensity biological
sampling in treatment and control reaches, and a volunteer angler log program. Though it is too early to assess
the effectiveness of the regulations, this project has already provided interesting findings relating to coasters on
several levels, and serves as a basis for collaborative work on coaster life history and management.

LACOMBE, N.1, MIDDEL, T.1, TAYLOR, C.1, FORWARD, G.1, RIDGWAY, M.1, 1Harkness Laboratory of
Fisheries Research, Ontario Ministry of Natural Resources..
A Landscape Recreational Fishery for Salvelinus spp: Lake Trout and Brook Trout in Algonquin Park,
Ontario, Canada
ABSTRACT #145
Algonquin Provincial Park covers 7,630 km2 of central Ontario, contains over 400 native Brook Trout (Salvelinus fontinalis) lakes, as well as many kilometers of native Brook Trout streams and rivers. There are180 native
Lake Trout (Salvelinus namaycush) lakes. Most of the lakes, streams, and rivers are remote and only accessible
via multiday canoe trips. Determining how angler effort is temporally and spatially distributed is critical to
fisheries management planning in this remote access landscape.  In 2017 over 12,000 Salvelinus spp. anglers
camped in the interior of Algonquin Provincial Park between April and September. Here we describe spatially
explicit angling effort across the Algonquin Park landscape using the camping reservation system in conjunction
with a voluntary angler survey. Access point interviews helped ground truth some assumptions in this survey.
The angler survey provides insight into angler movement, effort, harvest, and release patterns. Algonquin
Park is one of the few locations where controlled access can be used to develop spatially explicit fishing effort
models. This information is essential in estimating total harvest on a lake-by-lake basis. Our approach may
prove useful for other protected areas currently utilizing a camper reservation system.

73

DISTRIBUTION, PALEOECOLOGY, & GLACIAL ECOLOGY
CONCURRENT SESSION
MANDRAK, N.1, WILSON, C.2, 1University of Toronto Scarborough; 2Ontario Ministry of Natural Resources
and Forestry.
Peering into the past: distribution and paleoecology of lake trout from the Ice Age to the present
ABSTRACT #132
The lake trout (Salvelinus namaycush) is an archetypal coldwater species closely associated with Pleistocene glaciations
and habitats created by glacial events. Although repeated glaciations destroyed most traces of the species’ zoogeographic
history, aspects of their evolutionary and paleoecological legacy can be inferred from their biological attributes. Fossil
lake trout records are sparse, but molecular evidence suggests they diverged from other charrs during the late Pliocene or
early Pleistocene.  Lake trout differ from other charrs by their large size, longevity, extreme iteroparity, specialization as a
top predator, reduced sexual dimorphism, and use of deepwater habitats: each of these traits likely reflects either historical adaptive opportunities or relaxation of previous selective pressures early in the species’ history. Ecological parallels
between lake trout and taimen (Hucho taimen) suggest lake trout may have originated as a large-bodied predator in
Pliocene rivers, with lakes formed by glacial scouring providing novel ecological opportunities. Specialization as an apex
predator for oligotrophic environments may have selected for longevity and strong iteroparity; conversely, exploitation
of benthic food sources opened new opportunities that are largely unexploited by other charrs and may have driven other
divergent traits such as vision, colouration, buoyancy, reduced sexual dimorphism, and spawning behavior. Although
glacial refugia were highly dynamic, lake trout specialized for these conditions early in their history and persisted in
multiple refugia through several glacial cycles. Dispersal from multiple Wisconsinan refugia enabled rapid colonization
via vast meltwater lakes, resulting in their contemporary range as glacial waters receded.

SALISBURY, S.1, MCCRACKEN, G.1, KNIGHT, T.2, KEEFE, D.3, PERRY, R.4, RUZZANTE, D.1,
Dalhousie University; 2Parks Canada; 3Government of Newfoundland and Labrador; 4Government of Yukon.
Evidence of extensive secondary contact between multiple glacial lineages of Arctic char in Newfoundland
and Labrador
ABSTRACT #78
1

While previous research has suggested the presence of multiple glacial lineages of Arctic char (Salvelinus
alpinus) in Newfoundland and Labrador, the extent of secondary contact in these areas has remained undescribed. We sequenced a portion of the D-loop region in over 1000 Arctic char samples from 67 locations across
Newfoundland and Labrador in order to create a detailed account of the distributions of the Arctic, Atlantic,
and Acadian glacial lineages in this region. We found evidence of widespread introgression between Atlantic
and Arctic lineages in Labrador. Two locations in Labrador (one landlocked and one with access to the sea)
contained individuals of the Acadian lineage. To our knowledge this represents the first evidence of an Acadian
invasion into Labrador. Atlantic and Acadian lineage individuals were found on both the east and west coasts
of Newfoundland, indicating the extensive colonization of Newfoundland by these two lineages. Our results
include the characterization of a number of previously undescribed Arctic, Atlantic and Acadian lineage haplotypes including a unique Atlantic haplotype found in several anadromous Labrador populations. This study
reveals Newfoundland and Labrador to be a unique junction of three glacial lineages and significantly expands
our understanding of the colonization history of Arctic char.
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RILEY, S.1, BINDER, T.2, TUCKER, T.3, KRUEGER, C.2, 1U.S. Geological Survey; 2Michigan State University; 3University of Toledo.
Islands in the ice stream: were spawning habitats for native salmonids in the Great Lakes created by
paleo-ice streams?
ABSTRACT #90
Lake trout Salvelinus namaycush, lake whitefish Coregonus clupeaformis, and cisco Coregonus artedi are
salmonid fishes native to the Laurentian Great Lakes that spawn on rocky substrates in the fall and early winter.  
After comparison of the locations of spawning habitat for these species in the main basin of Lake Huron,
surficial substrates in the lake, and the locations of fast-flowing paleo-ice streams during the last (Wisconsonian)
glaciation, we hypothesize that mechanisms acting within the beds of paleo-ice streams were responsible for
the creation of much of the spawning habitat for these species in Lake Huron. We further suggest that paleo-ice
streams may have been responsible for the creation of native salmonid spawning habitat throughout the Great
Lakes and elsewhere in glaciated landscapes of the northern hemisphere. Our hypothesis may represent a new
framework for the identification and protection of spawning habitat for these native species, some of which are
currently rare or extirpated in some of the Great Lakes.

PARASITES & PREDATORS CONCURRENT SESSION
BOONE, E.1, QUINLAN, H.1, 1U.S. Fish and Wildlife Service.
Occurrence of Salmincola spp. on Brook Trout Salvelinus fontinalis in Tobin Harbor, Isle Royale.
ABSTRACT #130
Parasitic copepods of the genus Salmincola (family Lernaeopodidae) infect salmonid fishes and are commonly
referred to as gill lice or gill maggots. Common attachment sites include body surfaces, gills, and fins of their
host. In this study, Brook Trout Salvelinus fontinalis were collected from 2005 to 2017 in Tobin Harbor, Isle
Royale via boat electrofishing and angling. The host sample was macroscopically examined for the presence of
gill lice. The distribution of Salmincola spp. in the gills of brook trout from Tobin Harbor was atypical with few
individuals being uninfected. Overall, host size influenced the prevalence and intensity of Salmincola infections
on brook trout. Prevalence was negatively correlated with the percentage of substock (< 20 cm) fish captured
each year suggesting that size structure of the host sample influenced the prevalence of Salmincola spp. Of the
76 hosts not infected with Salmincola spp., 79% were less than 20 cm in length. The majority of substock fish
were not infected or displayed a light infection in the gills, whereas the majority of preferred-plus (> 40cm)
size hosts were infected at either moderate or heavy levels. Similarly, host condition varied by size. Relative
weights of stock (20 – 29 cm) and quality (30 – 39 cm) size fish were significantly higher than relative weights
of substock and preferred-plus size fish. The accumulation of large quantities of lice in the gills could explain
the declining trend in condition scores and could be reaching levels that are impacting life-sustaining processes.
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POPULATION ECOLOGY & DYNAMICS & LIFE HISTORY
CONCURRENT SESSION
SVENNING, M.1, POWER, M.2, 1Norwegian Institute of Nature Research; 2University of Waterloo.
Does enhanced juvenile growth in Arctic charr lead to a change in anadromy? A field experiment in the
sub-Arctic Lake Møkkelandsvatn, North-Norway
ABSTRACT #110
Partial migration may be explained as polymorphism with equal fitness for migrants and residents, and it has
been suggested that good feeding conditions in freshwater habitats will increase growth in juvenile fish and
favour residency. The occurrence of residents and migratory individuals may therefore be density dependent,
such that residency is favoured when density is low and feeding opportunities are good. In contrast it has also
been shown that rapidly growing juvenile fish migrate at the youngest age, which suggests there is a threshold
size for migration and that increased juvenile growth may trigger anadromy. Numerous lake systems in northern
Norway have dense populations of Arctic charr (Salvelinus alpinus) dominated by small and slow-growing
fish, and with a small proportion of migratory fish. We hypothesize that improved growth conditions for Arctic
charr in these lakes may increase the proportion of migratory fish. To test this, we set up a whole-lake intensive
fishing experiment to improve the growth of young fish in the densely populated Lake Møkkelandsvatn, NorthNorway. The experimental mass removal of more than 30 000 Arctic charr reduced population density and
improved growth in juvenile Arctic charr. Moreover, the number of migrating smolts increased significantly
during the experimental period, suggesting that increased juvenile growth favoured anadromy, and that it is
possible to increase anadromy in Arctic charr by reducing fish density.

KISSINGER, B.1, SWANSON, H.2, REIST, J.3, TONN, W.4, 1Alberta Environment and Parks; 2University of
Waterloo; 3Fisheries and Oceans Canada; 4University of Alberta.
Use of marine influenced waters by Lake charr (Salvelinus namaycush) throughout Arctic North America
ABSTRACT #81
Lake charr is commonly regarded as a stenohaline freshwater species, and the least saline-tolerant member
of the Salmoninae. This view is supported by laboratory studies showing reduced ionoregulatory abilities in
various salinities when compared to close relatives, as well as typical habitat associations. While lake charr
are most often found in freshwater, recent research indicates that lake charr can and do use marine-influenced
environments in Arctic ecosystems. Life histories we have documented in addition to strict freshwater populations include: semi-anadromous, defined as a fish that migrates from fresh to brackish water at some point in
life; and, brackish-water resident, defined as a fish that completes its life cycle within brackish-water environments. To date, we have identified 22 locations spanning much of the North American Arctic coast where lake
charr exhibit life histories that use marine-influenced environments (1 brackish-water resident and 22 semianadromous). The objectives of our research are to 1) describe the geographic extent of these life histories, 2)
describe commonalities among locations where these life history types occur, and, 3) compare life history traits,
such as size, age, and condition, between life history types and among locations. Information on the use of
marine-influenced environments by lake charr will further our understanding of the evolutionary history associated with ionoregulation in Salmoninae and factors influencing its distribution and relative occurrence. These
data demonstrate significant differences in Arctic lake charr ecology in comparison with southern populations
and will inform fisheries management in Arctic regions in the context of increasing anthropogenic stressors.     
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SITAR, S.1, GOETZ, F.2, JASONOWICZ, A.3, SEIDER, M.4, 1Michigan Department of Natural Resources;
University of Wisconsin - Milwaukee; 3University of Washington; 4U.S. Fish and Wildlife Service.
Differences in lipid content of lake charr ecotypes in Lake Superior
ABSTRACT #38
2

Four ecotypes of lake charr are extant in Lake Superior that differ in bathymetric distribution and exhibit
resource polymorphism. Prior studies indicate that lipid levels significantly differ between the two most
common ecotypes with siscowets having higher muscle fat than the lean lake charr. In contrast, little is known
about the lipid levels of the humper and redfin ecotypes.  During spring, summer, and fall of 2013-14, we
measured lipid levels and diet composition of leans, siscowets, humpers and redfins collected from waters
surrounding Isle Royale, Lake Superior.  Lipid levels were measured indirectly on every fish in the field with
a Distell fatmeter and levels were verified on a subsample of individuals using Soxhlet extraction.  Potential
relationship between diet and lipid levels was assessed by estimating dietary similarity between ecotypes
using Schoener’s index.  We measured significant differences in lipid levels between ecotypes with siscowets
having the highest level and redfins the lowest.  Leans had the second highest lipid level with humpers the third
highest. Lipid levels measured by the fatmeter and by biochemical analysis were highly correlated over a wide
range of levels exhibited by the ecotypes. We measured significant dietary overlap between all ecotypes with
the exception of large fish > 700 mm.  These results indicate that differential lipid levels in lake charr ecotypes
was not explained by differences in diet but likely has an environmental and/or genetic basis.   In prior studies,
difference in lipid levels between leans and siscowets was demonstrated to be a heritable trait.

VINSON, M.1, SWANSON, H.2, 1U.S. Geological Survey, 2University of Waterloo.
Lean and Siscowet Lake Char Trophic Overlap in Lake Superior
ABSTRACT #123
Sympatric lake char Salvelinus namaycush, morphotypes are known to differentiate based on their trophic
ecology. Previous studies of the two most common lake char morphotypes in Lake Superior, lean and siscowet
lake char, have reported high and low diet overlap. We suggest that differences among studies reflect variability
in study design; principally, depth of habitats sampled, sample size, and data analysis methods. In this presentation, we synthesize a large, multi-year data set of stomach content and stable isotope data, and report on how
resource partitioning between morphotypes varies among seasons, with depth of capture, and through ontogeny.
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PECQUERIE, L.1, MURPHY, C.2, SLOAN, W.3, WILSON, C.3, SHUTER, B.3, FELT, B.2, 1Laboratoire des
Sciences de l’Environnement Marin (LEMAR), Institut de Recherche pour le Développement; 2Michigan State
University; 3Ontario Ministry of Natural Resources and Forestry.
Applying Dynamic Energy Budget (DEB) theory to lake trout to better understand stock-specific life
history traits
ABSTRACT #108
Understanding how organisms allocate energy towards physiological processes, such as growth and reproduction, and how these allocations change with stress(ors) and impact life history traits is important for management. We developed a Dynamic Energy Budget (DEB) model for lean lake trout (Salvelinus namaycush) based
on data from a hatchery experiment where individuals from 4 different lake trout stocks were raised under
shared environmental conditions for 6 years after reaching maturity. This model relies on well-tested properties of Dynamic Energy Budget theory, which predicts individual growth, development and maintenance as a
function of food density and temperature conditions, and has been applied to numerous fish species (salmonids
in particular). The hatchery fish were treated to 4 different food regimes and individuals were monitored for
growth and lipid content every 6 weeks. Each year at spawning, eggs were counted and measured and some egg
samples were fertilized from stripped milt where egg survival and length at swim-up was measured. Modeling
this particularly valuable dataset for a long-lived species allowed us to relate known stock specific patterns such
as growth and   fecundity, to specific DEB parameters related to energy mobilization and allocation. We discuss
how the range of parameter values we obtained can provide insights on the physiological processes underlying
charr population polymorphism and how stressors can potentially differentially impact populations. As DEB
theory provides rules for transferring parameters to related species, we discuss how our approach could be
extrapolated to other charr populations and other species to predict effects of stressors on less studied systems.
GALLAGHER, C.1, MORRISON, C.1, LEA, E.1, HOWLAND, K.1, 1Fisheries and Oceans Canada.
The biology of rarely observed female stream-resident Dolly Varden in the Canadian Arctic
ABSTRACT #76
Migratory tactics in animals engender life history trade-offs in patterns of resource allocation towards maintenance, growth, and reproduction which affect various traits to maximize fitness. Tactics vary among and within
species and populations. One example is migration dimorphism (‘partial migration’) where a population is
composed of resident and migratory individuals which can lead to differences in body size between migratory
phenotypes (e.g., smaller-sized resident and larger-sized migratory phenotypes). In salmonid populations with
access to the sea, the resident and anadromous tactic is almost exclusively dominated by males and females,
respectively due to differences in reproductive trade-offs. Stream-resident male northern Dolly Varden (Salvelinus malma malma) have been documented throughout its North American distribution. However, the biology
of the rarely observed female stream-resident life history in North America has never been characterized.
Only three specimens from different river systems have been collected in the Western Canadian Arctic. Otolith
strontium confirmed no previous ocean migration. Resident females had similar colouration as resident males
and were of similar sizes (<300 mm fork length) apart from one resident female that was as large (360 mm) as
the smallest anadromous female. Although fecundity was lower and egg diameter similar, the gonado-somatic
index of female residents was relatively high compared to their anadromous counterpart. Monitoring the relative
abundance and characterizing the biology stream-resident females is relevant in the context of a warming Arctic
if changes in freshwater aquatic productivity decreases the tendency of anadromous behaviour in a species
where the anadromous form supports important subsistence fisheries.
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FROST, F.1, 1Maine Department of Inland Fisheries and Wildlife.
Use of a captive breeding program and chemical reclamation to successfully restore a Maine charr population at risk of extirpation
ABSTRACT #139
Reproduction and recruitment of Arctic charr (Salvelinus alpinus) was documented at Big Reed Pond after
the successful eradication of rainbow smelt (Osmerus mordax) by chemical reclamation. These wild charr
originated from fish reintroduced to Big Reed Pond from a captive breeding program developed from feral fish
captured over four years prior to reclamation.  Smelt were an invasive fish in this charr system having been
confirmed present at Big Reed Pond in 1991.  We documented a precipitous decline in the charr population after
smelt became established. Prior to treatment with rotenone in 2010, the spawning area for charr was unknown.
Using radio telemetry a spawning concentration of adult charr was located in November 2015. In 2017 we
sampled three distinct age classes of wild fish with the oldest originating from spawning in the first year after
reclamation. The ten year project is a success in restoring one of Maine’s 12 endemic charr populations. The
same restoration model was applied to one other water, also the recipient of invasive rainbow smelt, which was
chemically reclaimed in 2012. We are currently evaluating options for recovery of two other populations where
chemical reclamation is not practical.  Invasive fish introductions continue to be the foremost conservation issue
for charr in Maine.

HUCKINS, C.1, MATTHYS, T.1, DANHOFF, B.1, BAKER, E.2, 1Michigan Technologial University;
Michigan Department of Natural Resources.
Coaster Brook Charr Population Surveys and Restoration of their Spawning Site by Removal of Fine
Sediments
ABSTRACT #98
2

Adfluvial Brook Charr, Salvelinus fontinalis, commonly known as coasters, provided a popular and important
fishery in Lake Superior until their abundance and distribution greatly declined by the late 1800s to early 1900s.
Today remnant populations with this migratory life history are known to persist in only a small number of tributaries around the basin. The Salmon Trout River, Marquette County, Michigan, is a south-central Lake Superior
tributary known to maintain a remnant breeding population of coaster Brook Charr. Few adults were detected
during visual surveys of coasters on known spawning areas in this river in 2004 and 2005. Although subsequent
surveys revealed improvements, likely related to restrictive harvest regulations initiated in 2004, the population remains small with mean of 134 ± 68 (SD) spawning adults detected annually 2006-2016. The recovery
of this coaster population is likely limited by land use activities in the watershed that are resulting in drastic
increases in sedimentation of streambed substrates. For example, since 2004 the percent sand within streambed
substrates of the primary spawning site increased 3-4 fold up to 98%. This downstream site has a lower gradient
and greater sand aggradation than at the other spawning sites, and the two most recent surveys have revealed
proportionately fewer adults aggregating at this site during spawning season. In 2013 we hydraulically removed
sand from this spawning site and that fall redds increased 4-fold. The annual electrofishing survey the following
summer revealed increased densities of age 0 and yearling Brook Charr in the site, motivating us to continue
this restoration activity.
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MORITA, K.1, SAHASHI, G.2, MIYA, M.3, SATO, Y.4, KAMADA, S.5, KANBE, T.5, ARAKI, H.5,
Hokkaido National Fisheries Research Institute, Japan Fisheries Research and Education Agency; 2University
of Tokyo; 3Natural History Museum and Institute; 4University of the Ryukyus; 5Hokkaido University.
Ongoing localized extinctions of stream-dwelling charr populations in small dammed-off habitats
ABSTRACT #13
1

Habitat fragmentation caused by damming can greatly impact the population viability of aquatic animals.
Fragmented populations become small, which increases the risk of extinction due to increased demographic,
genetic and environmental stochasticity. A previous study showed that white-spotted charr often do not occur
in dammed-off habitats, and the probability of their absence increased with a diminishing watershed area and a
longer isolation period (Morita and Yamamoto, 2002, Conser. Biol.), suggesting that localized extinctions would
occur. However, little empirical evidence is available to demonstrate that smaller populations are more vulnerable to extinction in the wild. In this study, we censused the occurrence of white-spotted charr in 30 dammed-off
habitats where their presence was confirmed 15 years ago. Based on intensive electrofishing and environmental
DNA, we identified three localized extinctions. Moreover, the probability of extinction significantly increased
with a decreasing watershed area. In addition, the relationship between the size of watershed area and the
extinction probability was within the range of the previous forecast model when the isolation time was set to 15
years. In contrast, in one dammed-off habitat where white-spotted charr were absent 15 years ago but where an
efficient fish ladder had since been installed, we confirmed a moderate density of white-spotted charr, indicating that this species also has a capacity to rapidly recolonize newly reconnected habitats. Our results suggest
that localized extinctions of this species in the small dammed-off habitats are ongoing, whereas efficient fish
migration corridors can increase the probability of their persistence in the near future.

KLEMETSEN, A.1, KNUDSEN, R.1, AMUNDSEN, P.1, 1University of Tromsø, Norway.
Return of the Trout
ABSTRACT #16
Takvatn in northern Norway was a lake with only brown trout (Salmo trutta) until arctic charr (Salvelinus
alpinus) was introduced in 1930. After a few decades, trout became rare. In the early 1980s, they made up less
than 1% of the charr density. All fish, also trout, were small and in bad condition. A culling programme took
out 80% of the charr population during 1984-89. In charr, the effect was break-down of ontogenetic habitat
shifts, increased growth and condition, changed diet and reduced parasite loads. Here, we show that the culling
of charr also had strong effects on trout. First, individual growth had increased already in the middle 1980s and
trout up to 8 kg were recorded. Second, the relative trout density in the littoral zone increased from the very low
pre-culling level to 10-30 % in 1990-2003 and 40-65 % in 2004-2017. We discuss how the culling of charr has
given consistent long-term effects on trout that are closely coupled to the life history changes in the charr population. The new stable state in Takvatn has lasted for 4-5 generations. This suggests that a tipping point between
two alternative stable states has been passed, and that the bi-stability is maintained by competitive release and
predation effects from trout and cannibalistic charr. We think that similar dynamic relations between charr and
trout are possible in lakes where they live alone or with few other fishes.
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HOXMEIER, J.1, DIETERMAN, D.1, BINDER, R.1, SPENCE, D.1, STAUFFER, K.1, 1Minnesota Department of Natural Resources.
Native charr replaces invasive brown trout in a Minnesota stream over 37 years.
ABSTRACT #109
Brook charr (Salvelinus fontinalis) are the only native stream charr in the Midwestern United States. Competition with invasive species, degraded habitat, and a warming climate have threatened brook charr populations
throughout their native range in North America. In particular, brown trout (Salmo trutta) have been shown to
displace brook charr when the two are sympatric. We annually monitored population dynamics of brook charr
and brown trout in a Minnesota stream from 1981 to 2017 (37 years). Both species increased in abundance
during the first 23 years of monitoring.  During the most recent 14 years, brown trout abundance steadily
decreased while brook charr continued to increase. Adult brook charr abundance increased from 25/km in
1981 to a high of 2192/km in 2013. Adult brown trout abundance increased from 101/km in 1981 to a high of
646/km in 1999 before decreasing to 4/km in 2012. Contrary to previous observations and predictions, brook
charr displaced brown trout without direct fisheries management intervention.  During this time period, both
air temperatures and brown trout abundance increased in the region. Carrying capacity of the stream may
favor brook charr as maximum brook charr biomass (352 kg/ha) was higher than that for brown trout (231 kg/
ha). Reasons for why brook charr outcompete brown trout in this reach are unclear; however, current long-term
monitoring efforts are measuring both biotic and abiotic variables to help better understand trout dynamics
in these coldwater streams. This study provides a rare example of a native species outcompeting an invader
without direct management intervention.

SEIBEL, D.1, BLADO, B.1, CURRAN, T.1, 1Wisconsin Department of Natural Resources.
Using Fyke Nets to Survey Spring Pond Char and Fish Communities
ABSTRACT #54
Spring ponds are generally small (less than 5 surface acres), headwater springs with permanently discharging
outlet creeks flowing into and contributing to the ecology of trout streams.  Spring ponds are coldwater ecosystems and native brook char waters. Some spring ponds have been naturalized by brown and rainbow trout.
Many are isolated, small, and deep and most have bottoms consisting of deep layers of marl and organic silt
making surveying the fish communities difficult or impossible with traditional electrofishing gears or seines. In
2017, we surveyed two spring ponds using two different sizes of nylon fyke nets.  Two mini-fyke nets, 2 feet
high X 3 feet wide with 33 foot leads and 0.1875 inch stretch mesh throughout, and two fyke nets, 4 feet high
x 6 feet wide with 75 foot leads and 0.7500 inch stretch mesh, were fished at the same time in two separate
spring ponds to determine: 1) if fyke nets will adequately survey the char populations in spring ponds, 2) if fyke
nets will survey other members of the fish communities in spring ponds, and 3) if mini-fyke nets and regular
fyke nets work similarly in regards to sampling the char and non-salmonid populations. Both sizes of fyke nets
surveyed the adult char populations adequately. Due to the larger mesh of the bigger fyke nets, they did not
capture small char or most of the forage species representatively. Mini-fyke nets are a viable method to survey
char and fish community assemblages in spring ponds.
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ZHU, X.1, GALLAGHER, C.1, HARWOOD, L.1, HOWLAND, K.1, 1Department of Fisheries and Oceans
Canada.
Multimodel statistical framework for CPUE standardization of a migratory Dolly Varden from the Arctic
ABSTRACT #141
The northern form of the Dolly Varden population has sustained an important traditional subsistence resource
for Gwich’in and Inuvialuit communities, and was assigned as ‘special concern’ because of recent declines.
In order to assess the population dynamics and consequence of conservation actions, we developed a multimodel statistical framework to explore and standardize fishery-dependent catch per unit effort (CPUE) for an
anadromous Dolly Varden population in the Rat River, 1996-2014. Data exploration was exercised to examine
the outlier, collinearity, equal variance and zero-catch, leading to a total of 3821 effective CPUE observations
included. We constructed six generalized linear and zero-inflated models to evaluate the inter-dependence of the
observed CPUE and possible uncertainties due to changes of capture history, capture characteristics and environmental conditions. Assessed by AIC values, hurdle and zero-inflated negative binomial models were identified as the best working models and AIC weight was used for multimodel inference of estimated CPUE from
both working models. One-way ANOVA and post-hoc pairwise comparisons using Bonferroni indicated two
conspicuous temporal abundance pulses, corresponding to early and elongated upstream migration in 1998 and
strong age-five cohorts in 2008. Despite commonalities across spatial sites, there was important biocomplexity
in the form of disparate shifts in seasonal migration behaviours and variation in the environmental variables
influencing feeding duration in the coastal marine, migration timing and alternative life history strategies. We
recommended continued monitoring program to be able to refine climate-based and environmental predictive
tools to help manage the anadromous Dolly Varden populations in the Canada west arctic.

HE, J.1, 1Michigan Department of Natural Resources.
Using linear mixed model to evaluate lake trout age determination based on the method of Maxilla
section
ABSTRACT #149
We selected the best linear mixed model to evaluate age determination to lake trout collected from Michigan
waters of Lake Huron, and the age determination was based on the method of maxilla section. Our model
allowed us to explicitly quantify standard deviation of age determination, specific to age groups.  The model
results also allowed us to identify typical issues in lake trout age determination based on the maxilla section
method. Thus, our evaluation of the accuracy and precision of lake trout age determination can be more directly
used in age assignment quality control and explicitly guide the improvement of age assignments to large lake
trout samples during the processes of annual stock assessment.
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CHARR MANAGEMENT/CHARRS AS EXOTIC INVADERS
FUKUI, S.1, KOIZUMI, I.1, 1Hokkaido University.
Genetic structures of nonnative brook trout in Japan: low diversity, low dispersal, and low invasiveness?
ABSTRACT #80
Biological invasion has the greatest threats to global biodiversity. Molecular techniques are useful for the
managements of non-native species because they can unravel introduction routes and potential invasiveness.
Brook trout (BT) is native to eastern North America, but has been introduced worldwide including Europe and
Japan. The ecological impacts are especially serious in western North America: endangered species, such as bull
trout and cutthroat trout, have been threatened. Although intentional and unintentional introductions have been
conducted in several watersheds in Japan, self-sustaining populations have been established only in four watersheds. It would be useful to characterize the genetic structures of BT to understand the genetic features that
might limit their invasiveness. Here, we examined the four feral populations of BT using 13 microsatellite and
a portion of mitochondrial DNA. While at least five divergent lineages have been observed in BT in their native
range, all the Japanese populations had a few mtDNA haplotypes with only a few mutational steps. Diversities of microsatellites were also low especially populations considered to be secondary introductions from the
presumed donor population. Genetic divergence within a watershed was substantial (Fst = 0.10-0.19), indicating
highly restricted dispersal. In addition, a significant temporal change in allelic composition was observed (Fst
= 0.07). Therefore, relatively low invasiveness of Japanese BT may be partly due to low genetic diversity and
dispersal ability. Comparative studies with invasive populations (e.g. western North America) should shed light
on the genetic mechanisms influencing invasive success of stream salmonids.

JACOBSON, P.1, HANSEN, M.1, OLMANSON, L.2, JOHNSON, L.3, 1Minnesota Department of Natural
Resources; 2University of Minnesota; 3Natural Resources Research Institute, University of Minnesota Duluth.
Reconstructing lake trout oxythermal habitat: disentangling the effects of climate and eutrophication
ABSTRACT #144
Minnesota lakes lie at the southern edge of the range of lake trout Salvelinus namaycush, where they are vulnerable to the effects of climate and land use change. Longer durations of stratification and increased productivity
have likely decreased late-summer hypolimnetic oxygen concentrations in many lakes throughout the state. The
effects of these multiple stressors can be disentangled using modern niche modeling methods that partition their
effects on hypolimnetic oxygen concentrations. Climate effects can be reconstructed using existing weather
station data back to the late 1800s. Eutrophication effects can be reconstructed using lake nutrient models that
incorporate land use. The effects of both of these stressors on oxythermal habitat will be quantified for the 100
native lake trout lakes in Minnesota.
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KANSTAD-HANSSEN, O.1, POWER, M.2, SVENNING, M.3, 1Ferskvannsbiologen AS (Ltd.); 2University of
Waterloo; 3Norwegian Institute for Nature Research.
A 20 years perspective on mass removals of Arctic charr from three regulated lakes in north Norway.
ABSTRACT #117
Norway produces approximately 50% of all European hydropower, and consequently, a high proportion of
Norwegian lakes are regulated and subjected to unnatural and large annual water level fluctuations that deteriorate littoral zones. Many of these lakes have simple fish communities dominated by Arctic charr (Salvelinus
alpinus) and/or brown trout (Salmo trutta). Both species suffer, and in Northern Norway, the hydro power
regulations have resulted in stunted Arctic charr populations and/or diminished populations of brown trout. The
hydro power companies are required to take compensatory measures aimed at improving the growth, body size
and quality of individual fish. Mass removal of fish has proven successful in unregulated lakes with stunted
charr, but has never been tried in regulated systems. In this study a mass removal was initiated in three regulated
lake systems in Northern Norway containing sympatric Arctic charr and brown trout. Mass removal in the first
two-three years equaled 1-3 kg/ha of Arctic charr and declined to only 0.1 to 0.5 kg/ha in the following 4-10
years. Even under low fishing pressure post-removal, improved fish quality (growth, size and condition) was
maintained as was the shift from a littoral zone dominated by stunted charr to one dominated by fast growing
brown trout. The continuation of the positive removal effects suggests removal is a potentially useful tool for
managing and improving the quality of fish populations in regulated systems.

TAYLOR, C.1, RIDOUT, G.1, MIDDEL, T.1, RIDGWAY, M.1, 1Harkness Laboratory of Fisheries Research,
Ontario Ministry of Natural Resources.
Lake Opeongo Lake Trout Fishery: Long Term Monitoring of a Long-Lived Species in a Long Lasting
Fishery
ABSTRACT #45
Lake Opeongo, in Algonquin Provincial Park, is a large, deep oligotrophic lake with a self-sustaining native
Lake Trout (Savelinus namaycush) population. In 1936 an access point creel survey was established on it
primarily in response to the completion of a highway through the Park and an anticipated increase in angling
effort due to easier access from the family car â€“ at the time a technological breakthrough. The survey has been
in operation continuously since 1936 during the Lake Trout angling season, completing 82 seasons this past fall.
It is one of the longest monitored recreational fishery in the world. In addition to increased effort, many changes
in the fishery have taken place on Lake Opeongo since the inception of the survey including the introduction of
Lake Cisco (Coregonus artedii) in late 1950s, an increased use of technology by anglers, and shifts in the angler
demographics. We provide an overview of the impacts these changes have had upon the Lake Trout fishery and
fish population by examining long terms trends in harvest and effort rates, catch and release practices, angler
demographics, and biological parameters such as growth, maturity, and Lake Trout diet diversity.
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ZYMONAS, N.1, KENT, M.2, BANNER, C.1, HOGANSEN, M.1, 1Oregon Department of Fish and Wildlife;
Oregon State University.
Pathogen Risk to Bull Trout Populations and Reintroduction Efforts in the Upper Willamette Basin
ABSTRACT #133
2

One element of the recovery effort for bull trout in the Willamette Basin has been a reintroduction program consisting of direct translocation of bull trout fry to recipient streams in 1993–2005 and a head-start captive-rearing
program in 2007–2013. In 2013, exceptionally high mortality (82%) and a high incidence of deformities
occurred among captive-reared fry. We used radiography, necropsy, and histology and found a strong association with infection by the trematode parasite Nanophyetus salmincola. Experimental exposure studies similarly
produced high intensity infections, deformities, and mortality, whereas we found no infections or deformities in
specimens brought directly from the donor tributary for examination. Surveys for the Juga spp. snail host of N.
salmincola in the basin and examination of incidental bull trout mortalities and surrogate fishes indicated that
bull trout spawning areas occur in colder stream reaches upstream of the snails, but fish in downstream reaches
may acquire relatively heavy loads of metacercariae. Infections of N. salmincola commonly occur without
associated obvious skeletal deformities in other salmonid species, and it is plausible that the infection is more
pathogenic to early juvenile bull trout, which apparently have not co-evolved with the parasite. Moreover,
parasites such as N. salmincola may contribute to higher mortality among juvenile bull trout that move downstream too early, and this may become increasingly important if changes in habitat conditions bring earlier onset
or increased intensity of contact between juvenile bull trout and parasites while also restricting suitability of
potential reintroduction sites.

DISTRIBUTION, PALEOECOLOGY, & GLACIAL ECOLOGY
RIDGWAY, M.1, MIDDEL, T.1, BELL, A.1, 1Harkness Laboratory of Fisheries Research, Ontario Ministry of
Natural Resources.
Fortress Brook Trout: Importance of the Algonquin Park Landscape in Conservation of Salvelinus
fontinalis
ABSTRACT #42
The declining status of Brook Trout in its eastern native range has been well documented and points to current
and future conservation concerns. Climate change and faunal homogenization are two key factors in loss and
reduction of this species’ range from southern populations in streams to northern lakes. Some jurisdictions
are predicting near complete loss of this native species. Algonquin Park in south central Ontario is home to
over 400 lake populations of Brook Trout and many kilometers of stream habitat with Brook Trout. All fourth
order watersheds in the park have a wide distribution of brook trout. This landscape is a dome of high elevation
relative to the surrounding area and therefore a headwater region for many watersheds in this area of the
province. The park possesses a natural fall line in elevation and many barriers are mapped allowing for assessment of protection status for different lakes and watersheds.  Introduced species are mapped and are shown to
be relatively limited in their distribution thus restricting faunal homogenization. Climatically the park landscape
is further north than indicated by latitude. Brook Trout populations are mapped and their co-occurrence with
yellow perch and other species known to limit either productivity or presence is presented. Algonquin Park is
shown to be an important area for future conservation of this species of charr.
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WILSON, C.1, ALSHAMLIH, M.2, ANDREOU, D.3, RIDGWAY, M.1, 1Ontario Ministry of Natural
Resources and Forestry; 2Trent University; 3Bournemouth University.
Pleistocene to Anthropocene influences on genetic structure and diversity of brook trout in Algonquin
Park, Ontario
ABSTRACT #128
Algonquin Park in southeastern Ontario is a special place for brook trout. Situated on a bedrock dome with
high-quality coldwater habitats in a forested landscape, the park encompasses the headwaters of multiple
watersheds and supports more than 400 self-sustaining brook trout populations. Genetic mapping has detected
multiple gene pools among brook trout populations in the park, with their genetic structure and diversity reflecting multiple influences over 12,000 years of continuous history, from patterns and timing of glacial retreat
to stocking and exploitation pressures. Across most of the park, large-scale patterns of genetic relationships
among populations reflect colonization events during glacial retreat, subsequent isolation among watersheds,
and historical and contemporary connectivity within watersheds. Superimposed on this, populations in more
accessible and recently protected parts of the park show evidence of introgression from historical hatchery
stocking, as well as facilitated introgression from angler exploitation pressure. This has resulted in genetic
homogenization among a number of populations regardless of geographic separation or proximity, and is correlated with ease of angler access.  Results from historical matched-plant stocking experiments also show differential contributions from wild and hatchery fish, as well as varying contributions from stocked hatchery strains.  
Despite clear evidence of human influences on a number of wild populations, however, the majority of populations in the park have retained their native ancestry, and comprise a geographic stronghold for the species.

GENETICS & EVOLUTION/ TAXONOMY & SYSTEMATICS
GORDEEVA, N.1, ALEKSEYEV, S.2,3, KIRILLOV, A.4, VOKIN, A.5, SAMUSENOK, I.5, 1Vavilov Institute
of General Genetics, Russian Academy of Sciences; 2Koltzov Institute of Developmental Biology, Russian
Academy of Sciences; 3Severtsov Institute of Ecology and Evolution, Russian Academy of Sciences; 4Yakut
Department of Federal State Unitary Enterprise ‘‘Gosrybcentr’’; 5Irkutsk State University.
Phylogeography of Arctic charr in the European part of Russia and in Siberia as revealed by the analysis
of nucleotide sequences of mitochondrial DNA
ABSTRACT #18
We analyzed sequence variation of mtDNA control region (537-547 b.p.) in 89 individuals from 25 water
bodies of the European part of Russia and Siberia. In most of them, haplotypes of the Atlantic or of the Siberia
phylogenetic groups sensu Brunner et al. (2001) were found. The results of phylogenetic analysis indicate low
segregation between these groups, for that reason they are considered as two subgroups of a single Eurasian
group; the composition and ranges of these subgroups are specified. Charr with haplotypes of the Atlantic
subgroup were found in Karelia, at Kola Peninsula, Polar Urals, Novaya Zemlya archipelago, Taimyr; charr
with haplotypes of the Atlantic subgroup, in Transbaikalia, in mountainous upper reaches of the Yana and the
Indigirka basins and in the lower reaches of the Anabar. Both subgroups reveal weak geographical structuring at
large geographic scale. Besides, in the lower Anabar basin Arctic charr bearing a haplotype of the Bering group,
which introgressed in their genome from the northern form of Dolly Varden were recorded. Our results evidence
a wide-scale post-Pleistocene dispersal of the anadromous form of the Atlantic subgroup charr throughout the
Atlantic and Arctic Oceans drainage basins; common origin and close phylogenetic relationships of Arctic charr
of the Siberian subgroup from different regions of Siberia and their possible migrations between these regions
during the Pleistocene glacial maxima. They also confirm the participation of charr from Beringia in the colonization of Siberian Arctic coasts and indicate that they dispersed further to the west than previously known.
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GRIFFIN, J.1, MITRO, M.1, LARSON, W.2, ROWE, D.3, 1Wisconsin Department of Natural Resources; 2U.S.
Geological Survey; 3Wisconsin Cooperative Fishery Research Unit.
Using new Brook Trout genetics research to improve Wisconsin’s trout stocking program and to protect
wild Brook Trout populations
ABSTRACT #22
Wisconsin Department of Natural Resources (WDNR) created a ‘wild’ trout stocking program in 1995 to
improve the genetics of trout stocked to restore wild populations. This program has evolved over the years by
utilizing advances in genetics research to improve our stocking program and to protect the genetic integrity
of wild brook trout Salvelinus fontinalis populations where they exist. In 2016 the WDNR began a new brook
trout genetics study in collaboration with the University of Wisconsin-Stevens Point (UWSP) using data from
multiple states in the Midwest and hatchery sources from the East Coast to better define and understand brook
trout population genetics throughout Wisconsin. Results of the new genetic analyses determined that certain
brook trout populations, which were to have genetics representative of wild brook trout, actually have genetics
indicative of domestication. Using the new genetics research on Wisconsin brook trout, our objectives for
improving Wisconsin’s trout stocking program and for protecting wild brook trout populations include: (1)
Update definitions of genetic stock boundaries. (2) Update guidance on broodstock collection and hatchery
propagation practices. (3) Update guidance on trout stocking practices. We will continue to work with UWSP,
collecting and analyzing more brook trout populations around the state.

LOPEZ, A.1, 1University of Alaska Fairbanks.
Genetic diversity of Lake Trout in Alaska
ABSTRACT #136
Lake Trout (Salvelinus namaycush) populations are broadly distributed across drainages partitioned by the
Alaska and Brooks mountain ranges. This geographic context combined with glacial history help shape the
composition of Alaska’s freshwater fish fauna. To understand the relative roles of glacial history, geography and
ecology in the evolution of high latitude fish species requires a detailed and robust estimates of phylogeography.  
We characterize genetic variation in a set of Lake Trout populations from Arctic drainages in Alaska using
a reduced representation genotyping by sequencing approach. The objectives of this study are to identify a
genomic-scale set of informative loci to examine the fine-scale population structure and phylogeography of
Lake Trout across Alaska, and to measure the extent of differentiation between populations in Arctic drainages
relative to those found elsewhere in North America.
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MAMOOZADEH, N.1, MEEK, M.1, 1Michigan State University.
Using genomics to investigate the relative influence of genetics and environment on population diversity
and structure, hatchery impact, and life history strategy for brook trout (Salvelinus fontinalis) in the
Lake Superior basin
ABSTRACT #160
Brook trout (Salvelinus fontinalis) have been historically abundant throughout the Lake Superior basin, but
habitat loss and degradation, competition with non-native species, and unregulated or poorly managed fishing
effort have resulted in significant declines in the abundance and distribution of this species over the past
several decades. Such declines have prompted a number of conservation efforts, including the augmentation or
restoration of native brook trout populations with hatchery-reared fish. Hatchery strains exhibiting riverine or
potadromous life history forms have been stocked in locations throughout the Lake Superior basin; however,
the success of such efforts has been regionally variable. In this study, we survey genome-wide single nucleotide
polymorphisms (SNPs) to investigate questions related to genetic diversity and connectivity for brook trout
sampled along the United States portion of the Lake Superior basin. We use restriction-site associated DNA
sequencing for initial SNP discovery, then identify a SNP panel useful for efficiently and economically genotyping thousands of samples. Resulting genotype data is analyzed to determine spatial genetic diversity, fine-scale
population structure, and the impact of stocking on neutral and adaptive genetic variation. We also assess the
influence of environment on genetic diversity, population structure, and stocking success by evaluating spatial
patterns of genetic and environmental variation. Finally, we compare genomic profiles corresponding with
potadromous and riverine brook trout to investigate the genetic basis of life history strategy. Collectively, results
from this study will improve our understanding of strategies effective for brook trout conservation, and assist
the prioritization of populations for management intervention.
KNUDSEN, R.1, POWER, M.2, ELORANTA, A.3, SANDLUND, O.T.3, 1UiT The Arctic University of
Norway; 2University of Waterloo; 3The Norwegian Institute for Nature Research.
Introduction of Introduction of Mysis relicta (Mysida) reduces niche segregation between deep water
Arctic charr morphs
ABSTRACT #53
Based on habitat use, stomach contents, stable isotopes and trophically transmitted parasites, three morphs of
Arctic charr, the ‘normal charr’, the deep-water ‘dwarf charr’ and the piscivore ‘grey charr’, have separated
niches in Lake Limingen (Central Norway). Mysis were introduced in the 1970’s to compensate for reduced
food resources following hydropower operations. The ‘normal charr’ dominates the survey-net catches in the
uppermost water column (0-10 m) while the abundance of the other morphs increased with depth and were
most frequent below 30 m. The present-day diet (prey abundance) assessed from stomach contents, Mysis
constituted 18% in ‘normal charr’, 35% in ‘grey charr’ and 39% in ‘dwarf charr’. Generally, all charr in the
upper-most water column (<30 m depth) had a diet dominated by zooplankton (>53%). In contrast, Mysis
dominated the diet (50-60%) in deeper waters (>30m), irrespective of charr morph. Mysis and/or zooplankton
prey groups caused high diet overlap (>62%) between the ‘dwarf charr’ and the other two morphs (the ‘normal’
and the ‘grey’ charr). Excluding Mysis, the diet overlap dropped to 44% between the two deep-water morphs,
as the ‘dwarf charr’ fed on deep-water zoobenthos (39%), while the ‘grey charr’ fed on fish (59%). The timeintegrated trophic niches indicated by trophically transmitted parasite and stable isotope (δ13C, δ15N) analyses
supported the relatively high niche overlap between the three charr morphs. The high importance of Mysis in
the diet of the deep-water morphs may potentially have reduced niche segregation and thereby increased the
probability of hybridization between the charr morphs.
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SITAR, S.1, TRAYNOR, D.1, 1Michigan Department of Natural Resources.
Differences in pyloric caeca counts between lean and siscowet lake trout in southern Lake Superior
ABSTRACT #40
There are four documented morphotypes of lake trout (Salvelinus namaycush) in Lake Superior, with the two
dominant forms being the shallow water lean and the deep water siscowet.  These morphotypes are differentiated externally by morphometrics and meristics. Pyloric caeca counts have been used to distinguish closely
related fish species including the Salvelinus genus. From samples collected in 2009, 2011-2013, and 2017, we
counted and measured pyloric caeca from 116 lean and 119 siscowet lake trout from southern Lake Superior.
For a subset of 22 leans and 19 siscowets between 575 and 625 mm, we measured individual pyloric caecum
basal diameter, length, and estimated individual caecum and total caeca surface areas.  Siscowets had significantly fewer and thicker pyloric caeca than leans, but caecum length did not differ between the morphotypes.  
Mean pyloric caeca count for siscowets and leans was 131 and 153, respectively. Mean individual caecum
surface area was 31 % higher in siscowets than in leans. When adjusted for mean total number of pyloric caeca,
total caecum surface area for siscowets was 12 % greater than leans. We postulate that greater pyloric caecum
surface area in siscowets may be an adaption for greater lipid uptake because they have substantially higher
lipid content than leans.  Based on our findings, pyloric caeca counts can be used in addition to other meristic
and morphometric characteristics to help distinguish lean and siscowet lake trout.

MOVEMENT, BEHAVIOUR, & HABITAT
CHICOINE, S.1, LEONARD, J.1, 1Northern Michigan University.
Effects of winter and summer thermal variability regines on growth and metabolism in Brook Trout
(Salvelinus fontinalis)
ABSTRACT #101
Brook trout (Salvelinus fontinalis) is a cold-water species with a narrow range of thermal tolerance. Climate
change projections show that in addition to increases in average temperatures worldwide, daily thermal variability is increasing. Such conditions could prove challenging for brook trout and other ectotherms that are adapted
to small temperature ranges. This research investigates how the growth and metabolic capacities of brook trout
respond to long-term exposure to thermal variation. Groups of fish were reared under three thermal regimes:
constant baily temperature, a 4°C daily range, and an 8°C daily range in a controlled lab setting. This was
completed once in the winter centered on 6°C, and once in the summer centered on 12°C. The mass and length
of fish from each group was measured to assess growth rates, and blood was drawn to measure circulating
cortisol levels. At the end of each treatment exposure series, fish from each group were subjected to swimming
respirometry to assess metabolic and energetic capacities.  The growth data showed no significant effect of the
treatments in either season. Cortisol levels were elevated in response to temperature variability under winter
conditions, but not during the summer conditions. Respirometry revealed no significant metabolic differences
between treatment groups. These findings suggest that brook trout possess substantial resilience to increased
thermal variability, but that the effects on cortisol levels are different under winter and summer conditions.
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HARRIS, L.1, MOORE, J.S.2, TALLMAN, R.1, YURKOWSKI, D.3, SWANSON, H.4, 1Fisheries and Oceans
Canada; 2Université Laval; 3University of Manitoba; 4University of Waterloo.
The use of otolith microchemistry to investigate the anadromous migrations of Arctic char, Salvelinus
alpinus, from the Cambridge Bay region of Nunavut
ABSTRACT #67
Fishes are remarkably variable, exhibiting some of the most notable examples of intra-specific and intrapopulation variation in life history traits and migratory strategies. Anadromous chars in particular can vary
markedly in the age at which individuals within a population first migrate to marine habitats (i.e., age-at-first
migration) and, in iteroparous species, the frequency of these migrations. Arctic char, Salvelinus alpinus, is the
most northerly distributed freshwater fish species, and is a traditional and commercial food resource throughout
its range. Despite its significant importance wherever it occurs, there is still a dearth of knowledge and a lack of
empirical data on migratory ecology of this species. Here, we used otolith strontium profiles (N=101) to investigate the migratory ecology of Arctic char among five discrete populations from the Cambridge Bay region
of Nunavut. Age-at-first migration was variable among and within populations, with individuals first going to
sea between 3 and 21 years of age. There was a negative linear, albeit non-significant, relationship between
age-at-first migration and river length. Finally, only 20% of the samples analyzed showed evidence of skipped
migration which was lower than initially hypothesized based on conceptual models of the reproductive biology
of this species in the region. Future modelling of growth based on changes in the width of otolith growth increments may help shed light on the condition of individuals in years that they opt to undertake marine migrations.
Overall, these results increase our collective understanding of the evolutionary and ecological mechanisms that
drive migratory variability in this species.

LEITRANTS, C.1, 1Ontario Ministry of Natural Resources and Forestry.
Predicting critical Brook charr and Salmonid thermal habitats in Lake Superior streams using GIS
models
ABSTRACT #95
Suitable water temperatures are critical for Salmonid survival as temperature regulates an array of their physiological processes and prolonged occupancy in warm habitats can cause stress or death. Surface and subsurface
water inputs along streams often contribute colder water to a localized portion of a stream thus maintaining
thermal refugia for stream dwelling fish. Thermal refugia caused by surface and subsurface flow inputs may be
an essential habitat feature needed for Salmonid survival, particularly Brook charr which have been shown to
occupy colder areas within stream reaches during warm summer conditions. However, the relationship between
the abundance and distribution of Brook charr (and other Salmonids) and the presence of surface and subsurface flow pathways along larger stream segments is not well understood. We used GIS models to predict flow
pathways along a stream which contribute surface and subsurface flow. The number of predicted flow pathways
was counted for a set distance upstream from Lake Superior (5 and 10km) and the relationship between the
number of predicted flow pathways per km and Salmonid catch-per-unit-effort from electrofishing surveys was
evaluated with linear regression. Preliminary results suggest a positive relationship between the number of
predicted flow pathways per km and total salmonid catch indicating that the models may be useful in identifying
critical Salmonid habitats in Lake Superior tributaries. Further work to validate GIS models and expand the
number of streams samples is underway with the goal of improving our understanding of the role flow pathways
in providing thermal habitat for stream Salmonids.
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OLSON, K.1, PISZCZEK, P.1, 1Wisconsin Department of Natural Resources.
Evaluation of the short-term impacts of a beaver impoundment on brook trout and three non-native
salmonids in Rocky Run, Wisconsin, USA
ABSTRACT #35
Beaver dams have been shown to negatively impact salmonid populations in some of Wisconsin’s low gradient
streams. To limit this impact, the Wisconsin Department of Natural Resources has dedicated significant
resources to beaver (Castor canadensis) control. Recent studies from the western United States indicate that
beaver dams may benefit salmonid populations in higher gradient systems. To evaluate the short-term impacts
of beaver on sympatric brook trout (Salvelinus fontinalis), brown trout (Salmo trutta), rainbow trout (Oncorhynchus mykiss) and coho salmon (Oncorhynchus kisutch) in a high gradient stream (6 m/km), we compared
salmonid population attributes, salmonid movement and water temperatures between a newly created beaver
impoundment (1-2 years old) and two free-flowing reference sites. Brook trout density and biomass were
substantially greater in the beaver impoundment, while densities and biomass of brown trout, rainbow trout
and coho salmon were lower or like reference reaches. Salmonid beaver dam passage, evaluated by a markdisplacement study, indicated brook, brown and rainbow trout, across a range of sizes (TL = 11-25 cm), passed
the 0.9 m high beaver dam in an upstream direction. Water temperatures were 2.3°C warmer downstream of
the beaver impoundment during summer but our study design precluded us from attributing this increase solely
to the impoundment. Continued monitoring will be necessary to determine the long-term impacts of beaver on
salmonid populations in this reach. This study highlights the need for research evaluating the impact of beaver
dams on brook trout in Wisconsin, particularly in high gradient streams with sympatric non-native salmonids.

SIGURJONSDOTTIR, H.1, FISKOVICA, E.1, HORTA- LACUEVA, Q.1, OLAFSDOTTIR, J.2,
KAPRALOVA, K.1, 1University of Iceland; 2Institute of Freshwater and Marine Institute.
Aggressive behaviour of males and females of Arctic Charr in the largest spawning site in Lake
Thingvallavatn
ABSTRACT #94
Reproductive behaviour of the LB (large benthivorous) arctic charr has been studied in lake Thingvallavatn,
Iceland, during two episodes. First in the late eighties, which resulted in a paper published in 1989 and the
film Reproductive behaviour of arctic charr in lake Thingvallavatn, and again last year. Filming was done
in both cases during the peak of the spawning season in the first week of August during daylight hours. The
results show that the typical spawning behaviour of the species has not changed in these 30 years. On the
spawning site the males outnumber the females, which make redds on the lava bottom and the males take either
a guarding or a satellite position. The satellites are on average smaller and sneak into the redd in an attempt to
fertilize eggs. Data collected on cameras allowed us to measure (1) density at selected redds, (2) aggressive
behaviour of both females towards both guarding males and sneakers and males towards each other and (3) how
density, which fluctuates between reds and time of day, affects aggression rates.
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SVENNING, M.1, BORGSTRØM, R.2, 1Norwegian Institute of Nature Research; 2Norwegian University of
Life Sciences.
Diel and seasonal microhabitat use and diet in Arctic charr and brown trout in a sub-arctic lake
ABSTRACT #96
Both abiotic and biotic factors influence niche use in assemblages of freshwater fish species. Sympatric Arctic
charr (Salvelinus alpinus) and brown trout (Salmo trutta) appear to be segregated in habitat use and diet but
few studies have focused on their diel and seasonal microhabitat use and diet. We sampled fish monthly during
the ice-free season (June - October) with gillnets set parallel to the shore at 1.5, 3, 6 and 12 m depth with each
net covering the whole vertical water column. Exact capture site of each fish (distance from shore and distance
from bottom) and size and age were registered. Catch per unit effort varied throughout season with Arctic charr
dominating in early summer and in deeper waters and brown trout dominating in late summer and autumn and
in shallow waters. All size/age groups of trout were captured both day and night although smaller/younger trout
were caught more frequently during the darkest periods, while smaller/younger charr were exclusively caught
during the darkest nights. In June and July, the smaller trout used shallow areas and increased in frequency in
the pelagic zone at night in late autumn. In spring and early summer, brown trout fed mostly on “bottom prey”
during day and night, while in late summer and autumn they fed in open water as well. Stomach filling in charr
increased in late autumn and most were bottom feeders. Microhabitat use are discussed in relation to capture
site, water temperature, diet, light conditions and predator avoidance.
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PARASITES & PREDATORS
PATERSON, R.1, KNUDSEN, R.2, 1Cardiff University; 2UiT The Arctic University of Norway.
Local climate gradient constrains Arctic charr trophic niche and parasite community
ABSTRACT #153
Climate gradients over latitudinal scales have the potential to simultaneously influence both the trophic niche
and parasite community of fish hosts. However, climate gradients may also operate across localised geographical or altitudinal scales. Here we investigated the influence of local climatic gradients on the trophic position
and parasite community of sympatric Arctic charr and brown trout populations from central Norwegian lakes.
At high altitude, charr dominated pelagic and deep benthic habitats, with trout restricted to littoral habitats;
whereas at low altitude charr were restricted to deep benthic habitats only. Diet and parasite community composition also reflected this habitat shift, with a change in the dominant prey consumed and parasite taxa, in
addition to an overall increase in parasite infection burdens with decreasing altitude. Our results indicate that
climatic gradients over relatively limited geographical distances have the potential to result in divergent fish and
parasite community structure.

POPULATION ECOLOGY & DYNAMICS & LIFE HISTORY
BELL, A.1, RIDGWAY, M.1, 1Harkness Laboratory of Fisheries Research, Ontario Ministry of Natural
Resources.
Brook Trout Abundance Assessment with a Single Survey Pass: Incorporating Detection Probability from
Multi-Pass Surveys
ABSTRACT #69
Algonquin Park in Ontario, Canada, is home to numerous Brook Trout lakes that vary in size, depth, and
fish community. All Brook Trout populations are self-sustaining.  Multi-pass gillnetting surveys using the
North American standard gillnet set for a one hour duration have been conducted since 2012 to assess Brook
Trout abundance without using mark/recapture methods. This monitoring approach accounts for the bias that
imperfect detection can have on abundance estimates. Multi-pass data have been analyzed using the RoyleNichols model of occupancy which infers occupancy based on site-level abundance via a parametrization
that includes the detection parameter ‘r’. ‘r’ differs from other detection parameters as it is the probability of
the individual being detected at the site rather than the species being detected. This probability was found to
negatively correlate with maximum lake depth allowing for prediction of ‘r’ for unsampled lakes with known
maximum depth. Using a predicted ‘r’ and area-weighted CUE, detection-corrected abundance estimates can
be calculated using single-pass data. The benefit of this method is the lower cost and easier implementation
of a single pass gillnetting survey for this species using only one hour set times that minimize mortality – an
approach built on the recognition that detection is always the key consideration in any monitoring program.
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HANSEN, M.1, NATE, N.2, MUIR, A.3, BRONTE, C.4, KRUEGER, C.2, 1U.S. Geological Survey; 2Michigan
State University; 3Great Lakes Fishery Commission; 4U.S. Fish and Wildlife Service.
Life history variation among four lake trout morphs at six locations in Lake Superior
ABSTRACT #24
Life history traits were compared among four morphs of lake trout at four widely separated locations in Lake
Superior (Big Reef, Grand Marais, Isle Royale, Klondike Reef, Stannard Rock, and Superior Shoal). Of 2,006
lake trout sampled, 334 were humpers, 384 were leans, 460 were redfins, and 828 were siscowets.  Density
(fish/net) varied 8-fold among locations: 5 at Grand Marais, 8 at Big Reef, 15 at Stannard Rock, 22 at Superior
Shoal, 25 at Isle Royale, and 40 at Klondike Reef. Life history parameters varied significantly among locations
and morphs, and variation was greater among locations than morphs. Among morphs, humpers were smallest,
redfins were largest and oldest, leans grew fastest to the largest size at maturity and asymptotic size, and
siscowets were plumpest and most buoyant. Among locations, lake trout were largest at Big Reef, oldest at
Superior Shoal, plumpest at Klondike Reef, and grew fastest to the largest size at maturity and asymptotic size
at Grand Marais. We conclude that life history variation among four morphs of lake trout was consistent with
differential habitat use in waters around six widely distant locations Lake Superior.

SMALÅS, A.1, STRØM, J.F.1, AMUNDSEN, P.1, PRIMICERIO, R.1, 1UiT-Arctic University of Norway.
Effects of climate warming and size-selective fisheries on Arctic charr populations at high latitudes
ABSTRACT #99
Climate warming is rapidly changing the environment of Arctic charr populations. Increasing temperatures are
expected to have fast and extensive impact on this cold water species. Arctic charr poulations in northern Fennoscandia are valuable both for sustenance and recreational fisheries. We applied an Individual Based Model
(IBM) parametrized for Arctic charr to study the combined effects of water-temperature increase and gillnet
size-selective harvesting on size structured Arctic charr populations. In the model, climate change effects are
mediated by temperature dependent growth to investigate the implications for yield and vulnerability of the
harvested populations. The analyses were applied both retrospectively, using long-term temperature and growth
data, and prospectively, using modeled lake water-temperature as a function of air temperature projections
from climate models under the rcp 4.5 and 8.5 scenarios, up to the year 2100. Our results indicate, in allopatric
populations of Arctic charr, the potential for increased growth rates as the water-temperature increase, which is
also reflected in increased abundance and biomass. However, moderate fishing intensity will mask this positive
effect of increased temperature. In light of our findings, we suggest adaptations of fisheries management strategies to mitigate the impact of future climate warming.
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SMALÅS, A.1, HENRIKSEN, E.1, KNUDSEN, R.1,2, AMUNDSEN, P.A.1, GJELLAND, K.2, DAHLHANSEN, G.3, HANSEN, K.4, PRIMICERIO, R.1, 1UiT-Arctic University of Norway; 2NINA - Norwegian
Institute for Natural Resources; 3Akvaplan-NIVA; 4Ferskvannsbiologen AS
Temperature size-rule in Arctic charr (Salvelinus alpinus): Altitude and latitude differences indirectly
shape life histories
ABSTRACT #162
Growth, development and body size are important life history traits that are effected by temperature and the
availability of resources. Trade-offs between life history traits might be different depending on the experienced
abiotic factors, thus the environment shape trade-off regimes and therefore also life history strategies of ectotherms. Many fish species undergo ontogenetic niche shift through development. Whether it is possible or not
to perform ontogenetic niche shifts are important in deciding life history strategy for Arctic charr (Salvelinus
alpinus (L.)). Here, we investigate how a gradient of altitude, latitude and lake surface area indirectly affect life
history strategy of 32 different Arctic charr populations in sub-Arctic Norway. This was conducted using multivariate statistical tools (PCA and RDA). Following the temperature-size rule, maximum body size, age and size
at maturity increased with increasing altitude and latitude, but growth early in life decreased. On the contrary,
populations inhabiting lakes with low latitude and altitude, grew faster, but reached a smaller final body size
and lower age and size at maturity. The possibility of performing ontogenetic niche shifts was also found to be
important determining life history strategies, in lakes where this was less likely, Arctic charr tend to grow fast,
but reach a small final body size. Their life history resembled the ones from lakes with low altitude and latitude.

SVENNING, M.1, POWER, M.2, 1Norwegian Institute of Nature Research; 2University of Waterloo.
Long and slim; body size and downstream migration in anadromous Arctic charr
ABSTRACT #112
Growth rates of freshwater fish vary greatly both within and among stocks of anadromous salmonids.  Anadromous Arctic charr (Salvelinus alpinus) migrate to sea in the spring, and reside in coastal waters for ca 40 days
before returning to freshwater. Sea-survival seems to be correlated with the size or the age of the fish, i.e. while
more than 80 % of repeat migrants survive, first-time migrants suffer a mortality of up to 75 % during their searesidence. Size therefore seems to be a critical factor for determining anadromy survival. It has been suggested
that feeding conditions in freshwater habitats yielding high juvenile growth rates may lead to residency in
salmonids. Alternatively, is has been suggested that the most rapidly growing juveniles in a population migrate
to sea at the youngest age/size, indicating that rapid juvenile growth may increase anadromy in Arctic charr.
We tested this experimentally in a lake system in North Norway by releasing a group of juvenile charr reared in
a hatchery for 14 months that differed in lengths, weights and condition factors. We found that the individuals
that migrated to sea were significantly larger, but had a significantly lower condition factor than non-migrating
fish. Results suggest that size and condition are critical determinants of migratory behavior (anadromy) in Arctic
charr.
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TALLMAN, R.1, MARTIN, Z.1, HARRIS, L.1, WILEY, S.1, FULTON, S.1, 1Department of Fisheries and
Oceans Canada.
Some simple rules for assessments of data limited Arctic Salvelinus stocks
ABSTRACT #71
Stock assessment of Salvelinus populations in the Canadian Arctic is challenging due to geographic scale and
remoteness, the complexity of the Charr life cycles, and the paucity of long term monitoring data. Nevertheless, DFO is responsible for 195 commercial stocks and many new exploratory stocks in Nunavut and the
Northwest Territories. We describe a triaged approach to assessment based on classifying stocks into high
priority, regional priority, secondary priority and exploratory categories based on their importance to the goals
of fisheries management in the Arctic region.  Fisheries management sets the priority level for stocks based on
their commercial fishery value, political importance and other non-biological characteristics of the fishery.  High
priority stocks are assessed using conventional sampling and sophisticated modeling techniques such as statistical catch-at-age and Bayesian modeling for priority stocks. Regional priority stocks are assessed using intermediate to data-limited modeling approaches such as; productivity-susceptibility-analysis (PSA), life history
invariant and catch based modeling (e.g. depletion corrected average catch for stocks where data is limited). The
remaining stocks are assessed using a simple conservation rule for sustainable harvest when time series data
is too limited for modeling. Examples of recent stock assessments using the various analytical approaches are
presented.

REPRODUCTIVE ECOLOGY & DEVELOPMENTAL ONTOGENY &
PHYSIOLOGY
ALEKSEYEV, S.1, PICHUGIN, M.2, SAMUSENOK, V.3, GORDEEVA, N.1, YUR’EV, A.3, KHLYSTOV,
V.3, MATVEEV, A.3, 1Russian Academy of Sciences; 2Lomonosov Moscow State University; 3Irkutsk State
University.
Diversity of reproductive strategies of Arctic charr in Transbaikalia
ABSTRACT #17
An important factor of Arctic charr diversification is the divergence of reproductive strategies promoting reproductive
isolation. Transbaikalia is an area of intensive charr speciation; however, due to the remoteness of mountain populations
data on charr reproduction in this region are scarce. We investigated spawning patterns of Arctic charr  in 9 lakes differing
in size, depth, elevation, temperature regimes and food resources. High variety of these patterns with respect to spawning
time, duration, location and depth of spawning grounds and bottom substrate was revealed. Spawning in different populations and sympatric forms takes place in early autumn, late autumn, spring, summer or during more than one season, in
the littoral or profundal zone, over rocks or silt and proceeds from two weeks to at least seven months, while difference in
spawning time between intralacustrine forms can reach five months.   An important driver of the divergence in breeding
habits is the competition for spawning grounds, which generally forces smaller less competitive forms to spawn in
atypical time and/or place facing the risk of high egg mortality. The limits for such deviations from optimal conditions
are imposed by physical parameters of the lakes, e.g. in coldwater high-elevation lakes summer spawning is possible in
the littoral zone, while in lower lakes, only in the isothermic profundal zone. We present more detailed information on
autumn and spring spawning in parapatric populations of interconnected lakes Kiryalta-3 and  Kiryalta-4 and analyze first
results of rearing experiments with progeny from artificial crosses within and between different charr populations/ forms.
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NAGLER, J.1, BANGS, P.2, MEDEIROS, L.1, PIERCE, A.3, 1University of Idaho; 2Alaska Department of
Fish and Game; 3Columbia River Inter-Tribal Fish Commission.
Lack of a relationship between plasma insulin-like growth factor-1 concentrations and female reproductive development in a wild population of Dolly Varden charr (Salvelinus malma)
ABSTRACT #14
Insulin-like growth factors (IGFs) are endocrine agents that signal growth in vertebrates. Because of the
important interplay between growth and reproduction it has been hypothesized that the endocrine control of the
growth axis has a connection to the reproductive axis. Evidence suggests that IGFs provide this link in fishes.
This study investigated seasonal patterns and relationships between IGF1, fish condition, and gonadal development in a wild population of female Dolly Varden charr (Salvelinus malma) during the summer growing season
prior to spawning. Fish (n = 25/trip) were captured from a population inhabiting Florence Lake on Admiralty
Island, Alaska on five sequential sampling trips (April 20-24, June 14-16, July 25-28, August 23-25, October
3-4, 2006). Body and gonad morphometric measurements, and blood plasma samples were obtained. The
plasma samples were analyzed for IGF-I using a time-resolved fluorescence assay specific for this hormone. The
IGF-I data showed a seasonal increase during the summer months that correlated with fish condition in early
summer. The gonadosomatic index data showed a pattern of advancing reproductive development in one cohort
of the sampled fish by August indicative of impending spawning compared to an immature (non-reproductive)
cohort. However, there was no clear relationship between plasma IGF-I levels that was predictive of the
sexually maturing cohort. The conclusion is that IGF-I is not a useful endocrine marker of advancing reproductive state in female Dolly Varden charr, but does relate to fish condition during the summer growth period.

TROPHIC ECOLOGY, TOXICOLOGY, & POLLUTION
BARST, B.1, HUDELSON, K.1, CHUMCHAL, M.2, FISK, A.3, DREVNICK, P.4, 1 nstitut national de la recherche
scientifique, Centre Eau Terre et Environnement (INRS-ETE); 2Texas Christian University; 3University of Windsor;
4
Alberta Environment and Parks.
The introduction of non-native fish changes diet and mercury levels in native brook charr (Salvelinus fontinalis)
ABSTRACT #74
Parc National de la Mauricie (PNLM) is a federal park located in eastern Canada between the cities of Montreal and
Quebec. Prior to formation of the park around 1970, many of the lakes in the la Mauricie region were used by fishing
clubs. In an attempt to increase fishing opportunities, the fishing clubs introduced many non-native fish species to supplement native brook charr (Salvelinus fontinalis) populations in the lakes. Non-native species of fish provide potential food
sources to native fish and possibly a new pathway for the transfer of contaminants, such as mercury (Hg). In order to
better understand how non-native fish species influence the biomagnification of mercury in PNLM, we sampled the water
and food webs of eight lakes, representing a dissolved organic carbon (DOC) gradient, within the park from 2010 to 2013.
In four of the lakes (Caribou, Maréchal, Baie Cobb, Onze Îles), brook charr are the only fish species present, and the
remaining lakes (Alphonse, Écarté, Bésace, du Fou) contain both populations of brook charr and non-native fish species
(pearl dace and/or creek chub). Water samples from the eight lakes were analyzed for DOC content, and total and methylmercury (MeHg). Periphyton, zooplankton, benthic macroinvertebrates, and fish were analyzed for: 1) stable carbon
(δ13C) and nitrogen (δ15N) isotope ratios, and 2) total Hg and MeHg. Total Hg and MeHg in water increased linearly
with DOC concentration across the study lakes. Similarly, Total Hg concentrations in brook charr increased linearly with
DOC concentration across the study lakes, however the rate of increase was greatest in invaded lakes, indicating that DOC
is not the sole driver of Hg concentrations in brook char. Mean δ15N values of brook charr were highest in lakes containing non-native fish, suggesting charr from these lakes feed at higher trophic positions. With the exception of Alphonse,
brook charr from the invaded lakes had significantly higher total Hg concentrations than in fish from lakes with charr as
the only fish species. Collectively, these results suggest that brook charr in invaded lakes feed on non-native fish leading to
increased exposure to Hg. Our research is valuable to managers who wish to minimize Hg exposure in native fish species.
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CORSI, M.1, HANSEN, M.2, QUIST, M.2, SCHILL, D.1, 1Idaho Department of Fish and Game; 2U.S.
Geological Survey.
Influences of Lake Charr and Mysids on kokanee population dynamics in Lake Pend Oreille, Idaho
ABSTRACT #151
Recent research on Lake Pend Oreille, Idaho, has focused on the influence of two potential limiting factors
for kokanee Oncorhynchus nerka: competition with Mysis diluviana (Mysids) and predation by Lake Charr
Salvelinus namaycush.  Abundance of age-6 and older Lake Charr was estimated to be 1,792 fish in 1999,
56,880 fish in 2007 and 26,787 fish in 2016 after 11 years of suppression activities.  Mysid densities were stable
throughout the 1980s -2000s, but the population inexplicably collapsed in 2012. Mysids have since rebounded
to approximately 38% of their long-term average density.  These population fluctuations have represented major
perturbations to the food web, apparently altering both top-down and bottom-up dynamics. Prior to Mysid
collapse, the kokanee production-biomass relationship followed a Ricker model. Observations since Mysid
collapse indicated a marked increase in kokanee production at high levels of biomass, approximately twice what
the Ricker model predicted for carrying capacity. We have concurrently observed an increase in the slope of the
age 1 to age 2 kokanee cohort relationship since implementation of Lake Charr suppression programs, thereby
indicating a predation effect.  These findings indicate Mysids have a strong ability to influence density-dependent effects within the kokanee population, which should determine the extent that production can compensate
for predation effects.

DREVNICK, P.1, TREMBLETT, K.1, MACDERMID, F.2, NATCHER, D.3, BRUNET, N.3, JARDINE, T.3,
JONES, P.3, 1Alberta Environment and Parks; 2Cold Lake First Nations; 3University of Saskatchewan.
Community-led monitoring of a cold-water fishery in Alberta’s Oil Sands
ABSTRACT #120
The governments of Canada and Alberta jointly have the responsibility to detect and report on biotic responses
to oil sands development activities in northern Alberta. Western science-based fish monitoring is conducted on
the main stem and tributaries of the Athabasca and Peace Rivers, but does not adequately address Indigenous
communities concerns’ on the health of and contaminants in traditional food resources (fish) and the ability to
maintain practices, traditions, and customs in rivers and lakes in Alberta’s three oil sands regions. We are developing a program in which communities define questions for study, local harvesters collect samples and generate
traditional knowledge (TK) and western science data, and evaluation and reporting are collaborative efforts.  We
are applying this approach to (initially) monitor fish harvested by the Cold Lake First Nations (CLFN) from
Cold Lake (AB/SK), including lake charr (Salvelinus namaycush). CLFN established a steering committee to
define questions and develop TK indicators.  Harvesters, including elders and youth, collect fish and generate
data on catch and fish health (TK indicators and standard fish health assessment) and send tissue samples to
the University of Saskatchewan for ageing, food web (d13C and d15N), and contaminant (metals and PAH)
analyses. Our ultimate goal is to enable Indigenous communities in the oil sands area to build meaningful
and sustained monitoring programs that address community concerns and enhance management and decision
making of natural resources.
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MILLING, A.1, 1Lakehead University.
The ecological impact of a keystone zooplankton species – Mysis diluviana
ABSTRACT #70
Mysis diluviana is a keystone omnivorous freshwater shrimp capable of drastically impacting aquatic communities. Mysis serve as a key prey source to lake trout (Salvelinus namaycush) during the transition from a plantivorous to a piscivorous diet. During summer stratification, littoral waters exceed lake trout thermal thresholds,
isolating them from feeding on forage fish that prefer nearshore habitats. There are many examples of Mysis
introductions in the attempt of boosting salmonid fish production, however, there are no studies that examine the
ecological impacts of the removing a keystone species from the aquatic environment. Through the results of a
whole-lake acidification experiment done at the Experimental Lakes Area (ELA), we have the unique opportunity to compare a lake between two time periods, whose community composition differs only in the presence or
absence of a keystone zooplankton species. Here we will examine the impact of the removal of Mysis diluviana
on the aquatic community structure. We will use isotopic signatures of lake trout to identify any changes to food
web dynamics in response to the loss of Mysis. We will be using historical data to look at species compositional
shifts in both the fish and zooplankton community, as well as changes in mercury concentration of lake trout.
Biomass estimates of top zooplankton predators will be used to determine functional group redundancy. Since
lake trout and Mysis are both cold-water species, this work has implications for understanding how aquatic
ecosystems will respond to species extirpation due to climate change.

TUCKER, T.1, ROSEMAN, E.2, RILEY, S.2, O’BRIEN, T.2, HONDORP, D.2, BOWSER, D.2, JACKSON,
S.2, 1University of Toledo; 2U.S. Geological Survey.
Reevaluation of wild juvenile lake trout diets in Lake Huron (2008 - 2017)
ABSTRACT #131
Rehabilitation efforts of lake trout Salvelinus namaycush in Lake Huron have resulted in increased recruitment
and capture of young wild lake trout in annual bottom trawl surveys conducted by the U.S. Geological Survey.
To better understand the food habits of wild juvenile lake trout, we performed diet analyses on 324 fish captured
in bottom trawls at six ports in Lake Huron during October/November 2008-2017. Lake trout ranged in size
from 46¬ to 325 mm. Most of the fish (80%) were captured at 46 and 55 m depths at the northernmost ports.
Mysis was the most prevalent diet item, found in 227 of 309 fish with non-empty stomachs (73%), followed by
Bythotrephes (31%), and round goby Neogobius melanostomus (12%). Young-of-year lake trout (<100 mm)
consumed smaller prey items such as Mysis and Daphnia, while larger lake trout (>100 mm) consumed Mysis
and small fishes. Compared to a previous diet analysis of young Lake Huron lake trout from 2004-2006, fish in
the current study consumed more unique prey items (14 vs. 6) and fish, although many of the lake trout in the
current study were larger than those analyzed in the past (74-120 mm). While the variety of taxa consumed by
young lake trout has increased since the last study period, the most commonly observed prey items after Mysis
were nonnative taxa. Mysis remain an important early food for lake trout in Lake Huron.
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