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Welcome from the Loal Organizing Committee
We would like to welcome you to the 57th Annual Meeting of the Canadian Society of
Zoologists. This year the meeting is being held at Memorial University’s campus in the
historic town of St. John’s. We are excited by the science to be presented this week, and
by the opportunity to showcase our campus and University – the largest in Atlantic
Canada.
We have an exciting (and busy) agenda encompassing many different aspects of
zoology. In keeping with our maritime history and this Province’s special relationship with
the sea, our Zoological Education Trust (ZET) lecture this year (“Health of Planet
Ocean”) will be delivered by Dr. Paul Snelgrove, while our Local Organizing Committee
(LOC) symposium features four international leaders in their fields who will discuss
various aspects of “Aquatic Ecosystems and Organisms in Transition.” You no doubt
have already heard a lot about our city and the cultural heritage of Newfoundland. But
here are some interesting biological facts. Newfoundland has the densest population of
moose and the two main rivers in St. John’s have the highest population densities of
brown trout in North America – both introduced species. The black bear in Newfoundland
is larger than its mainland relatives, and has the longest hibernation period of any bear in
North America. Over 90% of NW Atlantic seabirds breed in Newfoundland and Labrador.
Finally, the cod has been, and continues to be, of great economic, cultural and ecological
importance to our province - with the cod fishery dating back over 500 years.
We are extremely grateful to our exceptional team of volunteers, without whose hard
work this event would not have been possible. Anne Provencher St-Pierre designed the
CSZ-SCZ 2018 conference logo and Sean Hacker Teper the conference banner. Annie
Mercier (LOC) and Emy Montgomery created / designed and managed the bilingual CSZ
2018 website. Helene Volkoff (LOC), Suzanne Dufour (LOC), Emma Cooke, Anne
Beemelmanns and Rebeccah Sandrelli put together our programme book, including
doing numerous translations and the reformatting of abstracts (……yes, you really do not
know how to follow simple instructions). Danielle Nichols (Dept. of Ocean Sciences) and
Chelsie Tricco (Ocean Learning Partnership) partnered with us to organize the ZET
lecture and public event. Zoe Zrini (LOC) and Jenna MacKinnon (LOC) assisted the PDF
/ student section representatives to make sure that their events were a success (and
produced the student survival guide), and Zoe and Rebeccah spent countless hours
assisting myself and Iain with various facets of conference organization. Matt Rise
(LOC), Javier Santander (LOC) and Amanda Bates (LOC) also assisted in various ways
and provided valuable input with regards to the meeting’s organization and planning.
Finally, during your visit, you will see many student volunteers working together to
ensure that the conference is a success and that your visit here is trouble free.
This conference would also not have been possible without the valuable advice of
several past conference organizers (Brent Sinclair, Gary Anderson, Kevin Campbell and
Doug Syme), the help of the CSZ section chairs and PDF and student and PDF
councillors, and the extensive assistance from our society’s treasurer Keith Tierney, Ken
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Welsh (CSZ’s Communication Officer and Webmaster) and Kofi Garbrah…..who all
worked tirelessly to sort out all our registration, financial and other issues/queries.
Financial support for the conference was generously provided by a variety of sources
including the Company of Biologists, the Canadian Journal of Zoology, Memorial
University, the Department of Ocean Sciences (MUN), the Ocean Frontiers Institute,
Genome Atlantic, the City of St. John’s, Sable Systems International, the Zoological
Education Trust, the Journal of Experimental Biology and tradeshow participants Loligo
Systems, Fisher Scientific / Thermo Fisher Scientific and VECTRONIC Aerospace.
We are also grateful to Stephanie Holt (Aramark Catering), Joe Koerner / Mary Garnier
(MUN), CREAIT Staff (MUN) and Greg Burt (Eastern Audio Ltd.) for their invaluable
assistance with the meeting, and a number of local artists and businesses who have
contributed items for the silent auction.
We hope you enjoy your time here at the conference and get to enjoy all that St John’s
has to offer.
A. Kurt Gamperl and Iain J. McGaw
Co-Chairs, Local Organizing Committee of CSZ 2018
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Bienvenue de la part du comité organisateur local
Nous vous souhaitons la bienvenue au 57e Congrès Annuel de la Société Canadienne
de Zoologie. Cette année, le congrès a lieu au campus de l’Université Memorial, dans la
ville historique de St. John’s. Nous sommes fiers du contenu scientifique qui sera
présenté cette semaine, et de l’occasion de vous montrer notre campus et notre
université, la plus grande du Canada atlantique.
Nous avons un horaire bien rempli d’activités excitantes, qui tient compte de plusieurs
aspects de la zoologie. Étant donné notre histoire maritime et le lien privilégié entre notre
province et la mer, notre présentation du Zoological Education Trust (ZET) (“Health of
Planet Ocean”) sera livrée par Dr. Paul Snelgrove, et notre symposium du comité
d’organisation local (LOC) inclut quatre présentations par des leaders à l’échelle
internationale, portant sur différents aspects des écosystèmes aquatiques et des
organismes en transition. Vous avez sans doute entendu plusieurs choses au sujet de
notre ville et de l’héritage culturel de Terre-Neuve; voici quelques faits biologiques
intéressants. On peut trouver, à Terre-Neuve, les populations les plus denses d’orignal,
et les deux principales rivières de St. John’s contiennent les plus fortes densités de
population de truite brune en Amérique du Nord – ces deux espèces ont été introduites.
L’ours noir de Terre-Neuve est plus gros que celui qu’on retrouve ailleurs au Canada, et
a la plus longue période d’hibernation de tous les ours retrouvés en Amérique du Nord.
Au delà de 90% des oiseaux de mer de l’Atlantique Nord-Ouest se reproduisent à
Terre-Neuve et au Labrador. Et bien sûr, la morue à été (et continue d’être) d’une très
grande importance économique, culturelle et écologique pour notre province - la pêche
à la morue ayant débuté il y a plus de 500 ans.
Nous sommes très reconnaissants du travail ardu de notre équipe de bénévoles, sans
qui cet évènement n’aurait pas été possible. Anne Provencher St-Pierre a créé le logo
du congrès CSZ-SCZ 2018 conference logo et Sean Hacker Teper a créé la bannière du
congrès. Annie Mercier (LOC) et Emy Montgomery ont créé et géré le site web bilingue
du CSZ 2018. Helene Volkoff (LOC), Suzanne Dufour (LOC), Emma Cooke, Anne
Beemelmanns et Rebeccah Sandrelli ont assemblé le programme, ont fait plusieurs
traductions et re-formatté plusieurs résumés (……certains d’entre vous ayant du mal à
suivre certaines instructions simples). Danielle Nichols (Dept. of Ocean Sciences) et
Chelsie Tricco (Ocean Learning Partnership) se sont jointes à nous pour organiser la
présentation du ZET et l’évènement public. Zoe Zrini (LOC) et Jenna MacKinnon (LOC)
ont aidé le groupe de représentants de la section étudiante et post-doctorale afin
d’assurer le succès de leurs évènements (et ont produit le guide de survie étudiant). Zoe
et Rebeccah ont mis plusieurs heures à nous aider, Iain et moi, avec divers aspects de
l’organisation de ce congrès. Matt Rise (LOC), Javier Santander (LOC) et Amanda Bates
(LOC) ont aussi aide, de diverses manières, et ont participé à l’organisation et à la
planification du congrès. Pendant votre séjour, vous verrez plusieurs bénévoles
étudiants qui travaillent ensemble pour assurer le succès du congrès, de maintes
façons.
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Ce congrès a bénéficé des conseils de plusieurs organisateurs de congrès des années
précédentes (Brent Sinclair, Gary Anderson, Kevin Campbell and Doug Syme), et de
l’assistance du trésorier de notre société, Keith Tierney, du chef de communications et
webmestre de la société Ken Welsh et de Kofi Garbrah…..qui ont tous travaillé très fort à
la gestion de l’enregistrement et de différents détails financiers et autres.
Plusieurs organisations ont offert un soutien financier généreux pour ce congrès, y inclus
la Company of Biologists, la Société Canadienne de Zoologie, l’université Memorial, le
Department of Ocean Sciences (MUN), le Ocean Frontiers Institute, Genome Atlantic, la
ville de St. John’s, Sable Systems International, la Zoological Education Trust, le Journal
of Experimental Biology et les participants à notre salon: Loligo Systems, Fisher
Scientific / Thermo Fisher Scientific et VECTRONIC Aerospace.
Nous remercions Stephanie Holt (Aramark Catering), Joe Koerner / Mary Garnier
(MUN), les employés de CREAIT (MUN) et Greg Burt (Eastern Audio Ltd.) pour leur
soutien important, et nous remercions les artistes locaux et les entreprises locales ayant
contribué des articles pour la vente aux enchères.
Nous espérons que vous allez bien profiter de ce congrès et de tout ce que St John’s a à
vous offrir.
A. Kurt Gamperl et Iain J. McGaw
Co-chaires, comité organisateur local de la CSZ 2018
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Welcome from CSZ President
St. John's is one of North America's oldest European settlements, and for over 500
years, it has been visited by explorers, adventurers, fishermen and pirates. Thus, it
promises to be an exciting venue for the 57th Annual Meeting of the Canadian Society of
Zoologists. The meeting will be held at Memorial University, Atlantic Canada’s largest
University and was last held there in 1996. On behalf of the CSZ council and the LOC, I
look very forward to welcoming you to our annual gathering, whether it is your first or
your 57th CSZ meeting.
The local organizing committee, led by Kurt Gamperl and Iain McGaw, has done an
outstanding job of creating an exciting mix of oral and poster presentations, workshops,
professional development opportunities, and public engagement and social activities,
that are guaranteed to please. As always, the schedule is packed, so plan accordingly.
The closing banquet will be held at the YellowBelly Brewery, originally constructed in
1725 and one of the oldest structures in North America. It is located on George Street,
with it’s high density of bars, pubs and restaurants. This is a location in St. John’s not to
be missed. Be sure to take advantage of other surrounding attractions such as Signal
Hill, which overlooks St. John ‘s Harbour, and has been given “National Historic Site”
status and can be a great viewing platform for whales and icebergs that are iconic to the
region. While St. John’s is the foggiest, windiest and cloudiest major city in Canada, it is
culturally rich and socially warm. So enjoy the science, enjoy the socialization and enjoy
the meeting on the rock!
Colin Brauner
CSZ President
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Mot de bienvenue du président de la SCZ
St. John's est l'un des plus vieux établissements européens en Amérique du Nord et,
depuis plus de 500 ans, elle a été visitée par des explorateurs, des aventuriers, des
pêcheurs et des pirates. Ainsi, la ville promet d'être un lieu excitant pour tenir la 57e
assemblée annuelle de la Société canadienne de zoologie. La conférence aura lieu à
l'Université Memorial de Terre-Neuve, la plus grande université du Canada atlantique,
qui fut précédemment notre hôte en 1996. Au nom du conseil de SCZ et du CLO, j’ai
bien hâte de vous accueillir à notre assemblée annuelle, que ce soit votre première ou
votre 57ème conférence de la CSZ.
Le comité organisateur local, dirigé par Kurt Gamperl et Iain McGaw, a fait un travail
exceptionnel en créant un mélange excitant de présentations orales et de posters,
d'ateliers, d'occasions de perfectionnement professionnel, et d'activités sociales et
d'engagement public qui sauront plaire à tous. Comme toujours, l'horaire est bien rempli,
donc planifiez en conséquence. Le banquet de clôture aura lieu au YellowBelly Brewery,
construit en 1725 et donc l'une des plus anciennes structures en Amérique du Nord. Il
est situé sur la rue George, reconnue pour sa forte densité de bars, de pubs et de
restaurants. Ce coin de St. John's est un emplacement à ne pas manquer. Assurez-vous
de profiter des autres attractions environnantes, dont Signal Hill, un «lieu historique
national» qui surplombe le port de St. John's et constitue souvent une excellente
plateforme d'observation pour les baleines et les icebergs emblématiques de la région.
Bien que St. John's soit la ville la plus brumeuse, la plus venteuse et la plus nuageuse
du Canada, elle est culturellement riche et socialement chaleureuse. Alors profitez de la
science, profitez de la socialisation et profitez de la conférence sur cette île surnommée
the rock (le rocher)!
Colin Brauner
Président de la SCZ
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List of CSZ Conference Exhibitors/Liste des
Exposants à la Conférence de la SCZ
1) Thermo Fisher Scientifc / Fisher Scientific
Company Representatives:
Luke Richards
Teya Kareco
Kisty Reid
Girish Sardana
Arun Balachandran
2) Loligo® Systems
Company Representative:
Andreas Mørck
3) Vectronic AEROSPACE
Company Representative:
Cheryl Le Drew
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Thermo Fisher Scientific is the world leader in serving science. Customers worldwide
trust our tools and solutions to help them accelerate innovation and enhance
productivity. Together, we’re making advancements that make a real difference. We do
that by providing an unmatched combination of innovative technologies, purchasing
convenience and comprehensive support, through our five premier brands:

Thermo Scientific
Applied Biosystems
Invitrogen
Fisher Scientific
Unity Lab Services
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About Loligo® Systems
Loligo® Systems develops research equipment for aquatic biology. Our products allow scientists
all over the world to excel in the fields of swimming performance, respirometry, blood
physiology and behavior analysis in a diversity of marine and freshwater organisms. We offer
customized solutions as well as free scientific advice and support.
Loligo® Systems is based in Denmark.
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Other Sponsors / Autre Sponsors:
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Company of Biologists: http://www.biologists.com/
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GENES AT WORK

Disease Resistance Genomics research

Production Efficiency

Feed Enhancement

CONTACT US TODAY:

www.genomeatlantic.ca
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General Information / Informations Générales
Emergency Contact Numbers:
• Call 911 for general emergency (police, fire, and ambulance)
• For campus phones, dial 9 prior to dialing 911
Campus Security Services:
• St. John's Campus: 709-864-4100 (only 4100 from on campus phone)
• Any emergency phone on campus
• MUN Safe App: notifies MUN University community of emergencies and allows for
quick contact with Campus Enforcement and Patrol staff (download from Google
Play or App store)
Hospitals:
• Health Sciences Centre - General Hospital emergencies (709) 777-6300, 300 Prince
Phillip Drive (< 5 mins from campus)
• St. Clare's Mercy Hospital (709) 777-5000, 154 LeMarchant Road
Registration:
Check-In, payments, inquiries
Monday
12:00 -19:00
Tuesday
08:00 -18:00
Wednesday
08:00 -18:30
Thursday
08:00 -13:15

Bruneau Centre
Bruneau Centre
Bruneau Centre
Bruneau Centre

Note: Payments for any conference registration fees or the purchase of CSZ-SCZ
2018 mechandice can only be made by CASH or CHEQUE….payment using
credit cards will not be available.
Presentations:
Talks
Talks will be held in several rooms on campus that are in close proximity
[Science Building (SN) 2105, Bruneau Centre (IIC) 2001, and Arts Building (A-1043,
A-1045, A-1046 and A-1049)]. Please refer to schedules and campus maps, and
signage on campus. Rooms will be equipped with PC computers running Microsoft
PowerPoint 2013. No other media formats (e.g. slides) or software will be available,
and participants will not be able to connect their personal computers to the
projectors. You are requested to bring your talk on a USB key to the preview room
(A3020, follow signage in the Arts Building) and to ensure that your presentation is
loaded on the appropriate computer at least 4 hours prior to the start of your session.
Please save your PowerPoint files as ‘YOUR SURNAME CSZ 2018’. Your file will be put
20

into a folder by the AV Staff/student volunteer to bring to the room you are presenting.
Do not bring your USB/presentation to the room just prior to the session.
Poster presentations
Maximum Poster Dimensions are: 105 cm (width) × 115 cm (height). Pins for attaching
posters to the poster boards will be supplied.
The poster session(s) will be in the Bruneau Center.
Presenters will be able to put up their posters on the day of the poster session
(Wednesday May 9th). Set-up begins after 10:30, with take-down immediately
following the poster session at 18:30 (a list of posters can be found on page 57 of
programme).
Internet:
Free guest WiFi is available on campus (@Memorial-Guest)
Accommodations:
Student Residences
Suites have been reserved at MacPherson College, Memorial’s new on-campus
residence complex. These are two bedroom suites with a shared washroom and small
foyer ($109 per night plus 15% HST and 4% Tourism Marketing Levy: $130 including
taxes).For room bookings please contact ‘stay@mun.ca’ or call toll-free at
1-877-730-7657.
Nearby Hotels
We have rooms at the nearby Holiday Inn hotel, which is approx. a 15 minute walk from
Memorial’s St. John’s Campus (or a 5 minute bus ride). The cost of a standard room is
$159 plus taxes ($190 taxes included).
For reservations, contact hisj-reservations@whg.com or call 1-709-722-0506 or
1-800-914-1413, and indicate that you are with the ‘Canadian Society of Zoologists’
group booking.
Other Accommodations
St. John’s has a wide variety of accommodations available, ranging from hostels, to
airbnb’s, to B&B’s, to luxury hotels. Most of these are located in the downtown area that
is an approx. 30 minute walk, a 20-25 minute bus ride, or a $10 -12 cab ride to the
Memorial University campus. For available bus routes and schedules
see http://www.metrobus.com/systemmap.asp.
The City of St. John’s has a website where one can search for various types of
accommodation (http://www.stjohns.ca/visiting/accommodation/6437%20), and there
are various travel websites (e.g. Expedia.ca; Travelocity.ca; Hotels.com etc.) that can be
easily used to find accommodation.
21

Breakfast: For those in residence, and who have purchased breakfast, breakfast will be
served in Hatcher House. This building is just across the street and can be accessed by
using the overhead walkway and going down one flight of stairs.
Banks and Banking Machines:
ATMs on campus
•
•

Science Building Lobby (2nd floor)
University Centre (main level and lower level)

Bank locations near the St. John's campus:
•
•
•
•
•
•
•

Scotiabank, 21 Elizabeth Avenue, 576-1988
RBC Royal Bank, 65 Elizabeth Avenue, 576-4545
CIBC, Rowan Street, Churchill Square, 576 -8777
TD Canada Trust, 80 Elizabeth Avenue, 758-1850
Bank of Montreal, 384 Elizabeth Avenue, 758-2110
Newfoundland and Labrador Credit Union, 240 Water Street, 722-5824
Eastern Edge Credit Union, Fort William Building, 739-2920

Places to Eat:
On Campus
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Nearby Restaurants (walking distance)
• Bitters: Memorial University grad students pub, Field Hall (on campus; see map
on page 23 and back cover.)
• Quintanas De La Plaza : Mexican Restaurant, 57 Rowan St, St. John's, NL A1B
2X2
• Smitty's Family Restaurant: 29 Rowan St. #31, St. John's, NL A1B 2X2
• Fort Amherst Pub: 29 Rowan St, St. John's, NL A1B 2X2
• NJ's Kitchen Indian Halal Buffet: 15 Rowan St, St. John's, NL A1B 2X2
• Guv'nor Inn: 389 Elizabeth Ave, St. John's, NL A1B 1V1
Local Transportation:
Public Transit
St John’s bus service runs across town:
https://www.metrobus.com/html-default/index.asp
Fares are $2.50.
Route #10 will take you downtown and to the nearby Avalon Mall area.
Safe Walk on Campus
If you are on campus at night and would like a safe walk to your residence, call the
campus safe-walk program at Walksafe: 737-3737
Campus safewalk operates 24 hours a day, 7 days a week.
Taxi Services (no Uber in St John’s)
Jiffy Cabs (709) 722-2222
City Wide Taxi (709) 722-7777
Red & Yellow Cabs (709) 726-6666
Newfound Cabs (709) 744-4444
Bugden’s (709) 744-4400
Parking:
Parking for those in residence is $4 per day, details will be available through the check-in
desk at MacPherson College.
Memorial Employees (incl. students) who need a parking pass for the meeting can go to
https://www.mun.ca/cep/parking/visitor-parking-request-form.php and request a parking
pass. Ask for Lot 15. We recommend you do this 4 days in advance.
Metered parking is also available on campus.
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Campus Map / Plan du Campus

1. Arts and Administration
Building
2. Science Building
3. Bruneau Centre
4. University Centre

5. Bitters Graduate Pub
(Field House)
6. Hatcher Hall
7. MacPherson College
8. Child Care
24

9. Gushue Hall

Programme-At-A-Glance CSZ-SCZ 2018
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Programme of Events / Programme des Évènements
For Programme-At-A-Glance see Previous Page and Copy in Conference Bag
Monday 7 May / lundi 7 mai
CSZ Council Meeting
NSERC Workshops
Education Workshop
Diversity Workshop
Opening Reception
Fry Lecture
Post-Fry Lecture Mixer
Tuesday 8 May / mardi 8 mai
Coffee
IEE and CPB Symposia, and
PIE Contributed Session
W.S. Hoar Award Talks
AGM Lunch
Contributed Sessions
Cameron Lecture
ZET Lecture / Post-ZET Reception
Wednesday 9 May / mercredi 9 mai
Coffee
Presidents’ Award Talks
Contributed Sessions
CPB section Lunch
PIE Section Lunch
CJZ Lunch
LOC Symposium
Poster Session
Student Success Workshop
Student Meeting and Mixer
Thursday 10 May / jeudi 10 mai
Coffee
CMD and PIE Symposia,
CPB Sessions
Wardle Lecture
CMD Section Lunch
IEE Section Lunch
Contributed Sessions
Boutilier Award Lecture
Banquet and Awards / Silent Auction
Friday 11 May / vendredi 11 mai
CSZ Council Meeting

8:30-13:00
13:00-14:15
14:15-15:30
16:00-17:00
17:30-19:00
19:00-20:15
20:15-02:00

SN-2000
A-1045, A-1046
IIC-2001
IIC-2001
Bruneau Centre
IIC-2001
Breezeway (UC 1st floor)

08:00-08:30
08:30-10:30
11:00-13:00
13:00-14:30
14:30-16:30
17:00-18:00
19:00-22:00

Bruneau Centre
IIC-2001, A-1046
A-1049
IIC-2001
Main Dining Hall
see Programme-At-A-Glance
IIC-2001
IIC-2001 Bruneau Centre

08:00-08:30
08:30-10:35
11:00-13:00
13:00-14:30
13:00-14:30
13:00-14:30
14:30-16:30
16:30-18:30
19:00-20:00
20:00-02:00

Bruneau Centre
IIC-2001
see Programme-At-A-Glance
Main Dining Hall
E. Hatcher
W. Hatcher
IIC-2001
Bruneau Centre
Breezeway
Breezeway

08:00-08:30
8:30-10:30

Bruneau Centre
A-1049, A-1043,
see Programme-At-A-Glance
IIC-2001
W. Hatcher
E. Hatcher
see Programme-At-A-Glance
IIC-2001
YellowBelly Brewery

11:00-12:00
12:00-13:15
12:00-13:15
13:15-15:15
15:30-16:30
18:00-01:00
09:00-12:00
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SN-2000

Monday/lundi

Monday May 8/ lundi 7 mai
8:30-13:00

Council Meeting / Réunion du
conseil Coffee & Lunch

SN-2000

13:00-14:15

NSERC Workshops / Atelier du
CRSNG

A-1045,
A-1046

14:15-15:30

Education Workshop / Atelier
pédagogique

IIC-2001

15:30-16:00

Break / Pause

16:00-17:00

Diversity Workshop / Atelier sur la
diversité

IIC-2001

17:30-19:00

Welcome Reception /
Réception d’ouverture

Bruneau Centre

19:00-20:15

Welcome / Fry Lecture
Bienvenue / Médaille Fry

IIC-2001

20:15-02:00

Post-Fry Lecture Mixer /
Réception de la conférenge Fry

Breezeway
(1st floor University Centre)
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Monday/lundi

summary / résumé

Monday/lundi

13:00-14:15
NSERC Workshops / Ateliers du CRSNG
NSERC Grants Workshop for Faculty / Atelier de subvention du CRSNG pour les
professeurs/chercheurs principaux
A-1045
Chair: Dr. Iain McGaw

Danièle Leroux et Jennifer Bean du CRSNG fourniront des statistiques sur le dernier concours
de subventions à la découverte du CRSNG et en discuteront. De plus, de l’information sera
présentée sur les changements à venir au processus de soumission et d’examen des
subventions à la découverte, ainsi que sur les nouvelles initiatives de financement et de
partenariat de recherche du CRSNG.
Gain the Edge: NSERC Scholarship/Grant Writing Strategy Workshop /
Atelier sur les bourses d’études et la rédaction de subventions du CRSNG
A-1046
Leader: Dr. Danine Farquharson (Associate Dean, Faculty of Graduate Studies, Memorial
University)
This workshop will review the types of NSERC scholarships / fellowships that are currently
available, provide pertinent statistics / information, and review the basic components of an
application. However, the workshop will focus on helping graduate students and PDFs with
writing a more competitive NSERC application. This session will cover common pitfalls in writing,
provide examples of successful applications, and will give those attending clear strategies for
effective scholarship / grant writing. It will focus on the NSERC graduate awards, but the skills
and techniques to be discussed will be applicable to any grant application.
Cet atelier examinera les types de bourses d’études et de recherche du CRSNG actuellement
disponibles, fournira des statistiques / informations pertinentes et examinera les éléments de
base d’une demande. Cependant, l’atelier visera principalement à aider les étudiants gradués et
les postdocs à rédiger une demande CRSNG plus compétitive. Cette session couvrira les pièges
courants dans l’écriture, fournira des exemples de candidatures réussies, et proposera des
stratégies claires pour une rédaction efficace de bourses / demandes de subvention. L’accent
sera sur les bourses d’études supérieures du CRSNG, mais les compétences et les techniques
discutées s’appliqueront à toute demande de subvention.
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Danièle Leroux and Jennifer Bean from NSERC will provide statistics on, and discuss, the latest
NSERC Discovery Grant competition. In addition, they will provide information on any
forthcoming changes to the Discovery Grant submission and review process, and on NSERC’s
new and ongoing research funding and partnership initiatives.

Monday/lundi

14:30-15:30
Education Workshop / Atelier pédagogique
Demystifying Scientific Communication / Démystifier la communication
scientifique
IIC-2001
Presenters: Drs. Amanda Bates (Dept. of Ocean Sciences, Memorial University) and
Brett Favaro (Centre for Sustainable Aquatic Resources, Marine Institute - MUN)

Next, the workshop will explore how to identify the key messages of a science story.
Participants will take their research and transition it into a short, punchy, description that
gets people interested in their work.
Finally, methods for engaging in oral communication and how to communicate key
messages in an interesting and engaging manner will be shared This last topic will
emphasize talking about research within the context of networking events (i.e., meeting
new people and talking about your work) so that participants will be empowered to
practice during the CSZ meeting.
Cet atelier mettra l’accent sur l’art et la science de présenter l’information scientifique de
manière accessible à divers publics. La session débutera par une courte introduction à la
communication scientifique «pourquoi», c’est-à-dire ce que vous gagnerez en devenant
un meilleur vulgarisateur scientifique et en présentant votre recherche à divers publics,
et comment cela contribue à la diffusion des idées à l’intérieur et à l’extérieur du milieu
académique. Ensuite, l’atelier explorera comment identifier les messages clés d’une
communication scientifique. Les participants utiliseront leurs recherches et les
transposeront en une description brève et percutante qui intéressera les gens à leur
travail.
Enfin, les méthodes de communication orale et la façon de communiquer un message
clé de manière intéressante et engageante seront partagées. Ce dernier sujet mettra
l’accent sur la recherche dans le contexte des événements de réseautage (par exemple,
rencontrer de nouvelles personnes et parler de votre travail) que les participants seront
habilités à pratiquer pendant la conférence de la SCZ.
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This workshop will focus on the art and science of presenting scientific information in
accessible ways to diverse audiences. The session will begin with a short introduction to
“why” Scientific Communication, i.e., What you stand to benefit from becoming a better
science storyteller and pitching your research to diverse audiences, and how doing so
helps with dissemination of ideas both inside and outside of academia?

Monday/lundi

16:00-17:00
Diversity Workshop / Atelier sur la diversité
Decolonizing Science: Indigenous Students in the Academy and Partnerships on
the Land, Water and Ice / La décolonisation des sciences: les étudiants
autochtones à l’Académie et les partenariats sur la terre, l’eau et la glace
IIC-2001

This presentation will consist of three parts. First, a historical overview of Canada’s
Indigenous peoples and communities will be provided. Second, there will be a discussion
on how to attract, mentor and retain Indigenous students in the sciences. Lastly,
information will be provided on how to foster relationships, and develop research
partnerships, with Indigenous communities and organizations.
Cette présentation comprendra trois parties. D’abord, un survol historique des peuples et
communautés autochtones du Canada sera fourni. Deuxièmement, il y aura une
discussion sur la façon d’attirer, de guider et de retenir les étudiants autochtones dans
les sciences. Enfin, de l’information sera fournie sur la façon de favoriser les relations et
de développer des partenariats de recherche avec les communautés et les
organisations autochtones.
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Presenter: Barbara Baker (Coordinator for Aboriginal Cultural Education, Memorial
University)

Monday/lundi

19:00-20:15
F. E. J. Fry Award / Remise de La médaille F. E. J. Fry
Bruneau Centre IIC-2001
Order of Proceedings / Ordre de la prise de parole
Welcome: Dr. Kurt Gamperl, Memorial University
Dr. Mark Abrahams, Assoc. VP Research, MUN
Dr. Colin Brauner, President, CSZ
Introduction: Dr. Colin Brauner

Sexual Selection and Male Mate Choice: Insights from a Small Tropical Fish
To explain the existence of extravagant and costly traits in males, such as brilliant
colours, ornaments, songs and courtship displays, that seemed to reduce survivorship,
Charles Darwin proposed that females possess sensory preferences for such traits (a
‘taste for the beautiful’) and mate preferentially with males that express them. Through
this sexual selection process, extravagant traits in sexually attractive males evolve and
persist because of their greater reproductive success relative to less attractive males in
the population. Darwin viewed females as discriminating choosers and males as wooers
and sexual competitors for access to females. This perspective persisted through the
20th century and biased research on sexual selection. In the past 25 years, it has
increasingly become evident that males can also be choosy when seeking mates under
certain conditions. Male mating preferences and mate choice have now been
documented in several taxa, but the underlying mechanisms and consequences remain
under explored. Here, I will summarize some of our research on male mating tactics and
preferences using the Trinidadian guppy (Poecilia reticulata) as a model study system.
Particular emphasis will be placed on the role of the social environment in mediating
adaptive flexibility in the sexual behaviour of individual males.
Sélection sexuelle et choix de partenaire sexuel chez les mâles: connaissances
provenant d’un petit poisson tropical
Pour expliquer l’existence de traits masculins extravagants qui semblent dispendieux en
terme de survie, comme les couleurs vives, ornements et parades nuptiales, Charles
Darwin proposa que les femelles possèdent des préférences sensorielles pour de tels
traits et s’accouplent davantage avec les mâles qui les expriment. Grâce à cette
sélection sexuelle, les traits masculins extravagants évoluent et persistent puisqu’ils
accroissent le succès reproductif des mâles qui les expriment comparativement aux
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Monday/lundi

Dr. Jean-Guy J. Godin
Dept. of Biology, Carleton University, Ottawa, ON. Canada.
E-mail: jgodin@carleton.ca

Monday/lundi

Monday/lundi

autres mâles de la population. Darwin percevait les femelles comme des sélecteurs
discriminants et les mâles comme des prétendants qui rivalisent pour l’accès aux
femelles comme partenaires sexuels. Cette perspective persista durant le 20e siècle,
biaisant ainsi les recherches sur la sélection sexuelle. Au cours des 25 dernières années,
il est devenu évident que les mâles peuvent aussi choisir leurs partenaires sexuels sous
certaines conditions, mais les mécanismes et conséquences de ces choix demeurent
peu compris. Je vais résumer certaines de nos recherches sur les tactiques et les
préférences d’accouplement des mâles utilisant le guppy Trinidadien (Poecilia reticulata)
comme modèle d’étude. L’emphase sera mise sur le rôle de l’environnement social dans
la médiation des comportements sexuels des mâles.
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Tuesday/mardi

Tuesday May 8 / mardi 8 mai
summary / résumé
08:00-08:30

Coffee / Café

Bruneau Centre

08:30-10:30

IEE Symposium (S1)
Animal Movement and Resource Selection

A-1046

10:30-11:00

Contributed Session
Parasite Diagnostics And Drug Treatments (PIE1)
Break / Pause

A-1049
Bruneau Centre

11:00-13:00

Hoar Award Competition / Prix Hoar (H1)

IIC-2001

13:00-14:30

AGM Lunch / Dîner AGA
(Lunch provided with ticket)

Main Dining Hall

14:30-16:30

16:30-17:00

Contributed Sessions
Feeding & Space Use (IEE1)
Movement & Nutrient Acquisition (CPB1)
Nitrogenous Waste/Toxins/Metals (CPB2)
Cold and Freeze Tolerance (CPB3)
Evolutionary Perspectives on Movement and
Morphology (CMD1)
Influence of Parasites on Host Behaviours and
Infection Dynamics (PIE2)
Break / Pause

17:00-18:00

Cameron Lecture / Prix Cameron

18:00-19:00

Open

19:00-20:30

ZET Lecture / Conférence FEZ

Bruneau Centre

20:30-10:00

Post-ZET Lecture Mixer / Réception

Bruneau Centre
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A-1045
IIC-2001
A-1046
A-1043
SN-2105
A-1049
Bruneau Centra
IIC-2001

Tuesday/mardi

CPB Symposium (S2)
IIC-2001
Environmental Physiology and Behaviour – a Tribute
to the Versatile Career of Gord McDonald

Tuesday/mardi

08:30-10:30
IEE Symposium
S1 - Animal Movement and Resource Selection

S1-1
08:30

Eric Vander Wal, Q.M.R. Webber, M.P. Laforge, M. Bonar, C. Hart, A. Robitaille and S.
Zabihi-Seissan
Memorial University
The Ecology of Individual Differences Applied to Resource Selection and
Movement Tactics

S1-2
09:00

Daniel Fortin, J.A. Merkle, M. Sigau, R.N. Simon and S.G. Cherry
Université Laval
How Spatial Information Drives the Distribution Dynamics of Large Herbivores

S1-3
09:30

Erin Baerwald
University of Regina
Landscape Features Associated with Bat Fatalities at Wind Energy Facilities

S1-4
10:00

Tyler Bonnell, L. Barrett and S.P. Henzi
University of Lethbridge
Social Influences on Individual Movement and Their Foraging Consequences

34

Tuesday/mardi

A-1046
Chair: Julie Teichroeb

Tuesday/mardi

08:30-10:30
CPB Symposium
S2 - Environmental Physiology and Behaviour – A Tribute to the Versatile
Career of Gord McDonald

S2-1
08:45

Pat A. Wright
University of Guelph
A Tribute to the Versatile Career of Dr. Gord McDonald

S2-2
09:00

Chris M. Wood
University of British Columbia
Remembering Gordon McDonald: Using Environmental Physiology to Set
Environmental Policy

S2-3
09:30

Katherine A. Sloman
University of the West of Scotland
Multidisciplinary Approaches in (Fish) Biology

S2-4
10:00

Richard Gonzalez
University of San Diego
Conflict and Compromise Between Ion Regulation and Respiratory Function in
Fishes
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IIC-2001
Chair: Allison McDonald

Tuesday/mardi

8:30-10:30
Contributed Session / Contributions pour les
Sessions
PIE1 - Parasite Diagnostics And Drug Treatments
A-1049
Chair: Dr. James Wasmuth

PIE1-5
09:30

PIE1-6
09:45

Empty
Empty
Empty
Chen-Hua Li, S. Dunemann, M. Workentine, C. Goater, J.S. Gilleard, D.
Colwell and J.D. Wasmuth
University of Calgary
An ‘omics’ Approach to Improve Diagnosis and Treatment of the Lancet
Liver Fluke
Asma Sultana and J.T. Detwiler
University of Manitoba
Solving Life Cycles with DNA Sequencing Reveals New Insights into
Echinostome Trematode Biology
Alexandre N. Léveillé, K. Carlton, C.B. Larouche, E. Brouwer, S.K. Bland, B. Lillie,
D. Kenney and J.R. Barta
University of Guelph
Morphological and Molecular Observations on Two Cases of Klossiella equi
Baumann 1946 Infecting the Kidneys of Ontario Horses Confirm Placement of
the Genus Klossiella in the Adeleorinid Coccidia (Apicomplexa)

PIE1-7
10:00

Rachel J. Krause and N. Sandoval
Canadian Mennonite University
Intestinal Infections in Children and Environmental Infection Risks from Wildlife,
Water, and Soil, in Rural Panama

PIE1-8
10:15

James D. Wasmuth
University of Calgary
Natural History of the Nematode Beta-Tubulin Family and its Impact on
Anthelmintic Resistance
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PIE1-1
08:30
PIE1-2
08:45
PIE1-3
09:00
PIE1-4
09:15

Tuesday/mardi

11:00-13:00
W.S. Hoar Award Competition
H1 - William S. Hoar Award / Prix William S. Hoar

H1-1
11:00

Erin Faught and M.M. Vijayan
University of Calgary
The Glucocorticoid Receptor Knockout Enhances Glucose Metabolism in
Zebrafish

H1-2
11:20

Tetsuto Miyashita
University of Alberta
Testing Cyclostome-Based Models for Vertebrate Ancestry

H1-3
11:40

Michael A. Sackville, J.M. Wilson and C.J. Brauner
University of British Columbia
Developing Lamprey Gills Dominate Ion Regulation Before Gas Exchange

H1-4
12:00

Sarah Schorno, T.E. Gillis and D.S. Fudge
University of Guelph
Slime’s A-Wasting: Timing and Process of Pacific Hagfish (Eptatretus stoutii)
Slime Gland Refilling

H1-5
12:20

Andy J. Turko and P.A. Wright
University of Guelph
Gill Filament Calcification: An Adaptation for Improved Respiratory Function in
Hypoxia

H1-6
12:40

Alyssa M Weinrauch and G.G. Goss
University of Alberta
Evolutionarily-Conserved Mechanisms of Nutrient Acquisition in an Ancient
Vertebrate, the Pacific Hagfish (Eptatretus stoutii)
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IIC-2001
Chair: Brent Sinclair

Tuesday/mardi

14:30-16:30
Contributed Sessions / Contributions pour les
Sessions
IEE1 - Feeding & Space Use

IEE1-1
14:30

Sean M. Hacker Teper, P. Gagnon and C. C. Parrish
Memorial University
Spatiotemporal Variability Among Biomarkers in a Newfoundland Rhodolith
(Lithothamnion glaciale) Bed Community

IEE1-2
14:45

Travis R Heckford, S.J. Leroux, E. Vander Wal, M. Rizzuto, J. Balluffi-Fry and Y.F.
Wiersma
Memorial University
Spatial Variability in the Elemental Composition of Plants: Implications for
Herbivores on the Resource Stoichiometric Landscape

IEE1-3
15:00

Michel P. Laforge, Q.M.R Webber and E. Vander Wal
Memorial University
Plasticity in Caribou (Rangifer tarandus) Migration Timing in Response to
Changing Plant Phenology Results in Greater Selection for High Quality Forage

IEE1-4
15:15

Julie A. Teichroeb and P. Sicotte
University of Toronto Scarborough
Cascading Competition: The Seasonal Strength of Scramble Influences
Between-Group Contest in a Folivorous Primate (Colobus vellerosus)

IEE1-5
15:30

Quinn M.R. Webber, M. Peignier, E.L. Koen, M.P. Laforge, A.L. Robitaille, and E.
Vander Wal
Memorial University
Seasonal Variation in Conspecific Attraction and Resource Dispersion Dictate
Social Network Structure and Space-use in a Gregarious Ungulate

IEE1-6
15:45

Sana Zabihi-Seissan, C.M. Prokopenko and E. Vander Wal
Memorial University
Gray Wolves (Canis lupus) Follow the Prey Habitat and Prey Catchability
Hypotheses in a Multi-Prey System

IEE1-7
16:00

Christina M. Prokopenko, S. Zabihi-Seissan and E. Vander Wal
Memorial University
Killing Time: Exploring Temporal Variation of Wolf (Canis lupus) Kill Rates on
Multiple Prey in Riding Mountain National Park

IEE1-8
16:15

Anne P. St-Pierre, H. Moreland and P. Gagnon
Memorial University
Body Size and Competitor Identity Modulate Prey Consumption and Feeding
Behaviour in a Slow- Moving Benthic Predator (Asterias rubens)
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A-1045
Chair: Valerie Schoof

Tuesday/mardi

14:30-16:30
CPB1 - Movement & Nutrient Acquisition

CPB1-1
14:30

Lindsay E. May and J.D. Kieffer
University of New Brunswick
Repeat Swimming in Shortnose Sturgeon (Acipenser brevirostrum)

CPB1-2
14:45

Kathleen L Foster, K. Lutek, J. Silverman and E.M. Standen
University of Ottawa
Neuromuscular Function and Kinematics of the Walking to Swimming
Transition in Polypterus senegalus

CPB1-3
15:00

Evan K. G. McKenzie and P.G.D. Matthews
University of British Columbia
Biomaterial Based Buoyancy Regulation in an Aquatic Insect

CPB1-4
15:15

Keegan Lutek, G. Salameh, K. Znotinas and E.M. Standen
University of Ottawa
Locomotion of Polypterus in Environments Across the Terrestrial-Aquatic
Transition

CPB1-5
15:30

Matthew D. Regan, F. Assadi-Porter and H.V. Carey
University of Wisconsin-Madison
Do Hibernation-Induced Changes to the Intestinal Microbiome Influence the
Metabolic Phenotype of Hibernation?

CPB1-6
15:45

Sydney London and H. Volkoff
Memorial University
Mini Talk: Interactions in the Endocrine Control of Food Intake and
Reproduction in Zebrafish (Danio rerio)

CPB1-7
15:50

Eugueni Matveev and I.J. McGaw
Memorial University
Mini Talk: Examining the Intra-Individual Relationship between Behaviour
and Physiology in the Green Shore Crab (Carcinus maenas)
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IIC-2001
Chair: Jim Kieffer

Tuesday/mardi

14:30-16:30
CPB2 - Nitrogenous Waste/Toxins/Metals

CPB2-1
14:30

Nicole J. Daigle, C.F.D. Sacobie and T.J. Benfey
University of New Brunswick
Specific Dynamic Action in Juvenile Brook Charr, Salvelinus fontinalis

CPB2-2
14:45

Leah A. Turner and C. Bucking
York University
The Role of Bacteria in Ammonia Detoxification in Native Ontario Fish

CPB2-3
15:00

Dirk Weihrauch, H. Zhouyao, S. Fehsenfeld, A. Durant, A.R. Quijada- Rodriguez, A.
Donini, And P. Eck
University of Manitoba
There is a New Kid in Town: Discovery of a Novel, Highly Conserved, Ammonia
Transporter

CPB2-4
15:15

Julia Sunga, J.M. Wilson and M.P. Wilkie
Wilfrid Laurier University
Mechanisms of Nitrogenous Waste Excretion in an Ancient Vertebrate
Adrian Ionescu, S. Hepditch, O. Birceanu and M.P. Wilkie
Wilfrid Laurier University
The Effects of Sub-Lethal Concentrations of the Lampricide
3-Trifluormethyl-4-Nitrophenol (TFM) on Energy Stores and pHi in Threatened
Populations of Lake Sturgeon (Acipenser fulvescens)

CPB2-5
15:30

CPB2-6
15:45

CPB2-7
16:00

Nguyen T.K. Vo, L.C. Moore, K.W. Spiteri, R. Hanner, M.P. Wilkie and S.J.
Dewitte-Orr
Wilfrid Laurier University
Demonstrating the Suitability and Sensitivity of Cell Lines from Lake
Sturgeon to Assess the Cytotoxicity of the Field Lampricide
3-trifluoromethyl-4-nitrophenol
Michael Wilkie, A. Muhametsafina, B. Hlina, L. Tessier, C. Robinson and O. Birceanu
Wilfrid Laurier University
Temperature, Lampreys and Arrhenius: Why Invasive Sea Lampreys
(Petromyzon marinus) are More Tolerant to Lampricides in the Summer

CPB2-8
16:15

Alison R. Loeppky and W.G. Anderson
University of Manitoba
Mini Talk: Environmental Influences on the Kinetics of Waterborne Strontium
Uptake in Larval Lake Sturgeon (Acipenser fulvescens)

CPB2-9
16:20

Sarah L. Alderman, S. Avey, C.J. Kennedy, A.P. Farrell and T.E. Gillis
University of Guelph
Mini Talk: Sink or Swim: Physiological Effects of Dilbit Exposure on
Seawater Transition in Salmon Smolts
Frédérique Paquin, H. Lemieux, M. Cristescu, P. Blier and F. Dufresne
Université du Québec à Rimouski
Mini Talk: Effects of Spontaneous Mutation Accumulation on Fitness and
Mitochondrial Functions in Daphnia pulex

CPB2-10
16:25
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A-1046
Chair: Mike Wilkie

Tuesday/mardi

14:30-16:30
CPB3 – Cold and Freeze Tolerance

CPB3-1
14:30

Brent J. Sinclair and J. Toxopeus
University of Western Ontario
New Directions in Insect Freeze Tolerance

CPB3-2
14:45

Lauren E. Rowsey, C. Reeve and B. Speers-Roesch
University of New Brunswick
Thermal Constraints on Physiological Performance as a Cause of Winter
Dormancy in Fishes

CPB3-3
15:00

Jacqueline E. Lebenzon and B.J. Sinclair
Western University London
Some Like it Cold: The Functional Role of Heat Shock Proteins in Cold Tolerance
and Diapause of the Colorado Potato Beetle

CPB3-4
15:15

Heath A. MacMillan, B. Nazal, S. Wali, G. Yerushalmi, L. Misyura, A. Donini and J-P.
Paluzzi
Carleton University
Anti-Diuretic Activity of a CAPA Neuropeptide Can Compromise Drosophila Chill

CPB3-5
15:30

Jantina Toxopeus, L.E. Des Marteaux, V. Koštál and B.J. Sinclair
University of Western Ontario
Do Cryoprotectants Really Protect Against Cold? An Experimental Evaluation of
Insect Freeze Tolerance

CPB3-6
15:45

Kaylen Brzezinski and H. A. Macmillan
Carleton University
Mini Talk:The Quantification of Cold-Induced Ion Imbalance in the Gut
Epithelia of Locusta migratoria
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A-1043
Chair: Heath MacMillan

Tuesday/mardi

14:30-16:30
CMD1 – Evolutionary Perspectives on Movement and Morphology

CMD1-1
14:30

Timothy E. Higham, M.D. Whitford, G.A. Freymiller and R.W. Clark
University of California
The Biomechanics of the Viper's Strike: How Rattlesnakes Catch Kangaroo
Rats in Nature

CMD1-2
14:45

Emily M. Standen, A. Turko, S. Currie, T. Blewett, S. Taylor, G. Rossi and P. Wright
University of Ottawa
Surface Tension, Muscle Mass and Emersion Performance in the Mangrove
Rivulus (Kryptolebias marmoratus)

CMD1-3
15:00

Trina Y. Du and H.C.E. Larsson
McGill University
The Influence of Morphological Integration and Modularity on Pectoral Fin Shape
and the Diversification of Acanthomorpha

CMD1-4
15:15

Heather A. Jamniczky, Heidi Schutz, Tegan N. Barry, Ethan Warwick and Blanca
Atiles-Rios
University of Calgary
Sexual Dimorphism and Habitat Interact to Structure Phenotypic Variation in
Threespine Stickleback (Gasterosteus aculeatus)

CMD1-5
15:30

Theresa M. McCaffrey, N.K. Tsao, S.G. Seamone and D.A. Syme
University of Calgary
Small with Agility and Large with Stability: Effects of Growth on Blue Shark
Morphology

CMD1-6
15:45

Natalie K. Tsao, T.M. McCaffrey, S.G. Seamone and D.A. Syme
University of Calgary
Sink or Swim: Scaling Effects on Lifting Forces in Blue Sharks (Prionace glauca)

CMD1-7
16:00

Christopher Small, B.D. Crawford and T.J. Benfey
University of New Brunswick
Comparing Myotome Tissue Structure between Diploid and Triploid Zebrafish
(Danio rerio)
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SN-2105
Chair: Doug Syme

Tuesday/mardi

14:30-16:30
PIE2 – Influence of Parasites on Host Behaviours and Infection Dynamics

PIE2-1
14:30

Amy E. Prescott, L.V. Ferguson, G.D. Gibson and T.G. Smith
Acadia University
Immunity and Pathology of Mosquitoes, Culex territans, Infected with
Hepatozoon Species from the Blood of Green Frogs, Rana clamitans

PIE2-2
14:45

Allen W. Shostak, J.H. Fersovich and L.T. Luong
University of Alberta
Trickle vs. Clumped Infections: Modifying the “Crowding
Effect” on Cestode Growth

PIE2-3
15:00

Claire H. Bullock, L.V. Ferguson, R.H. Easy and T.G. Smith
Acadia University
Role of the Skin Microbiome in the Attraction of Mosquitoes (Culex territans)
to Green Frogs (Rana clamitans) Infected with Hepatozoon Blood Parasites

PIE2-4
15:15

Jillian T. Detwiler, L.K. Eliuk, J-M Tan, O. Osifo and H.K. Aukema
University of Manitoba
Chemical Attraction? The Role of Oxylipins in Context-Dependent
Parasite-Modified Behaviour

PIE2-5
15:30

Sangwook Ahn, J. Schleppe and C. Goater
University of Lethbridge
Effects Of Trematode Parasitism on Reproduction of Male Fathead Minnows in a
Population in Northern Alberta

PIE2-6
15:45

Sarah E. Unrau, C.P. Goater and D.D. Colwell
University of Lethbridge
Site-Selection of the Host-Manipulating Trematode, Dicrocoelium
dendriticum, in the Brains of Zombie Ants

PIE2-7
16:00

Sarah E. Unrau and C.P. Goater
University of Lethbridge
Flower Choice by Zombie Ants Infected with Larvae of the Iconic
Manipulator, Dicrocoelium dendriticum

PIE2-8
16:15

Empty
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A-1049
Chair: Dr. Cam Goater

Tuesday/mardi

T.W.M. Cameron Outstanding Ph.D. Thesis Award /
Le prix T.W.M Cameron pour une thèse de Ph.D.
exceptionnelle
17:00-18:00 IIC-2001
Chair: Colin Brauner

Laura V. Ferguson and B. J. Sinclair
Dept. of Biology, University of Western Ontario, London, ON.
Canada. Email: laura.ferguson@acadiau.ca

The influence of temperature on interactions with pathogenic or symbiotic microbes is a driving
force behind the survival of insects under climate change. In temperate climates, winter
dominates the thermal landscape; however, we know little of the impacts of cold on
insect-microbe interactions. My PhD explored the impact of low temperatures and overwintering
on the insect immune system, and how changes in immunity influence host-microbe interactions
in different thermal environments. Both acute exposure to cold (in Drosophila melanogaster) and
acclimatisation responses to cold (in Gryllus veletis) triggered reconfiguration of investment in
immune activity that likely compensate for trade-offs between the costs of immunity and the
costs of responding to cold exposure. Immune reconfiguration was also apparent in seasonal
patterns of immune activity in four different species of insects, although these patterns were
species-specific. Thermal plasticity in both hosts (G. veletis) and parasites (Metarhizium
brunnuem) drove the outcome of infection under fluctuating thermal environments. Finally, the
composition of the hindgut microbiome of G. veletis shifted irreversibly across seasons, and is
likely linked to shifts in immunity and other physiological responses to winter. Overall, ectotherm
responses to the thermal environment must be considered in the context of multiple
environmental pressures and, especially, biotic interactions.
La biologie thermique de l’immunité des insectes et des interactions hôte-microbe
L’influence de la température sur leurs interactions avec des microbes pathogéniques ou
symbiotiques peut déterminer la survie des insectes soumis aux changements climatiques. Dans
un climat tempéré, l’hiver prédomine; toutefois, nous connaissons mal les impacts du froid sur
les interactions insectes-microbes. Ma thèse explore les impacts du froid et de l’hiver sur
l’immunité des insectes, ainsi que les interactions hôte-microbe dans différents environnements
thermiques. Le froid intense (chez Drosophila melanogaster), et les réponses d’acclimatation
(chez Gryllus veletis) ont provoqué un reconfiguration du système immunitaire, qui compense
pour des compromis entre l’immunité et les réactions physiologiques au froid. La reconfiguration
du système immunitaire était évidente dans les tendances saisonnières de l’immunité chez
quatre espèces, ces tendances étant spécifiques à l’espèce. La plasticité thermique chez les
hôtes (G. veletis) et les parasites (Metarhizium brunneum) détermine le résultat de leur
interaction sous des régimes de fluctuation thermiques. Enfin, la composition du microbiome
intestinal de G. veletis a changé irréversiblement au cours des saisons, probablement lié à
l’immunité et aux autres réactions physiologiques au froid. En somme, les réponses des
ectothermes aux environnements thermiques doivent être considérés dans la contexte des
pressions environnementales multiples et des interactions biotiques.
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ZET Public Lecture/Conférence
Publique du FEZ
19:00-20:00 IIC-2001
Chair : Kurt Gamperl

Dr. Paul Snelgrove
University Research Professor, Department of
Ocean Sciences, Memorial University

The ocean encompasses >95% of Earth’s biosphere, and its massive volume and remoteness
ensure we cannot fully quantify its biodiversity in our lifetimes. Estimates of unknown marine
biodiversity suggest up to 90% of animals remain unknown to science. New molecular tools
suggest a possible billion unknown microbes, and statistical models suggest thousands of
undiscovered fishes. Human pressures on the ocean will almost certainly increase in the future,
yet we lack understanding of the role that different species play in maintaining ocean health.
Documented global marine extinctions remain surprisingly rare, but local extinctions and
undocumented species loss raise concern about potential loss of biodiversity and the ecological
functions supported by those species. Conservation approaches may encompass a wide range
of strategies such as various types of marine protected areas and changes in fishing effort, but
the efficacy of such approaches hinges on mapping ocean habitat, understanding how
populations of a given species connect, evaluating ecosystem functioning, and quantifying
biodiversity. Such knowledge requires biological, physical, chemical, and geological
oceanographic data that vary greatly in spatial and temporal scale. The problem is daunting, but
revolutionary tools and approaches developed in the last decade, document new species, new
environments, and new processes that create unprecedented opportunities for smarter ocean
use. This talk will steer away from an ocean of problems towards an ocean of wonder and
opportunity for sustainability.
Biodiversité marine et santé de la planète océan
L'océan englobe plus de 95% de la biosphère terrestre, et son volume massif et son éloignement
nous empêchent de quantifier pleinement sa biodiversité. Les estimations de la biodiversité
marine suggèrent que jusqu'à 90% des animaux restent inconnus. De nouveaux outils
moléculaires suggèrent l’existence de millions de microbes inconnus, et des modèles
statistiques suggèrent des milliers de poissons non découverts. Les pressions humaines sur
l'océan augmenteront presque certainement à l'avenir, mais le rôle que jouent les différentes
espèces dans le maintien de la santé des oceans n’est pas connu. Les extinctions d’espèces
marines documentées à l'échelle mondiale demeurent étonnamment rares, mais les extinctions
locales et la perte d'espèces non documentées soulèvent des inquiétudes quant à la perte
potentielle de biodiversité et aux fonctions écologiques soutenues par ces espèces. Les
approches de conservation peuvent englober un large éventail de stratégies telles que

divers types d'aires marines protégées et des changements dans l'effort de pêche, mais
l'efficacité de ces approches repose sur la cartographie de l'habitat océanique, la
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compréhension de la connexion des populations, l'évaluation du fonctionnement des
écosystèmes et la quantification de la biodiversité. Ces connaissances requièrent des
données océanographiques biologiques, physiques, chimiques et géologiques qui
varient considérablement à l'échelle spatiale et temporelle. Le problème est
décourageant, mais des outils et des approches révolutionnaires développés au cours
de la dernière décennie documentent de nouvelles espèces, de nouveaux
environnements et de nouveaux processus qui créent des opportunités sans précédent
pour une utilisation plus intelligente de l'océan. Cette conférence s'éloignera d'un océan
de problèmes vers un océan d'émerveillement et d'opportunité pour la durabilité.

La conférence du FEZ sera suivie d’une réception avec services de traiteur.
Plusieurs organisations locales impliquées dans la recherche ou l’éducation
marine/aquatique seront également présentes pour parler des initiatives misent
en place dans la province en lien avec la recherche et l'éducation
marine/aquatique, mais aussi des possibilités d’emplois dans ce fascinant
domaine. Les étudiants du secondaire et du premier cycle de St John’s et de ses
environs, ainsi que le public, ont été invités à cet évènement et nous vous
encourageons à vous joindre-à-nous pour la réception et à interagir avec eux.
Organized in Partnership with the Department of Ocean Sciences (MUN) and the
Oceans Learning Partnership / Cet évènement est organisé en partenariat avec le
département Ocean Sciences (MUN) et l l’Oceans Learning Partnership

Sponsored by:
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Following the lecture, there will be a catered reception, and several organizations
involved in marine/aquatic research and education will be there to highlight the
ocean-related research and education being done in the province and potential
career opportunities in this exciting area. Senior high school students from the
St. John’s area and the public have been invited to this event, and we encourage
you to attend the reception and interact / engage with them.

Wednesday/mercredi

Wednesday 9 May / mercredi 9 mai
summary / résumé
08:00-08:30

Coffee / Café

Bruneau Centre

08:30-10:35

Presidents’ Award Talks / Prix du
Président (S4)
Break / Pause

IIC-2001

11:00-13:00

13:00-14:30

Contributed Sessions
Aquatic Conservation (IEE2)
Oxygen, Or Lack Thereof (CPB4)
Development/Early Life History
(CPB5)
Signalling Pathways (CPB6)
Plasticity and Physiology in Aquatic
Environments (CMD2)
In Vitro Models For
Host-Pathogen-Environment
Interactions (PIE3)
CPB Section Lunch (with ticket)
PIE Section Lunch (with ticket)
CJZ Lunch

Bruneau Centre
A-1045
IIC-2001
A-1046
A-1043
SN-2015
A-1049
Main Dining Hall
E. Hatcher
W. Hatcher

14:30-16:30

LOC Symposium / Symposium du
COL

IIC-2001

16:30-18:30

Poster Session / Session
d’affiches

Bruneau Centre

19:00-20:00

Student Success Workshop /
Atelier de réussite des
étudiants/postdocs

Breezeway Bar
University Centre

20:00-02:00

Student Meeting and Mixer /
Réunion et réception pour
étudiant(e)s

Breezeway Bar
University Centre
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10:35-11:00
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8:30-10:35
Presidents’ (PDF) Award Talks
P1 – Presidents’ Award / Prix du Président

P1-1
8:30

O. Birceanu, H. Bauman, J. Bernardy, T. Hubert, C.A. Johnson, J.R. Schuller, J.M.
Wilson, L. O’Connor And M.P. Wilkie.
Wilfrid Laurier University
Alternative Lampricide Treatment Approaches Provide Novel Insight into Lake
Sturgeon Physiology

P1-2
8:55

Tamzin A. Blewett and G.G. Goss
University of Alberta
A Novel Pathway of Nutrient Absorption in Crustaceans: Branchial Amino Acid
Uptake in the Green Shore Crab (Carcinus maenas)

P1-3
9:20

Lucie Gerber and J. Overgaard
Memorial University of Newfoundland
Cold Tolerance is Linked to Osmoregulatory Capacity of the Hindgut in the
Migratory Locust (Locusta migratoria)

P1-4
9:45

Erin M. Leonard and C.A. Nurse
McMaster University
Dopaminergic Modulation of Chemosensory Signaling in the Rat Carotid Body:
Role of the Glial-like Type II Cells

P1-5
10:10

Daniel P. Small and C.D. Bishop
St. Francis Xavier University
Physiological Trade-offs in an Algal-Salamander Symbiotic Relationship
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11:00-13:00
Contributed Sessions / Contributions pour les
Sessions
IEE2 – Aquatic Conservation

IEE2-1
11:00

Dennis M. Higgs, N. Johnson, S. Miehls and M. Mickle
University of Windsor
Physiological and Behavioral Responses of Sea Lamprey to Low Frequency Sound

IEE2-2
11:15

Gillian M. Hughes, A. Zygowska, A. Mokdad, M. Mccabe, T. Pitcher and B. Zielinski
University of Windsor
Preference Response to Phenylethyl Alcohol among Previously Exposed Chinook
Salmon (Oncorhynchus tshawytscha)

IEE2-3
11:30

Craig F. Purchase and Anna C. Rooke
Memorial University
Incubation Temperature and the Timing of Hatch in Atlantic Salmon Eggs from the
Exploits River, Newfoundland, Canada
Shahinur S. Islam, B. F. Wringe, I. R. Bradbury and I. A. Fleming
Memorial University
Do Behavioural Traits Vary Between Divergent North American And European Wild
And Farm Atlantic Salmon (Salmo salar) Populations?

IEE2-4
11:45

IEE2-5
12:00

Nicole Zathey, G.J. Tattersall and B. Neff
University of Western Ontario
Some Like it Hot: Swim Performance and Thermal Preferences of Atlantic Salmon
(Salmo salar)

IEE2-6
12:15

Liang Zhu, J.A.D. Fisher and D. Robert
Memorial University
Characterizing Diet and Growth of Silver Hake (Merluccius bilinearis), a Species
Invading the Gulf of St. Lawrence

IEE2-7
12:30

Ryan A Horricks, C.M. Herbinger and J.S. Lumsden
University of Guelph
Differential Protein Abundance During the First Month of Regeneration in the
Caribbean Great Star Coral, Monstastraea cavernosa

IEE2-8
12:45

Seth M. Rudman, S. Rajpurohit, S. Greenblum, O. Kiratli, M.M. Turcotte, J.M. Levine, D.
Petrov and P.S. Schmidt
University of Pennsylvania
Local Adaptation and Eco-Evolutionary Feedbacks Shape Population Dynamics and
Persistence

IEE2-9
13:00

Travis C. Durhack, N.J. Mochnacz, M. Taylor and J.R. Treberg
University of Manitoba
Mini-Talk : Comparing Metabolic Rates of Bull Trout (Salvelinus confluentus) & Brook
Trout (Salvelinus fontinalis) using Intermittent Respirometry In-Situ in an Alpine
Stream in Banff National Park, Canada
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11:00-13:00
CPB4 - Oxygen, Or Lack Thereof

CPB4-1
11:00

Jacelyn J. Shu, T.S. Harter and C.J. Brauner
University of British Columbia
Enhanced Hemoglobin-O2 Unloading in Teleosts is Sustained after Catecholamine
Removal

CPB4-2
11:15

Catherine M. Ivy, O.H. Wearing, Z.A. Cheviron, J.F. Storz and G.R. Scott
McMaster University
Haemoglobin Adaptations to High Altitude Alter Breathing Pattern in Deer Mice
(Peromyscus maniculatus)

CPB4-3
11:30

Triston G. Eastman, K. He, M. Berenbrink and K.L. Campbell
University of Manitoba
Tracing Life History Evolution in Talpid Moles with Protein Structural Data: Can
Myoglobin Outperform Morphology?

CPB4-4
11:45

Giulia S. Rossi, A.J. Turko and P.A. Wright
University of Guelph
Oxygen Drives Skeletal Muscle Remodelling in an Amphibious Fish out of Water

CPB4-5
12:00

Gigi Y. Lau and S. Lefevre
University of Oslo
Is there Evidence of Oxidative Damage with Anoxia-Recovery in Brain of Crucian Carp
Carassius carassius?

CPB4-6
12:15

Alicia A. Cassidy and S.G. Lamarre
Université de Moncton
Protein Metabolism in the Hypoxic Arctic Charr

CPB4-7
12:30

Farah Al Dajani, E. Lari and L. Buck
University of Toronto
Role of the Mitochondria in Anoxia Tolerant Painted Turtle Hepatocytes

CPB4-8
12:45

Milica Mandic and M.D. Regan
University of Ottawa
Mini Talk: Is the Hypoxic Metabolic Response of Fishes Determined Primarily by
Phylogenetic Constraint or By the Type of Hypoxic Environment?

CPB4-9
12:50

Margaret E. Clapin, M.J. Gaudry, M.T.P. Gilbert and K.L. Campbell
University of Manitoba
Mini Talk: Physiological Characterization of Hemoglobin in the Rhinoceros Clade: Did
Extinct Woolly Rhinos Evolve Biochemical Adaptations to the Cold?
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11:00-13:00
CPB5 - Development/Early Life History

CPB5-1
11:00

Leopold Ghinter, Y. Lambert and C. Audet
Université du Québec à Rimouski
Influence of Sex on Growth of Juvenile Greenland Halibut (Reinhardtius
hippoglossoides) in the Estuary and Gulf of St-Lawrence

CPB5-2
11:15

Luke Belding, A.R. Quijada-Rodriguez, G.R. Yoon, J. Ali, D. Weihrauch and W.G.
Anderson
University of Manitoba
Physiological and Behavioural Responses of Age-0 Lake Sturgeon
(Acipenser fulvescens) to Acute Freshwater Acidification Following an
Over-Wintering Period

CPB5-3
11:45

Shafaq Fatima, M. Adams and R. Wilkinson
University of Tasmania
The Effect of Photoperiod Manipulation upon Maturation and Sex Steroids
Profiles of Brook Trout (Salvelinus fontinalis)

CPB5-4
12:00

Gwangseok R. Yoon, D. Deslauriers and W.G. Anderson
University of Manitoba
Effects of Hatching Conditions on Energy Density and Aerobic Scope of
Age-0 Lake Sturgeon, Acipenser fulvescens

CPB5-5
12:15

Madison L. Earhart and W.G. Anderson
University of Manitoba
The Development of the Stress Response and Relationship to Dietary Shifts in
Larval Lake Sturgeon (Acipenser fulvescens)
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11:00-13:00
CPB6 – Signalling Pathways

CPB6-1
11:00

Sarah L. Alderman, E.M Leishman, M.L.M. Fuzzen and N.J. Bernier
University of Guelph
Corticotropin-Releasing Factor Regulates Caspase-3 to Protect Developing
Zebrafish from Stress-Induced Apoptosis

CPB6-2
11:15

John L.I. Forbes, J. Menningen And J.-M. Weber
University of Ottawa
Unexpected Effect of Insulin on Glucose Kinetics Explains Glucose Intolerance
in Trout

CPB6-3
11:30

Connor Reeve, L.E. Rowsey and B. Speers-Roesch
University of New Brunswick
Inactivity as the Convergent Mechanism Underlying the Metabolic Phenotype in
Winter Dormant Fish

CPB6-4
11:45

Farwa Sajadi, C. Curcuruto and J-P.V. Paluzzi
York University
Anti-Diuretic Action and Signaling Cascade of a CAPA Neurohormone in the
Mosquito Disease Vector, Aedes aegypti

CPB6-5
12:00

Elizabeth F. Johnston and T.E. Gillis
University of Guelph
Extracellular Collagen is Regulated by TGF-β1 and microRNA-29b in Cultured
Rainbow Trout Cardiac Fibroblasts

CPB6-6
12:15

Mathilakath M. Vijayan and C. Das
University of Calgary
Rapid Effect of Cortisol on Glucocorticoid Receptor Dynamics in Trout
Hepatocytes

CPB6-7
12:30

Tessa H. Webb, T.M. Boyd, V.G. Kobes, S.A. Navarro and L.E.J. Lee
University of the Fraser Valley
Mini Talk: Establishment and Characterization of Mesothelial Cell lines from
Rainbow Trout (Oncorhynchus mykiss)
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11:00-13:00
CMD2 – Plasticity and Physiology in Aquatic Environments

CMD2-1
11:00

Gina MacDonald, M. Snyder and G. Gibson
Acadia University
An Epigenetic Mechanism for Phenotypic Plasticity in the Annelid Polydora
cornuta

CMD2-2
11:15

Nova B. Hanson and L.R. Page
University of Victoria
Development and Evolution of a Derived Feeding System in the Gastropod
Amphissa columbiana

CMD2-3
11:30

Elias Taylor and A. Heyland
University of Guelph
Thyroid Hormones Act Via MAPK to Accelerate Larval Skeletogenesis in a
Sea Urchin, Strongylocentrotus purpuratus

CMD2-4
11:45

Jordan Roszell and A. Heyland
University of Guelph
UV-C as a Pre-treatment Option against Microalgae in Drinking Water Facilities

CMD2-5
12:00

Judy E. Anderson, A. Cunha and M.F. Docker
University of Manitoba
Novel “Omega Fibers” in Superficial Body-Wall Myotomes Only During
Metamorphosis in the Northern Brook Lamprey, Ichthyomyzon fossor

CMD2-5
12:15

Catherine A. Brandt and W.G. Anderson
University of Manitoba
Early Environmental Effects on Yolksac Use, Growth and Swimming Performance
in Lake Sturgeon (Acipenser fulvescens)

CMD2-7
12:15

Janet M. Ferguson-Roberts, E.M. Montgomery, J.-F. Hamel and A. Mercier
Memorial University
Mini Talk: From Qualitative to Quantitative: A Study of Oocyte Characteristics in
Lecithotrophic Echinoderms
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11:00-13:00
PIE3 – In Vitro Models For Host-Pathogen-Environment Interactions

PIE3-1
11:00

Khalil Eslamloo, X. Xue, S.M. Inkpen, A. Ghorbani, M. Larijani, M.L. Rise
Memorial University
Gene Characterisation and Expression Regulation of Atlantic Cod Viperin

PIE 3-2
11:15

Maxwell P. Bui-Marinos, J.F.A. Varga, and B.A. Katzenback
University of Waterloo
Xenopus laevis Skin Epithelial Cells Lines as a Model System to Study
Host-Virus Interactions

PIE 3-3
11:30

Quinn H. Abram, N.C. Bols, B.A. Katzenback and B. Dixon
University of Waterloo
Regulation of Endogenous Antigen Presentation in Rainbow Trout
(Oncorhynchus mykiss) Cells at Suboptimal Temperatures

PIE 3-4
11:45

Nguyen T. K. Vo, L.C. Moore, K.W. Spiteri, R. Hanner, M.P. Wilkie and S.J.
Dewitte-Orr
Wilfrid Laurier University
Demonstrating the Suitability and Sensitivity of Cell Lines from Lake
Sturgeon to Assess the Cytotoxicity of the Field Lampricide
3-trifluoromethyl-4-nitrophenol

PIE 3-5
12:00

Sabrina M. Inkpen, N.C. Smith, K. Eslamloo, X. Xue, A. Caballero-Solares, R.G.
Taylor and M.L. Rise
Memorial University
Effects of Varying Dietary Omega-6 and Omega-3 Fatty Acid Levels and Immune
Stimulation (Viral Mimic versus LPS) on the Transcriptome of Atlantic Salmon
Macrophages

PIE 3-6
12:15

Nicole C. Smith, S.L. Christian, R.G. Taylor, J. Santander and M.L. Rise
Memorial University
Immune Modulatory Properties of 6-Gingerol and Resveratrol in Atlantic Salmon
(Salmo salar) Macrophages

PIE 3-7
12:30

Hillary J. Dort, T. Avery and R. H. Easy
Acadia University
Mini Talk: Identification of Protein Biomarkers in Epidermal Mucus of Striped
Bass (Morone saxatilis) as a Consequence of Angling Stress
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14:30-16:30
LOC Symposium:
Aquatic Environments and Organisms in Transition
S4 – LOC Symposium / Symposium du LOC

S4-1
14:30

Amanda Bates
Memorial University
Thermal Safety, Environmental Variability and Biodiversity Change

S4-2
15:00

Anne Todgham
University of California, Davis
Framing Climate Change Biology in an Ecologically-Relevant Context: How Much
Environmental Complexity is Enough?

S4-3
15:30

Hannes Baumann
University of Connecticut
Sensitivity of Northeast Atlantic Forage Fishes to the Symptoms of Marine Climate
Change: Warming, Acidification, and Reduced Oxygen

S4-4
16:00

Michel Kaiser
Bangor University
Developing Best Practices to Manage the Ecosystem Effects of Trawling on the Seabed
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16:30-18:30
POSTER SESSION / Session de Posters
The Poster Session will be held in the Bruneau Centre’s Upper and Lower Atriums.
Posters should be printed no larger than 105 cm wide x 115 cm high.
Poster setup – Please set up your poster after 10:30 AM on Wednesday. Posters should
be affixed to the boards with pins (these will be provided).

POSTER PRESENTERS: Please stand by your poster at the following times:
Even numbers:
16:30-17:30
Odd Numbers:
17:30-18:30
La session des affiches se tiendra dans le Bruneau Centre.
Les affiches devraient être imprimées à une largeur de 90 cm au plus et une hauteur de
115 cm.
Installation des affiches – Veuillez installer votre affiche mercredi après 14:30h. Les
affiches devraient être apposées aux panneaux avec des punaises (fournies).
Retrait des affiches – Veuillez enlever votre affiche immédiatement après la séance.
PRÉSENTATEURS D’AFFICHES : Veuillez rester près de votre affiche à ces heures:
Nombres pairs : 16h30 – 17h30
Nombres impairs : 17h30 – 18h30
Funding for the Holeton Award kindly provided by the / Financement pour le prix Holeton
fournis par:

:
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P1

P2

P3

P4

P5

P6

P7

P8
P9

P10
P11
P12

P13

Margaret E. Clapin, M.J. Gaudry, M.T.P. Gilbert and K.L. Campbell
University of Manitoba
Physiological Characterization of Hemoglobin in the Rhinoceros Clade: Did Extinct
Wooly Rhinos Evolve Biochemical Adaptations to the Cold?
Elizabeth F. Johnston, S. Ding and T.E. Gillis
University of Guelph
The Influence of Cellular Stretch on Extracellular Connective Tissue Deposition in
Trout Cardiac Fibroblasts
Milica Mandic and M.D. Regan
University of Ottawa
Is the Hypoxic Metabolic Response of Fishes Determined Primarily by Phylogenetic
Constraint or By the Type of Hypoxic Environment?
Milica Mandic, Y.K. Pan and S.F. Perry
University of Ottawa
Development Stage and Hypoxic Severity Impact the Hyperventilatory Response in
Zebrafish (Danio rerio) Larvae
Erin Faught and M.M. Vijayan
University of Calgary
Metabolic Programming for Growth is Dependent on Early Life-Stage Cortisol Signalling:
Evidence from Glucocorticoid Receptor Knockout Zebrafish
Sarah L. Alderman, S. Avey, C.J. Kennedy, A.P. Farrell and T.E. Gillis
University of Guelph
Sink or Swim: Physiological Effects of Dilbit Exposure on Seawater Transition in
Salmon Smolts
Alex R. Quijada-Rodriguez, E. Shanahan, K. Trübenbach, C. Hiebenthal, F. Melzner and D.
Weihrauch
University of Manitoba
The Impact of Elevated pCO2 Levels in Aquaculture Facilities on the Acid-Base
Physiology and Behaviour of the Whiteleg Shrimp Litopenaeus vannamei
Zeinab Altmieme, M. Fonseca, G. Côté, T. Julian and J.A. Mennigen
University of Ottawa
A Role for Nonapeptides in Male Cyprinid Reproduction
Susan E. Anthony, C.M. Buddle, T.T. Høye, N. Hein, N. Beckers and B.J. Sinclair
Western University
Thermal Limits of Spiders, Mites, and Pseudoscorpions from Arctic and Temperate
Habitats
Nathan R. Bennoit and P.M. Craig
University of Waterloo
Identifying Metabolic Costs of an Immune Response in Zebrafish (Danio rerio)
Tiffany Bretzlaff, J.T. Kerr and C.-A. Darveau
University of Ottawa
Critical Thermal Maxima of the Bumblebee Bombus impatiens: from Castes to Colonies
Kaylen Brzezinski and H. A. Macmillan
Carleton University
The Quantification of Cold-Induced Ion Imbalance in the Gut Epithelia of Locusta
migratoria
Skye Butterson, A.D. Roe and K.E. Marshall
University of Oklahoma
Interpopulation Variation in Cold Hardiness in the Eastern Spruce Budworm,
Choristoneura fumiferana
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P14

P15
P16

P17

P18

P19

P20

P21
P22

P23

P24

P25

P26

Ivan G. Cadonic and P.M. Craig
University of Waterloo
Effects of Stress-produced Extracellular Vesicles on Cortisol Production in Rainbow Trout
(Oncorhynchus mykiss)
Rachel L. Dean, Z. May, A. Morrill, I. David, M. Tresguerres and T.J. Hamilton
MacEwan University
Object Recognition Memory Testing in Fish
Michael J. Gaudry, K.M. Jeffries, E.C. Enders, D. Watkinson, C. Charles, C. Kovachik, D.
Leroux, D.M. Gillis and J.R. Treberg
University of Manitoba
Development of a Relative Telomere Length Assay for Walleye (Sander vitreus) Blood:
Comparison across a Large Lake Ecosystem
Yayra A. Gbotsyo, N.M. Rowarth, T.H. Macrae and L.K. Weir
Saint Mary’s University
Are Heat Shock Proteins Important for Survival during Cold Stress in Artemia franciscana
Nauplii?
Leah I. Hayward, K.E. Mathers and J.F. Staples
University of Western Ontario
The Effect of Anoxia on Mitochondrial Performance in a Hibernator (Ictidomys
tridecemlineatus)
Ken M. Jeffries, E.C. Enders, D. Watkinson, C. Charles, C. Kovachik, D. Leroux, M.J.
Gaudry, D.M. Gillis and J.R. Treberg
University of Manitoba
Integrating Molecular Indices with Ecosystem-Wide Movement in Walleye in Large
Lake Ecosystems
Qiwu Jiang and I.J. McGaw
Memorial University
Interactive Effects of Hypoxia and Starvation on Gastric Processing in the Atlantic Rock
Crab (Cancer irroratus)
Jonah S. Lauren and A.C. Dalziel
Saint Mary’s University
The Evolution of Salinity Tolerance in Killifish (Fundulus spp.)
Jeffrey T. Krook, K.T. Stiller, J.G. Richards, C.J. Brauner and T.J. Hamilton
MacEwan University
The Effect of Salinity and Photoperiod on Behavior of Coho Salmon Reared in
Recirculating Aquaculture Systems
Alison R. Loeppky and W.G. Anderson
University of Manitoba
Environmental Influences on the Kinetics of Waterborne Strontium Uptake in Larval
Lake Sturgeon (Acipenser fulvescens)
Sydney London and H. Volkoff
Memorial University
Interactions in the Endocrine Control of Food Intake and Reproduction in Zebrafish (Danio
rerio)
Eugueni Matveev and I.J. McGaw
Memorial University
Examining the Intra-Individual Relationship between Behaviour and Physiology in the
Green Shore Crab (Carcinus maenas)
Fargol Nowghani, S. Jonusaite, T. Watson-Leung, A. Donini and S.P. Kelly
York University
Ionoregulatory Strategies of a Freshwater Mayfly Nymph Include the Tracheal
Gill as an Ionoregulatory Organ
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P27

P28

P29

P30

P31

P32
P33
P34

P35

P36

P37

P38

P39

P40

Frédérique Paquin, H. Lemieux, M. Cristescu, P. Blier and F. Dufresne
Université du Québec à Rimouski
Effects of Spontaneous Mutation Accumulation on Fitness and Mitochondrial Functions
in Daphnia pulex
Chloé J. Simard, E. Hebert-Chatelain and N. Pichaud
Université de Moncton
Role of MPC1 in Mitochondrial Metabolism: Age and Diet Effects in Drosophila
melanogaster
Nahid Vagharfard and C. Bucking
York University
Enzyme Activities in Different Intestinal Layers in Central Stoneroller (Campostoma
anomalum) and Goldfish (Carassius auratus)
Tessa H. Webb, T.M. Boyd, V.G. Kobes, S.A. Navarro and L.E.J. Lee
University of the Fraser Valley
Establishment and Characterization of Mesothelial Cell lines from Rainbow Trout
(Oncorhynchus mykiss)
Claire M. West, M. D. Burnett, N. Donaher and S. Currie
Mount Allison University
Effects of Social Environment on the Heat Shock Response of a Self-Fertilizing
Air-Breathing Fish
Zoe A. Zrini and A.K. Gamperl
Memorial University
Using Data Storage Tags to Study Fish Physiology and Behaviour
Areej Alansari, H. Stevens and R.C. Wyeth
St Francis Xavier University
How the Pond Snail, Lymnaea stagnalis, Finds Food With and Without Flow
Jaclyn A. Aubin, E. Vander Wal and R. Michaud
Memorial University
Investigation of Allomaternal Care in the Endangered St. Lawrence Estuary Beluga
(Delphinapterus leucas) Population
Christine E. Campbell, E.N. Stevens and D.A. Wells
Memorial University
A Tale of Two Fjords: Contrasting Zooplankton Species Composition in Western Brook
Pond and St. Pauls Inlet, Gros Morne National Park
Emily E. Chase, B.M. Robicheau, S. Breton and D.T. Stewart
Acadia University
Do Differences in Cellular Arenas Lead to Differing Relative Evolutionary Rates in
Mitochondrial DNA within Bivalves?
Travis C. Durhack, N.J. Mochnacz, M. Taylor and J.R. Treberg
University of Manitoba
Comparing Metabolic Rates of Bull Trout (Salvelinus confluentus) & Brook Trout
(Salvelinus fontinalis) using Intermittent Respirometry In-Situ in an Alpine Stream in
Banff National Park, Canada
Jeffrey P. Ethier and D.R. Wilson
Memorial University
Boreal Chickadee and Cape May Warbler Show Preferences for Structural Microhabitat
Characteristics
Bronwen D. Hennigar and D.R. Wilson
Memorial University
Effects of Anthropogenic Light and Noise on the Vocal Behaviour and Spatial Ecology
of Birds
Ella A. Maltby, A. Mackenzie and R.C. Wyeth
St Francis Xavier University
Refinement of UV Illumination for Antifouling: A Comparison between West coast and East
Coast Canada
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P41
P42
P43

P44

P45

P46

P47

P48

P49

P50
P51

P52

Jasmin M. Schuster and M. Solan
University of Southampton
Near-term Climate Change Effects on Ecosystem Processes
Brittni A. Scott, D.T. Stewart and S. Bondrup-Neilsen
Acadia University
Assessing Nova Scotian Black Bear (Ursus americanus) Population Connectivity
Matthew S. A. Penney, T.A. Rawlings and D.R. Calder
Cape Breton University
Spatial and Temporal Benchmarking of Marine Hydroids (Cnidaria, Hydrozoa) in Cape
Breton using Morphological and Molecular Techniques
Taylor M. Boyd, J.M. Gomez, S.A. Navarro and L.E.J. Lee
University of the Fraser Valley
Initiation, Characterization and Culture of Olfactory Cells From Adult Rainbow Trout
(Oncorhynchus mykiss)
Janet M. Ferguson-Roberts, E.M. Montgomery, J.-F. Hamel and A. Mercier
Memorial University
From Qualitative to Quantitative: A Study of Oocyte Characteristics in Lecithotrophic
Echinoderms
Elena Salogni, S. Sanvito, F. Galimberti and E. H. Miller
Memorial University
Sexual-size Dimorphism of Northern Elephant Seal Pups: A Study of the Southernmost
Mexican Colony
Melissa O’Brien, M. Snyder and G. Gibson
Acadia University
Bisphenol A and Bisphenol S Disrupt Regeneration and Alter DNA Methylation in
the Annelid Pygospio elegans
Gina MacDonald, M. Snyder and G. Gibson
Acadia University
An Epigenetic Mechanism for Phenotypic Plasticity in the Annelid Polydora
cornuta
Hillary J. Dort, T. Avery and R. H. Easy
Acadia University
Identification of Protein Biomarkers in Epidermal Mucus of Striped Bass (Morone saxatilis)
as a Consequence of Angling Stress
Kaylee D. Rich, M. Workentine and J. Wasmuth
University of Calgary
A Metagenomics Approach to Identifying Pathogens that Hitchhike on Parasites
Manuel A. Soto-Davila, M. L. Rise and J. Santander
Memorial University
Effects of Vitamin D₃ on Aeromonas salmonicida infection in Atlantic salmon (Salmo
salar) Primary Macrophages
Brooke A. McPhail and T.A. Rawlings
Cape Breton University
An Examination of Composition and Species Richness in Trematode Communities
Exploiting Stagnicola elodes
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19:00- 20:00
Student Success Workshop / Atelier de réussite des
étudiants
Breezeway Bar, University Centre

1. How to find a job / build your job package
2. Publish or perish: tips for publishing productively
3. Academic extracurriculars: which ones are most valuable
4. Using research to travel the world
5. Balancing science and family / work life
6. Exiting the ivory tower: careers outside academia
7. Science communication
8. What to expect from a career in academia
9. How to supervise your supervisor: managing and understanding conflict in
trainee-supervisor relationships
10. Overcoming imposter syndrome
11. Grant writing tips and tricks
12. How to interact with your animal care committee
Les étudiants et postdoctoraux sont invités à rencontrer notre assemblée d’experts pour discuter
des stratégies pour le développement professionnel dans et en-dehors du système universitaire.
Conseils utiles dans une atmosphère détendue. Les étudiants pourront se déplacer librement
d’un atelier à un autre et échanger dans la convivialité. Les thèmes des workshops de cette
année ont été choisis par nos représentants étudiants et seront les suivants:
1.
2.
3.
4.
5.
6.
7.
8.
9.

Comment trouver un emploi : rédiger un CV et une lettre de motivation
Publier ou périr : astuces pour être plus productif dans la publication
Activités extracurriculaires : lesquelles-sont les plus bénéfiques
Utiliser la rechercher pour voyager dans le monde
Trouver l’équilibre entre la vie professionnelle et privée
Sortir de sa tour d’ivoire : commencer une carrière en dehors du système Universitaire
Communication scientifique
Qu’attendre d’une carrière universitaire
Comment encadrer son encadrant : gérer et comprendre les conflits dans la relation
d’encadrement
10. Dépasser le syndrome de l’imposteur
11. Trucs et astuces pour rédiger une demande de subvention
12. Comment interagir avec votre comité de protection des animau
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Students and PDFs are invited to meet with our assembled experts to discuss the strategies for
professional development both within and outside of academia. Although the advice is serious;
the event is casual. Students should feel free to move from station to station as they wish and
partake in the friendly discussion. This year, the workshop topics were chosen by our student
members and are as follows:

Thursday/jeudi

Thursday May 10 / jeudi 10 mai
08:00-08:30

Coffee / Café

Bruneau Centre

08:30-10:30

CMD Symposium (S4)
Understanding Morphology: Diverse
Approaches to Deciphering Animal
Form and Function

A-1049

08:30-10:30

PIE Symposium (S5)
Environmental Contaminants and
Parasitism: What Do We Know and
What Questions Need To Be
Addressed

A-1043

08:30-10:30

Contributed Sessions
Mitochondria (CPB7)
Ion Transport/Regulation (CPB8)
Lipids and Fatty Acids (CPB9)

IIC-2001
A-1046
A-1045

10:30-11:00

Break / Pause

Bruneau Centre

11:00-12:00

Wardle Lecture / Prix Wardle

IIC-2001

12:00-13:15

IEE Section Lunch (with ticket)
CMD Section Lunch (with ticket)

E. Hatcher
W. Hatcher

13:15-15:15

Contributed Sessions
Population Sampling & Behaviour
(IEE3)
Hypoxia/Anoxia (CBP10)
Stress Biology (CBP11)
Neurobiology (CBP12)
Fish Immune Responses (PIE4)

A-1045
IIC-2001
A-1043
A-1046
A-1049

15:15-15:30

Break / Pause

Bruneau Centre

15:30-16:30

Boutilier Award / Prix Boutilier

IIC-2001

16:30-18:00

Open

18:00-19:00
19:00-21:00
21:00-01:00

Cocktail Hour
Banquet / Silent Auction
Awards Ceremony / Remise de
prix
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YellowBelly Brewery

Thursday/jeudi

summary / résumé

Thursday/jeudi

08:30-10:30
CMD Symposium
S4 - Understanding Morphology: Diverse Approaches to Deciphering
Animal Form and Function

S4-1
08:30

Rajendhran Rajakumar, M. Couture, M.J. Fave, S. Koch, A. Lillico-Ouachour, T.
Chen, A. Rajakumar, D. Ouellette, O. Tarazona, M.J. Cohn and E. Abouheif
McGill University
From Ants to Cartilaginous Fish: Retention and Reactivation of Ancestral
Developmental Potentials

S4-2
09:10

Campbell Rolian
University of Calgary
Linking Development, Morphology and Function in Skeletal Evolution

S4-3
09:50

Tamara A. Franz-Odendaal
Mount Saint Vincent University
Developmental Patterning and Variation of the Ocular Skeleton

PIE Symposium
S5 - Environmental Contaminants and Parasitism: What Do We Know and
What Questions Need To Be Addressed
A-1043
Chair: Barb Katzenbach
S5-1
08:30

Mark R. Forbes, S. A. Robinson and J. F. Provencher
Carleton University
Testing for Dual Effects of Contaminants and Parasitism: Lessons from
Waterbird- Helminth Associations

S5-2
09:10

David J. Marcogliese
St. Lawrence Centre
Parasites as Indicators of Environmental Stress: Lessons from Aquatic
Ecosystems

S5-3
09:50

Mark D. Fast
University of Prince Edward Island
It’s Not You It’s Me: Ectoparasites Implicate and Complicate Contaminant
Impacts on Fish
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A-1049
Chair: Heather Jamniczky

Thursday/jeudi

8:30-10:30
Contributed Sessions / Contributions pour les
Sessions
CPB7 - Mitochondria

CBP7-1
8:30

Rashpal S. Dhillon, K.A. Krautkramer, J. Baeza, A.J. Lawton, M.E. Pamenter, H.V.
Carey and J.M. Denu
University of Wisconsin-Madison
Role of Mitochondrial Protein Acetylation during Torpor

CBP7-2
8:45

Carly E. Tward and A.E. Mcdonald
Wilfrid Laurier University
Temperature Fluctuations and the Expression of Alternative Oxidase and Heat
Shock Protein in the Copepod Tigriopus californicus

CBP7-3
9:00

Robert P.J. Cormier and N. Pichaud
Université de Moncton
Fat Flies as a Model to Study Mitochondrial Dysfunctions

CBP7-4
9:15

Enrique Rodríguez, Tory M. Hagen and Pierre U. Blier
Université du Québec à Rimouski
The Architecture of the Mitochondrial Electron Transport System in Very
Long-lived Marine Bivalves: Are Supercomplex Assemblies Present?

CBP7-5
9:30

Hélène Lemieux, K.Y. Scott, R. Matthew and J. Woolcock
University of Alberta
Adjustments in Control of Mitochondrial Respiratory Capacity while Facing
Temperature Fluctuations

CBP7-6
9:45

Felix Christen, V. Desrosiers, B.A. Dupont-Cyr, G.W. Vandenberg, N.R. Le François,
J.C. Tardif, F. Dufresne, S.G. Lamarre and P.U. Blier
Université du Québec à Rimouski
Cardiac Fatty Acid Profiles, ROS Production and Mitochondrial Integrity in
Temperature Tolerance of Salmonids
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IIC-2001
Chair: Hélène Lemieux

Thursday/jeudi

8:30-10:30
CBP8 - Ion Transport/Regulation

CBP8-1
8:30

Alex M. Zimmer, R.M.W. Kwong and S.F. Perry
University of Ottawa
The Physiology of rhcgb-null Zebrafish Acclimated to a Low Sodium
Environment

CBP8-2
8:45

Shuang Liu, E.B. Taylor and J. G. Richards
University of British Columbia
Regional Differences in Ion Regulation of Prickly Sculpin (Cottus asper)

CBP8-3
9:00

Marina Giacomin, J. Eom, P.M. Schulte and C.M. Wood
University of British Columbia
The Effects of Temperature on Ventilation, Ionoregulation, and Acid-Base
Status in Pacific Hagfish (Eptatretus stoutii)

CBP8-4
9:15

William S. Marshall, J.P. Breves, C.K. Tipsmark, S.P. Kelly, E.M. Doohan, G.N.
Robertson and P.M. Schulte
St. Francis Xavier University
Claudin-10 Isoforms Expressed in Tight Junctions of Opercular Epithelium from
Killifish Acclimated to Freshwater, Seawater and Hypersaline

CBP8-5
9:30

Keri E. Martin, J. Ehrman, J. Wilson, P.A. Wright and S. Currie
Mount Allison University
Skin Ionocyte Remodelling in the Amphibious Mangrove Rivulus Fish
(Kryptolebias marmoratus)

CBP8-6
9:45

Courtney A. Deck, W.G. Anderson, J.M. Conlon and P.J. Walsh
North Carolina State University
The Activity of the Rectal Gland of the North Pacific Spiny Dogfish Squalus
suckleyi is Glucose- Dependent and Stimulated by Glucagon-Like Peptide-1

CBP8-7
10:00

E.A. Barnawi and Jonathan M. Wilson
Wilfrid Laurier University
+
+
Immunohistochemical Evidence of Branchial Expression of the H /K
ATPase Atp4a and Atp4b Subunits in the Teleost Oreochromis niloticus
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A-1046
Chair: Jonathan Wilson

Thursday/jeudi

8:30-10:30
CBP9 - Lipids & Fatty Acids

CBP9-1
8:30

Tomer Katan, X. Xue, A. Caballero-Solares, R.G. Taylor, M.L. Rise and C.C. Parrish
Memorial University of Newfoundland
Growth Performance, Tissue Composition, Gene Expression and Fatty Acid
Biosynthesis in Atlantic Salmon (Salmo salar) Fed Plant-Based Diets with
Varying Ratios of ω6 to ω3 Fatty Acids

CBP9-2
8:45

Daniel J. Kostyniuk, B.M. Culbert, J.A. Mennigen, and K.M. Gilmour
University of Ottawa
Social Status Affects Lipid Metabolism in Rainbow Trout, Oncorhynchus
mykiss

CBP9-3
9:00

Sulayman A. Lyons and G.B. Mcclelland
McMaster University
Lipid Oxidation Mechanisms for Thermoregulating Deer Mice (Peromyscus
maniculatus)

CBP9-4
9:15

Clemence Gourtay, C. Audet, D. Chabot, G. Claireaux and J. Zambonino
Institut Français de Recherche pour l'Exploitation de la Mer
Do Changes in Essential Fatty Acid Availability Impair Growth in European
Juvenile Sea Bass (Dicentrarchus labrax)?

CBP9-5
9:30

Camilla Parzanini, C.C. Parrish, J-F. Hamel and A. Mercier
Memorial University
Bathymetric Effects and Adaptations in Deep-Water Fish and Invertebrates
Collected Off Eastern Canada: Insights from Isotopic and Lipid Composition

CBP9-6
9:45

Derrick J.E. Groom, J.E. Deakin, M.C. Lauzau and A.R. Gerson
University of Massachusetts Amherst
Lean Mass Loss in Swainson’s Thrush (Catharus ustulatus) is Driven by
Humidity Rather than Energetic State or Flight Speed

CBP9-7
10:00

Lauren A. Gatrell, W.G. Pyle and T.E. Gillis
University of Guelph
Powering a Zombie Heart: Metabolic Fuel Utilization in the Excised Hagfish
Heart During Anoxia Exposure
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A-1045
Chair: Todd Gillis

Thursday/jeudi

R. A. Wardle Award / Le prix R.A. Wardle
11:00-12:00
IIC-2001
Chair: Barb Katzenback

Dr. John Gilleard
Department of Comparative Biology and Experimental
Medicine, Faculty of Veterinary Medicine University of
Calgary, Calgary, AB, Canada, email: jsgillea@ucalgary.ca

Parasitic nematodes are an important group of pathogens in livestock, companion
animals and humans. Their control is largely dependent on the routine use of drugs
called anthelmintics. Resistance to these drugs has arisen in multiple livestock parasites
worldwide and is now a major economic and animal welfare issue in livestock production.
Over 1 billion people in the developing world are infected with soil transmitted
gastro-intestinal nematodes and control is dependent on Mass Drug Administration
programs. There is increasing concern regarding the emergence of drug resistance in
human parasites similar to that which has already occurred in related livestock parasites.
In this presentation, I will discuss the current progress in our understanding of the
genetics and molecular epidemiology of drug resistance in livestock parasites, and how
we are now applying this knowledge to study the emergence of drug resistance in human
parasites. Our model organism is the small ruminant parasite Haemonchus contortus
due the availability of a chromosomal level reference genome assembly and genetic
crossing and mapping strategies. The focus of the presentation will be on our genetic
and genomic approaches in Haemonchus contortus and how we translate this to study
drug resistance in other important parasites of humans and animals.
Explorer la génétique moléculaire de la résistance aux médicaments chez les
nématodes parasites
Les nématodes parasites constituent un groupe majeur de pathogènes pour les animaux
de production et de compagnie, ainsi que pour l’homme. Les stratégies de contrôle des
parasites reposent principalement sur l’utilisation en routine de médicaments appelés
anthelmintiques. Des résistances à ces anthelmintiques se sont développées chez de
nombreux parasites du bétail à travers le monde et représente une problématique
économique et de santé animale majeure en production animale. Plus d'un milliard de
personnes dans les pays en voie de développement sont infectées par des nématodes
gastro-intestinaux transmis par le sol et dont le contrôle repose sur des programmes
d'Administration Massive de Médicaments. On s'inquiète de plus en plus de la possibilité
d’émergence d’une pharmaco-résistance chez les parasites humains semblable à celle
qui s'est déjà manifestée chez les parasites du bétail apparentés. Dans cette
présentation, je discuterai des progrès actuels dans notre compréhension de la
génétique et de l'épidémiologie moléculaire de la résistance aux médicaments chez les
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Exploring The Molecular Genetics of Drug Resistance in
Parasitic Nematodes
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Thursday/jeudi

parasites du bétail, et comment nous appliquons maintenant ces connaissances pour
étudier l'émergence de la pharmaco-résistance chez les parasites humains. Notre
organisme modèle est le parasite des petits ruminants Haemonchus contortus en raison
de la disponibilité d'un assemblage de génomes de référence au niveau chromosomique
et de stratégies de croisement et de cartographie génétiques. L'exposé portera sur nos
approches génétiques et génomiques chez Haemonchus contortus et sur la façon dont
nous traduisons cela pour étudier la résistance aux médicaments chez d'autres
parasites importants chez les humains et les animaux.
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13:15-15:15
Contributed Sessions / Contributions pour les
Sessions
IEE3 - Population Sampling & Behaviour

IEE3-1
13:15

Emma L.L. Cooke, R.S. Gregory, D. Cote and P.V.R. Snelgrove
Memorial University
Spatial and temporal scales of connectivity in Atlantic cod (Gadus morhua)
recruitment signals in Newfoundland

IEE3-2
13:30

Nathan Grant and S. Leys
University of Alberta
Species-specific Glass Sponge Behavioural Responses to Suspended Sediments
is seen in Four Glass Sponges

IEE3-3
13:45

Curtis Dinn and S.P. Leys
University of Alberta
The Hidden Biodiversity of Sponges (Porifera) the Eastern Canadian Arctic

IEE3-4
14:00

Eileen C. Haskett and G. D. Gibson
Acadia University
Response of Intertidal Invertebrates of a Megatidal Estuary to Suspended
Sediment

IEE3-5
14:15

Randy F. Lauff, L. Daut, M. Dirubio, G. Maclaughlin, Y. Alarie, S. Chordas Iii and B.R.
Taylor
St. Francis Xavier University
Aquatic Insects of Hypopagea

IEE3-6
14:30

Jenna P.B. Mcdermott, D.M. Whitaker and I.G. Warkentin
Memorial University
Elevational Distribution and Habitat Requirements of the Red Squirrel in Western
Newfoundland

IEE3-7
14:45

Valérie A.M. Schoof, T.L. Goldberg, D. Greenberg, G. Mastromonaco and C.A.
Chapman
York University
Effect of Parasite Infection on Fecal Glucocorticoids and Behaviour in Vervet
Monkeys (Chlorocebus pygerythrus) at Lake Nabugabo, Uganda

IEE3-8
15:00

Russell C. Wyeth, S. Brown, C. Cooper, et al.
St Francis Xavier University
Sentinel Behavior in American Crows during Autumn in Nova Scotia

IEE3-9
15:15

Jaclyn A. Aubin, E. Vander Wal and R. Michaud
Memorial University
Mini Talk: Investigation of Allomaternal Care in the Endangered St. Lawrence
Estuary Beluga (Delphinapterus leucas) Population
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A-1045
Chair: Daniel Fortin
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13:15-15:15
CPB10 - Hypoxia/Anoxia

CPB10-1
13:15

Jonathan A.W. Stecyk, C.S. Couturier, D.V. Abramochkin, K.L. Kubly, A.
Arrant-Howell, C. Swalling, C.J. Pinard and A. Vogt
University of Alaska Anchorage
Hypoxia is a Key Factor Modulating the Electrical Activity Pattern in the Heart of
Alaska Blackfish (Dallia pectoralis)

CPB10-2
13:30

Ryan J. Sprenger, A.B. Kim and W.K. Milsom
University of British Columbia
Developmental Changes in the Response to CO2 in Semi-Fossorial Mammals

CPB10-3
13:45

Tillmann J. Benfey and R.H. Devlin
University of New Brunswick
Ploidy has Minimal Impact on Hypoxia Tolerance at High Temperature in
Rainbow Trout (Oncorhynchus mykiss)

CPB10-4
14:00

Yihang K. Pan and S.F. Perry
University of Ottawa
The Role of Serotonin in Regulating the Hypoxic Hyperventilatory Response in
Larval Zebrafish

CPB10-5
14:15

Michael W. Country, B.N.F. Campbell, D. Foschia and M. G. Jonz
University of Ottawa
Spontaneous Activity in Neurons of the Goldfish (Carassius auratus) Retina is
Protected by Hypoxia

CPB10-6
14:30

Yvonne A. Dzal and W.K. Milsom
University of British Columbia
Matching Oxygen supply and Oxygen Demand: Do Hibernating Rodents
Tolerate Cold and Hypoxia through the Retention of Traits Common to
Newborn Mammals?

CPB10-7
14:45

Anne Beemelmanns, F.S. Zanuzzo, X. Xue, R.M. Sandrelli, M.L. Rise and A.K.
Gamperl
Memorial University
The Transcriptional Response of Atlantic Salmon (Salmo salar) to High
Temperature Alone, or in Combination with Hypoxia
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IIC-2001
Chair: Tillmann Benfey
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13:15-15:15
CPB11 - Stress Biology
A-1043
Chair: Nathan Vo

13:15

CPB11-2
13:30

CPB11-3
13:45

CPB11-4
14:00

CPB11-5
14:15

CPB11-6
14:30

CPB11-7
14:45

CPB11-8
15:00

Katherine Jennings, C. Best, B.M. Culbert and K.M. Gilmour
University of Ottawa
The Signs of Stress: Mechanisms Underlying Appetite Loss in Subordinate
Rainbow Trout (Oncorhynchus mykiss)
Cayleih E. Robertson and G.B. McClelland
McMaster University
The Cost of Good Parenting: Altered Maternal Care in High Altitude Deer Mice,
Peromyscus maniculatus
Heather A. Ikert, P. Marjan, A.C. Doxey, M.R. Servos, J.P. Giesy, B.A. Katzenback and
P.M. Craig
University of Waterloo
Can microRNA Secreted from Trout Be Used to Detect Their Response to Stress?
Krista L. Latimer and T.J. Benfey
University of New Brunswick
The Effect of Temperature on the Aerobic Scope of Triploid Brook Charr
(Salvelinus fontinalis)
Emmanuelle Vandermeeren, F. Christen, V. Desrosiers, B.A. Dupont-Cyr, F.
Dufresne, S.G. Lamarre and P.U. Blier
Université du Québec à Rimouski
Oxidative Stress Management and Thermal Stress Tolerance in Brook Char
(Salvelinus fontinalis)
Robin H.J. Leeuwis, G.W. Nash, R.M. Sandrelli, F.S. Zanuzzo and A.K. Gamperl
Memorial University
The Metabolic Physiology and Environmental Tolerances of Sablefish
(Anoplopoma fimbria)
Nguyen T.K. Vo, B.S.H. Sokeechand, C.B. Seymour and C.E. Mothersill
McMaster University
Usefulness of the Fish Cell Line eelB in the Discipline of Environmental
Radiation Biology
Fabio S. Zanuzzo, D.A. Ramsay, A. Beemelmanns, R.M. Sandrelli and A.K. Gamperl
Memorial University
Influence of Temperature and Hypoxia on the Stress Response of Atlantic
Salmon (Salmo salar) and Steelhead Trout (Oncorhynchus mykiss)
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13:15-15:15
CPB12 - Neurobiology

CPB12-1
13:15

Hussain Al-Alkawi, I. Orchard and A.B. Lange
University of Toronto Mississauga
Localization and Physiological Effects of Sulfakinin, and the Isolation and
Characterization of Two Sulfakinin Receptors in Rhodnius prolixus

CPB12-2
13:30

Alex P. Young, C. Landry, D.L. Jackson and R.C. Wyeth
St. Francis Xavier University
Molecular Characterization of the Peripheral Nervous System in the Pond Snail
(Lymnaea stagnalis)

CPB12-3
13:45

Andrew Thompson and M.M. Vijayan
University of Calgary
The Antidepressant Venlafaxine Disrupts the Serotonergic System in the
Larval Zebrafish Brain

CPB12-4
14:00

Cailin M. Rothwell and K. Lukowiak
University of Calgary
A Transformed Lab-bred Strain of Snail Demonstrates Enhanced Memory and
Resilience to Stress

CPB12-5
14:15

Azizia Wahedi, A. Oryan and J.P.-V. Paluzzi
York University
Functional Characterization, and Transcript Expression Analysis of three
GnRH-related Peptide Receptors in the Disease Vector Aedes aegypti

CPB12-6
14:30

Aryan Lajevardi, M.R. Brown and J-P.V. Paluzzi
York University
Receptor Expression, Immunolocalization and Physiological Activity of a
Pyrokinin Neuropeptide in the Yellow Fever Mosquito, Aedes aegypti

CPB12-7
14:45

Kathleen M. Gilmour, J. Tea and S.L. Alderman
University of Ottawa
Social Stress Reduces Neurogenesis in the Telencephalon of Subordinate Male
Zebrafish (Danio rerio)

72

Thursday/jeudi

A-1046
Chair: Russell Wyeth

Thursday/jeudi

13:15-15:15
PIE4 - Fish Immune Responses
A-1049
Chair: Dr. Brian Dixon
Anna E. Smith and S.G. Hinch
University of British Columbia
The Smell of Fear: The Influence of Heavy Metals on Juvenile Salmonid
Olfaction and Behaviour

PIE 4-2
13:30

Tania Rodríguez Ramos, A. Frenette, S.L. Semple, G. Heath, C. Soulliere, L. Sever,
D.A. Ramsay, J. Iwanczyk, J. Rix, K. Gamperl and B. Dixon
University of Waterloo
Developing Protein Level Assays for Key Immune Markers in Salmonids

PIE 4-3
13:45

Atefeh Ghorbani, M.H. Solbakken, D.N. Huebert, K. Eslamloo, T.S. Hori, S. Jentoft,
M.L. Rise, M. Larijani
Memorial University
Impairment of Functional Activation-induced Cytidine Deaminase (AID) in the
Atlantic Cod

PIE 4-4
14:00

Xi Xue, J.R. Hall, A. Cabalero-Solares, E. Jakob, R. Kvingedal, C. Hawes, J. Pino, J.
Sepulveda, R.G. Taylor, J. Santander and M.L. Rise
Memorial University
Functional Genomics Analyses of the Molecular Mechanisms Involved in Atlantic
Salmon Responses to The Bacterial Pathogen Piscirickettsia salmonis

PIE 4-5
14:15

Setu Chakraborty, A. Hossain, H. Gnanagobal, T. Cao, D. Boyce and J. Santander
Memorial University
Infection and Vaccination of Lumpfish (Cyclopterus lumpus) Against Aeromonas
salmonicida

PIE 4-6
14:30

Shawna L. Semple, I.M. Mulder, T. Rodriguez-Ramos, M. Power and B. Dixon
University of Waterloo
The effect of implanted telemetry transmitters on the immune function of
rainbow trout (Oncorhynchus mykiss)

PIE 4-7
14:45
Empty
PIE 4-8
15:00
Empty
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Boutilier Award / Le prix Boutilier
15:30-16:30 IIC-2001
Chair: Colin Brauner

Dr. Stephanie J. Dewitte-Orr
Sarah J Poynter2, S. Herrington-Krause3, T. Alkie1, J.D. De
Jong1,S.J. Dewitte-Orr1
1

Department of Health Sciences, Wilfrid Laurier University,
Waterloo, ON, Canada; 2Department of Biology, University of
Waterloo, Waterloo, ON, Canada; 3Department of Biology, Wilfrid Laurier University,
Waterloo, ON, Canada. E-mail: sdewitteorr@wlu.ca

Long double-stranded (ds)RNA (>40bp) is produced by viruses during replication and
stimulates host cell expressed pattern recognition receptors (PRRs). When PRRs sense
viral (v)dsRNA, intracellular signaling cascades are activated, increasing type I
interferons (IFNs) and interferon- stimulated gene (ISG) expression and establishing an
antiviral state, which protects the cell from virus infection. (v)dRNA is a potent antiviral
molecule, with the potential to act as a broad spectrum antiviral therapy in animals,
including fish; however, very little is known of (v)dsRNA in aquatic animals. We have
shown that aquatic viruses make (v)dsRNA during replication. We have developed a
number of novel techniques to detect (v)dsRNA and have identified new PRRs and ISGs
in rainbow trout. As the native (v)dsRNA molecule is difficult to detect and isolate, we
have found in vitro-transcribed (ivt-) dsRNA can act as a proxy, stimulating an innate
immune response similarly to native (v)dsRNA. Work is in progress to use ivt-dsRNA as
an innate immune modulator, either by itself, or in conjunction with a novel nanocarrier.
ivt-dsRNA associated with the nanocarrier is proving promising as a potent IFN stimulant
in rainbow trout cells. Together, this work is laying the groundwork for dsRNA-based
therapies in aquatic animals.
Modulation de l'immunité antivirale innée au niveau cellulaire en utilisant l'ARN
double-brin chez la truite arc-en-ciel
De longs double-brins d’ARN (dsRNA) (>40bp) sont produits par les virus lors de la
réplication, stimulant les récepteurs de l’immunité innée (PRRs, Pattern Recognition
Receptor) de la cellule hôte. Lorsque les PRR détectent les double-brins d’ARN viraux
((v)dsRNA), des cascades de signalisation intracellulaires sont activées et font croître le
niveau d’expression d’interférons de type I (IFN) et de gènes stimulés par l’interféron
(ISG), ce qui établit un état antiviral, protégant la cellule contre l’infection virale. Le
(v)dRNA est une molécule antivirale puissante, ayant le potentiel de servir comme
thérapeutant antiviral à large spectre chez les animaux, y inclus les poissons.
Cependant, les (v)dRNA sont très peu connus chez les animaux aquatiques. Nous
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avons démontré que les virus aquatiques produisent des (v)dsRNA lors de la réplication.
Nous avons développé des techniques novatrices pour détecter les (v)dsRNA et avons
identifié de nouveaux PRR et ISG chez la truite arc-en-ciel. La molécule (v)dsRNA
indigène est difficile à détecter et isoler, et nous avons découvert que le dsRNA transcrit
in vitro (ivt-) peut agir comme substitut, stimulant une réponse immunitaire innée
semblable au (v)dsRNA indigène. Nous développons l’utilisation de l’ivt-dsRNA comme
modulateur de l’immunité innée, soit par elle-même ou avec un nouveau
nano-transporteur. La combinaison de l’ l’ivt-dsRNA avec le nano-transporteur promet
d’être un stimulant IFN puissant chez les cellules de la truite arc-en-ciel. Ce travail
prépare la voie pour d’autres therapies basées sur le dsRNA chez les animaux
aquatiques.
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QUINN H. ABRAM*, N.C. BOLS, B.A. KATZENBACK AND B. DIXON
Dept. of Biology, University of Waterloo, Waterloo, ON. Canada. E-mail: qhabram@uwaterloo.ca
Regulation of Endogenous Antigen Presentation in Rainbow Trout (Oncorhynchus mykiss)
Cells at Suboptimal Temperatures
Régulation de la présentation de l'antigène endogène dans des cellules de truite arc-en-ciel
(Oncorhynchus mykiss) à des températures suboptimales
During winter months and extreme temperature events, rainbow trout (Oncorhynchus mykiss) and
other teleost species face low environmental temperatures. Suboptimal temperatures can negatively
impact their immune system, with some evidence of impairment of the endogenous antigen
processing and presentation pathway (EAPP). In mammals, the EAPP is an important adaptive
pathway for dealing with intracellular pathogens, including viruses, through the presentation of
endogenous antigens via major histocompatibility (MH) class I receptors to cytotoxic T cells. Using
the rainbow trout hypodermal fibroblast cell line RTHDF as an in vitro model, it was determined
that temperature did not impact the basal gene expression of EAPP members between 4°C and
20°C. However, following stimulation with the type I interferon inducer Poly I:C, inducible
expression of IFN1, an upstream regulator of the pathway, and of the EAPP-specific members
tapasin, MH class I, and 2-microglobulin was delayed at 4°C relative to 20°C. A similar effect of
low temperature on inducible expression of these genes has been observed following infection with
viral haemorrhagic septicaemia virus IVb in preliminary trials. These results suggest that the ability
of rainbow trout to respond to viral pathogens may be impaired at colder environmental
temperatures.
SANGWOOK AHN*, J. SCHLEPPE AND C. GOATER
Dept. of Biology, University of Lethbridge, Lethbridge, AB. Canada. E-mail: ahn@uleth.ca
Effects of Trematode Parasitism on Reproduction of Male Fathead Minnows in a
Population in Northern Alberta
Effets du parasitisme des trématodes sur la reproduction des ménés têtes-de-boule mâles
dans une population du nord de l'Alberta
Parasites can reduce the reproductive performance of their hosts, often influencing mate choice or the
ability of their host to enter the breeding population. We investigated correlates of breeding success of
male fathead minnows (Pimephales promelas) in a population in northern Alberta, Canada. Host
morphological characteristics and parasite abundances were analyzed using a GLM for males that
successfully entered the breeding population (breeders) and those that were unable to enter the breeding
population (non-breeders). Males collected during the defense of their nests contained 18-49% lower
mean abundances of metacercariae of 3 species of trematode compared to non-breeding males. The
results of our analyses indicate that mean metacercariae intensities of two trematodes as well as host
condition were significant in predicting breeding status of male minnows. Differences in parasite
intensity in males could not be explained by differences in host size or by differences in parasite
transmission into the two male types. Rather, the evidence supports the idea that infection with larval
trematodes influence a male’s ability to obtain or defend a nest.
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HUSSAIN AL-ALKAWI*, I. ORCHARD AND A.B. LANGE
Dept. of Biology, University of Toronto Mississauga, Mississauga, ON. Canada. E-mail:
hussain.al.alkawi@mail.utoronto.ca
Localization and Physiological Effects of Sulfakinin, and the Isolation and
Characterization of Two Sulfakinin Receptors in Rhodnius prolixus
Localisation et effets physiologiques de la sulfakinine ainsi que l’identification et la
caractérisation de deux récepteurs de sulfakinine chez Rhodnius prolixus
Sulfakinins (SKs) are neuropeptides that have been shown to function as feeding satiety factors in
insects. We confirmed the presence of two sulfakinins (Rhopr-SK-1 and Rhopr-SK-2) in Rhodnius
prolixus. Reverse transcriptase quantitative PCR (RT-qPCR) demonstrated that the Rhopr-SK
transcript is mainly expressed in the central nervous system (CNS) of fifth-instar R. prolixus.
Fluorescent in situ hybridization showed transcript expression in the brain. Immunohistochemical
staining of SK-like peptides was observed in the same neurons and in processes throughout the
CNS, as well as in processes on the posterior midgut and anterior hindgut. Two seventransmembrane Rhopr-SK G protein-coupled receptors (GPCRs) were cloned and characterized. A
functional receptor assay that utilized Human Embryonic Kidney (HEK)- 293 cells stably
expressing a modified cyclic nucleotide-gated (CNG) channel (HEK293/CNG) deorphaned the two
SK receptors, which are sensitive to Rhopr-SK-1 and 2 in the pM range. RT- qPCR of the receptors
revealed that their highest expression is in the CNS, with further expression in peripheral tissues.
Rhopr-SK-1 induced contractions of the hindgut in a dose- dependent manner. Injection of RhoprSK-1 decreased the weight of the blood meal consumed. In addition, Rhopr-SK-1 inhibits
contractions of adult oviduct and ejaculatory ducts in a dose- dependent manner.
AREEJ ALANSARI*, H. STEVENS AND R.C. WYETH
Dept. of Biology, St Francis Xavier University, Antigonish, NS. Canada. E-mail: aalansar@stfx.ca
How the Pond Snail, Lymnaea stagnalis, Finds Food With and Without Flow
Comment l'escargot Lymnaea stagnalis trouve sa nourriture avec sans courant d'eau
How snails navigate in aquatic environments is poorly understood. In aquatic animals, olfactory-based
navigational strategies are chemotaxis or chemo-gated rheotaxis, depending on the presence of flow.
Olfactory navigational behaviour of the pond snail, Lymnaea stagnalis, has not been compared
between conditions with and without flow, both of which occur in its natural habitat. Our goal was to
test if L. stagnalis can use chemotaxis (movement directly in response to a chemical gradient) without
flow and use chemo-gated rheotaxis (movement relative to flow direction triggered by odours) with
flow. Experiments were carried out in bowls (without flow) and flow tanks (with flow) with 4 odour
treatments: lettuce, earthworm-based food, algae-based food, and Elodea sp. (natural prey plant),
along with two controls: no odour source and an empty odour source cage. After analyzing 30-min
videos of each snail’s movements, we confirmed L. stagnalis locates odour sources either with or
without flow. In both conditions, snail movements show the strongest orientation towards earthwormbased and algae-based food, diminished orientation towards lettuce and Elodea, and apparently
random movements in the controls. These data support the hypothesis that L. stagnalis navigates via
either chemotaxis or chemo- gated rheotaxis to find food, depending on the flow conditions.
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SARAH L. ALDERMAN*1, S. AVEY1, C.J. KENNEDY2, A.P. FARRELL3 AND T.E. GILLIS1
1
Dept. of Integrative Biology, University of Guelph, Guelph, ON. Canada; 2 Dept. of Biological Sciences,
Simon Fraser University, Burnaby, BC. Canada; 3 Dept. of Zoology, University of British Columbia,
Vancouver, BC. Canada. E-mail: alderman@uoguelph.ca
Sink or Swim: Physiological Effects of Dilbit Exposure on Seawater Transition in
Salmon Smolts
Couler ou nager: les effets physiologiques de l'exposition au dilbit sur la transition à l'eau de
mer chez les saumoneaux
Existing and proposed transport routes of diluted bitumen (dilbit) from the Alberta oil sands
intersect coastal watersheds that are critical habitat for Atlantic and Pacific salmon, including
several threatened and at risk populations. Previously, we showed that juvenile salmon exposed to
environmentally relevant concentrations of the water-soluble fraction of dilbit (WSFd) experienced
increased cell damage and potential kidney dysfunction. Therefore, the present study tested the
hypothesis that WSFd exposure impairs osmoregulatory capacity of smolts during seawater
transition. We exposed Atlantic salmon smolts in freshwater to WSFd (nominal total initial
polycyclic aromatic hydrocarbon concentrations of 0, 10, or 100 g/L), and then transferred the fish
to clean seawater for 0, 1, or 7 days. In addition, a subset of exposed fish were allowed a 1 or 2
week depuration period in clean freshwater prior to seawater transfer in order to assess the timing
and extent of recovery from WSFd exposure. A suite of endpoints relevant to seawater acclimation
will be quantified in the blood (plasma ions and osmolality), gill (Na+/K+ ATPase isoform
expression and enzyme activity), and kidney (aquaporin expression). This study is important for
understanding the potential ecological impacts of a dilbit spill in salmon habitat.
SARAH L. ALDERMAN*1, E.M LEISHMAN1, M.L.M. FUZZEN2 AND N.J. BERNIER1
1
Dept. of Integrative Biology, University of Guelph, Guelph, ON. Canada; 2 Dept. of Biology,
McMaster University, Hamilton, ON. Canada. E-mail: alderman@uoguelph.ca
Corticotropin-Releasing Factor Regulates Caspase-3 to Protect Developing Zebrafish from
Stress-Induced Apoptosis
La corticolibérine régule la caspase-3 pour protéger le poisson zèbre en développement contre
l'apoptose induite par le stress
The corticotropin-releasing factor (CRF) system is expressed in the earliest stages of zebrafish
development, but its function during embryogenesis is unknown. We tested the hypothesis that CRF
protects embryos from stress-induced apoptosis. We show that 1h heat shock at either 6h or 30h
post-fertilization (hpf) increases caspase-3 activity, a key effector of apoptosis. Temporal changes
in the expression of crf and its binding protein (crf-bp) during recovery from heat shock indicate
that the CRF system responds to stressors as early as gastrulation. Embryos that overexpressed CRF
showed a reduced caspase-3 induction with heat shock, while blocking the CRF receptor type 1
(CRF-R1) with antalarmin increased caspase-3 activity, supporting a direct role for the CRF system
in regulating apoptosis. Finally, most heat shock induced mortality occurs during the first hour of
recovery, and the delayed caspase-3 induction coincides with a mortality plateau. Since neither
CRF overexpression nor antalarmin treatment altered heat shock induced mortality, we suggest that
the cytoprotective effects of CRF are specific to apoptotic pathways. This study provides novel in
vivo evidence of CRF cytoprotection and demonstrates for the first time a function for the CRF
system in early development that precedes its role in the endocrine stress response.
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A Role for Nonapeptides in Male Cyprinid Reproduction
Le rôle des nonapeptides dans la reproduction des cyprinidés mâles
Two morphologically distinct nonapeptide systems have evolved in vertebrates, and their role in
male reproduction is well-described in mammalian model systems. In contrast, their role in
reproduction in basal vertebrate species, and teleost fish in particular, has not been formally
investigated. Taking advantage of the zebrafish model D. rerio, we address the hypothesis that the
teleost nonapeptides, isotocin and vasotocin, stimulate male cyprinid reproductive physiology. Initial
experiments using acute pharmacological inhibition of either isotocin or vasotocin provide the first
evidence for a contribution of either nonapeptide system to reproductive success in male zebrafish,
while co-administration of isotocin and vasotocin antagonists in male zebrafish results in almost
complete inhibition of reproductive success. Using quantification of behavioural analysis and
endocrine indices (androgen) to address the contribution of central and peripheral effects, we show
that the stimulatory effects of vasotocin on male reproductive success are likely mediated via central
pathways regulating behavior. In an effort to link the male nonapeptide system to environmental
stimuli known to promote male reproductive success, we are currently investigating the hypothesis
that the well-described cyprinid releaser pheromone PGF2a, which acutely stimulates male
reproductive behavior in cyprinids, exerts its effects at least in part via the male nonapeptide
systems.
JUDY E. ANDERSON*, A. CUNHA AND M.F. DOCKER
Dept. of Biological Sciences, University of Manitoba, Winnipeg, MB. Canada. E-mail:
judy.anderson@umanitoba.ca
Novel “Omega Fibers” in Superficial Body-Wall Myotomes Only During Metamorphosis in the
Northern Brook Lamprey, Ichthyomyzon fossor
Nouvelles "fibres oméga" dans les myotomes superficiels de la paroi du corps de la lamproie du
ruisseau du nord, Ichthyomyzon fossor, apparaissant seulement pendant la métamorphose
Lampreys transform from sedentary filter-feeders to mobile adults by metamorphorphic changes in
anatomy, biochemistry, and function from larva to adult. However, modifications of body-wall myotomes
during metamorphosis that account for altered swimming behavior have not been investigated. Northern
brook lamprey, Ichthyomyzon fossor, were studied at larval (n=4), mid-to-late metamorphosis (n=3), and
adult (n=2) stages using histology, immunostaining, and Western blotting to investigate myotomal
architecture and proteins important in muscle precursor cell specification (Pax7) and activity (MyoD,
NOS-1, cmet, HGF). In addition to the complex fibers arrangement in units of central and parietal fibers
in myotomes, we observed novel “omega-shaped” fibers in the most superficial mid-body myotomal layer
only in metamorphosing fish. We conclude that transient omega fibers enable increased swimming
efficiency between larval and adult stages. Satellite cells co-expressing Pax7 and MyoD were identified
on central fibers in metamorphosing and adult lamprey. The unique structure of lamprey myotomes
suggests highly conserved Pax7 and MyoD genes have distinctive regulation and function compared to
their function in other vertebrates. Further study should determine when omega fibers first appear; if
present before the earliest external signs of metamorphosis, they could be an early indicator of
metamorphosis in the invasive sea lamprey, Petromyzon marinus.
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Thermal Limits of Spiders, Mites, and Pseudoscorpions from Arctic and Temperate
Habitats
Les limites de température des araignées, acariens, et pseudoscorpions des habitats arctiques
et tempérés
As ectotherms, the activity of terrestrial arachnids is bounded by the critical thermal maximum
(CTmax) and critical thermal minimum (CTmin). In Arctic and temperate climates, arachnids survive
sub-freezing temperatures by either remaining unfrozen (freeze avoidant) or tolerating internal ice
formation (freeze tolerant). Here, we explore the thermal biology of a range of arachnids exposed to
extreme conditions. We report that: The CTmin (mean= -3.6C) and freezing temperature
(supercooling point, SCP; mean= - 6.9C) are higher in the Beringian pseudoscorpion Wyochernes
asiaticus (Yukon Territory) as compared to other small high latitude ectotherms as determined by
previous studies. Whereas, the thermal limits (SCP and CTmax) of Arctic wolf spiders (Pardosa
spp., Yukon Territory and Greenland; mean SCP= -5.4 to -8.0C; mean CTmax=42.3 to 46.9C)
are also comparable to lower latitude ectotherms. These lower thermal limits are insufficient to
allow arachnids to survive Arctic winters, therefore we tested for plasticity in the thermal limits.
SCP and CTmax will change with acclimation in some Pardosa spp.; however, acclimation to low
temperatures did not confer better low-temperature tolerance. Lastly, the temperate red velvet mite
Allothrombium sp. is freeze-tolerant during winter. Thus, temperate and polar arachnids employ the
full range of arthropod cold tolerance strategies.
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Investigation of Allomaternal Care in the Endangered St. Lawrence Estuary Beluga
(Delphinapterus leucas) Population
Enquête sur les soins allomaternels chez les bélugas (Delphinapterus leucas) en voie de disparition
de l’estuaire du St. Laurent
Allomaternal care, a reproductive strategy by which offspring are cared for by multiple female group
members, is common among odontocetes, but has not been described in wild belugas (Delphinapterus
leucas). Despite this, in the endangered St. Lawrence Estuary beluga population, conservationists
often encourage allomaternal adoption by releasing orphaned calves into groups of females with
young. However, the outcomes of these rescues are unknown, and the effectiveness of this protocol
has recently been questioned. During the summer of 2017, we collected footage of female belugas
with young in the Saguenay-St. Lawrence Marine Park using an unmanned aerial vehicle, and
conducted continuous focal behavioural sampling of calves, yearlings, and juveniles to determine
whether allomaternal care occurs in this population. Mother-offspring pairs typically swim in echelon
formation, a behaviour similar to infant carrying. We predicted that echelon swimming would not be
restricted to mother-offspring pairs, but that offspring would echelon swim with multiple females.
Preliminary analysis shows that, as predicted, focal calves, yearlings, and juveniles were observed
echelon swimming with multiple females. Interestingly, calves were most likely to echelon swim with
more than one female. These findings offer empirical support to the practice of rescuing and releasing
orphaned calves in this endangered population.
ERIN F. BAERWALD*
Dept. of Biology, University of Regina, Regina, SK. Canada
Landscape Features Associated with Bat Fatalities at Wind Energy Facilities
Caractéristiques du paysage associées aux mortalités de chauves-souris dans les installations
d'énergie éolienne
Currently, fatalities at wind energy facilities are the greatest known sources of mortality for migratory
bats. Between 840,000 and 1.7 million bats were killed by wind turbines in the U.S. and Canada from
2000-2011, ~80% of which were of three species of migratory tree- roosting bats. Recent analyses
suggest that fatalities are negatively affecting populations of these species. To reduce the impacts of
wind energy on bat populations, developers and operators can locate projects in “low fatality risk”
areas, but this is challenging because habitat use by migratory tree-roosting species of bat is not wellunderstood. Intuitively, high-risk areas are within spaces that concentrate migrating bats (e.g. riparian
corridors or ridgelines), but these spaces are not well-defined. However, recent acoustic-based studies
in Saskatchewan, Canada and modelling based on fatality data from wind energy facilities in Ontario,
Canada suggest that fatality risk is correlated with landscape features, such as distance to forest and
proportion of water and cropland. This knowledge can be used in siting future developments.
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Thermal Safety, Environmental Variability and Biodiversity Change
Sécurité thermique, variabilité environnementale et changements à la biodiversité
Temperature is one of the most influential factors affecting the physiology, abundance and the
distribution of species in the shallow ocean. Temperature change has different dimensions –
magnitude, position and timing – which in turn influence the performance of individuals in space
and time, scaling up to drive shifts in populations and communities. I focus on highlighting how the
tolerances of species quantified using experiments (fundamental thermal niche) and geographic
distribution data (realized thermal niche) can be applied to estimate species’ sensitivity at both warm
and cool limits. The thermal niche also accurately predicts shifts in species abundance, colonization,
local decline, and species turnover from plankton to fish. Using the thermal niche as a baseline
across species, I describe a framework to link explicit expectations of biodiversity change to
different signals of temperature change.

HANNES BAUMANN*
University of Connecticut, Dept. of Marine Sciences, Groton, CT. E-mail:
hannes.baumann@uconn.edu
Using Experiments to Assess the Sensitivity of Fish to Marine Climate Change: Progress and
Knowledge Gaps
L’utilisation d’expériences pour évaluer la sensibilité des poissons aux changements
climatiques marins: progrès et lacunes dans les connaissances
The recent two decades have seen a profusion of experimental research assessing the potential
impacts of ocean warming, acidification and oxygen decline on marine organisms. The talk will
focus on marine fish and give a broad overview of the progress made through experimental
approaches pertaining to four key issues: (1) improvements in experimental designs including the
identification of previously unrecognized confounding factors; (2) the broad recognition of extant
CO2 variability across marine habitats (e.g., nearshore vs. offshore) and short time scales (diel,
seasonal); (3) the firm emergence of marine climate change as a multistressor problem including the
very real possibility of synergistically negative effects of warming x acidification x oxygen decline;
and (4) breakthrough advances in our mechanistic understanding of CO2 effects on the physiology
of marine fish. No single experiment allows predicting the fate of future populations, but the
accumulation of continuously improving empirical evidence will ultimately yield robust estimates
of reaction norms in contemporary species and thus inform modeling scenarios. Experiments will
also be critical for addressing the most pressing knowledge gaps of species interactions and intraspecific variability and its importance for the adaptation potential of fish to a high CO2 world.
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The Transcriptional Response of Atlantic Salmon (Salmo salar) to High Temperature Alone, or in
Combination with Hypoxia
La réponse transcriptionnelle du saumon atlantique (Salmo salar) exposé à une température
élevée, seule ou combinée à l'hypoxie
Increasing temperatures and reduced oxygen levels (hypoxia) resulting from climate change are likely to
negatively affect the physiology, immunology, survival and distribution of marine fish species, including
salmonids that live on Canada’s Atlantic coast. To better understand how these environmental
challenges may impact Atlantic salmon, we sampled the liver of fish exposed to control conditions
(12°C, 100% air sat), an incremental increase in temperature (1°C / week) to 20°C and this high
temperature treatment in combination with hypoxia (70% air sat.), and used Agilent 44K microarrays to:
1) examine changes in global gene expression; and 2) screen for potential biomarkers of heat stress,
oxidative stress, as well as altered immune function. Overall, there were 4005 significantly dysregulated
genes when comparing both experimental groups with the control fish. The transcription of most genes
was affected similarly in the two experimental groups, with transcripts involved in oxidative stress (e.g.
EPX, TRX, PRDX6), the heat-shock response (e.g. HSP90A, HSP90B, HSPA8, HSP70, SERPH1) and
immune function (e.g. APOD, CATHL-1, CASP-8, CCL-20, C1QL-2, IRF-2, IL-8, MMP-9, NCKAP1L) amongst the most prevalent. However, pathways connected to apoptosis, virus/bacteria defense and
inflammation were more enriched in the group exposed to high temperature and hypoxia vs. high
temperature alone.
TILLMANN J. BENFEY*¹ AND R.H. DEVLIN²
¹Dept. of Biology, University of New Brunswick, Fredericton, NB. Canada; ²Fisheries and Oceans
Canada, West Vancouver, BC. Canada. E-mail: benfey@unb.ca
Ploidy has Minimal Impact on Hypoxia Tolerance at High Temperature in Rainbow
Trout (Oncorhynchus mykiss)
La ploïdie a un impact minimal sur la tolérance à l'hypoxie à haute température chez la truite
arc-en-ciel (Oncorhynchus mykiss)
Polyploidy is an important driver of evolutionary change (generally via tetraploidy) and also serves a
practical role in aquaculture and fisheries management (via triploidy). Fundamental changes in cell size
and number that accompany polyploidy are predicted to affect cellular and whole-animal physiology,
potentially altering environmental tolerances and optima. The aim of this study was to determine
whether the apparent reduced thermal tolerance of aquatic polyploids is a result of reduced hypoxia
tolerance. This was assessed by holding diploid and triploid rainbow trout for 1 h above their thermal
optima (separate trials at eight temperatures between 20 and 27 °C) and then rapidly reducing the oxygen
tension (PO2) of the water and determining the PO2 at which they lost equilibrium. Although there was
an overall significant (p < 0.05) reduction in hypoxia tolerance of the triploids, post-hoc analysis showed
that there was no significant effect of ploidy at any specific temperature. Oxygen availability therefore
does not appear to play a major role in determining the thermal tolerance of polyploids.
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Identifying Metabolic Costs of an Immune Response in Zebrafish (Danio rerio)
Le coût métabolique d'une réponse immunitaire chez le poisson zèbre (Danio rerio)
The immune response has been intimately studied in many organisms including fish. The molecular
pathways as well as the proteins synthesized in response to an immune challenge have been identified.
However, the energy demands of upregulating the immune system have not been well studied in fish.
This research aims to better understand the whole organism impacts of immunity on energetics. Adult
zebrafish (Danio rerio) were injected intramuscularly with a solution to invoke their innate immune
responses. The treatments included a saline control, a Freund’s incomplete adjuvant (FA) and saline,
Poly:IC in FA (100µg/g) and Salmonella enterica lipopolysaccharides (LPS) (10µg/g) in FA. The fish
were placed into respirometry chambers at 4, 10, 24 and 34 hours post injection to measure oxygen
consumption. Immediately following the 34-hour measurement the fish were sacrificed and liver,
muscle, and kidney samples were collected for further analysis. It was found that 24 hours post injection
there was an increase in the resting metabolic rate in the group injected with LPS from Salmonella
enterica; a bacterial mimic. This research demonstrates the added negative impact that a pathogen can
have on an organism, as additional energy requirements can inhibit other important physiological
processes, such as growth and reproduction.
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Alternative Lampricide Treatment Approaches Provide Novel Insight into Lake Sturgeon
Physiology
Une approche alternative de traitement lampricide offre des nouvelles informations sur la
physiologie de l’esturgeon jaune
The piscicide TFM is used to control larval sea lamprey in the Great Lakes tributaries. The TFM
sensitivity of larval lamprey and juvenile lake sturgeon overlap, leading to non-target mortality during
early development. We exposed lamprey and juvenile sturgeon (young of the year and 1+ year old) to
lower TFM concentrations for a longer time to determine if this alternative approach was protective.
Lamprey and sturgeon were treated with either the 9h or 24h TFM LC99.9 of the lamprey. Both
treatments killed all lamprey, but sturgeon mortality at the 9h LC99.9 (~ 80%) was markedly reduced
(<15%) following exposure to the 24h LC99.9. Analysis of TFM levels in tissues revealed that the
sturgeon detoxification capacity was overwhelmed at the higher TFM concentrations, but not at lower
doses. Furthermore, sulfation of TFM was a significant TFM detoxification pathway in sturgeon, along
with glucuronidation. Comparisons of the two sturgeon age groups revealed that the higher sensitivity of
the juveniles to TFM was due to developmental differences in liver physiology and detoxification
capacity. We conclude that a “long and low” TFM application regimen may be an effective alternative
lampricide treatment to protect sturgeon from TFM toxicity, without compromising sea lamprey control
efforts.
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A Novel Pathway of Nutrient Absorption in Crustaceans: Branchial Amino Acid Uptake in
the Green Shore Crab (Carcinus maenas)
Une nouvelle voie d’absorption des nutriments chez les crustacés: l’assimilation branchiale des
acides aminés chez le crabe vert (Carcinus maenas)
Estuaries are environments enriched with dissolved nutrients such as amino acids. To date, marine
arthropods are the only invertebrate group that have not been demonstrated to access this potentially
important nutrient resource. Using in vitro gill perfusion techniques, we sought to investigate the ability
of the green shore crab (Carcinus maenas) to take up the amino acid L-leucine directly from the water.
Investigation of the concentration-dependent transport kinetics of radiolabelled L-leucine showed that
there are two specific transport pathways across Carcinus gill, one with high affinity and low capacity
and the other with a high capacity and low affinity. Using putative competitive substrates and reduced
sodium preparations, we were able to identify the putative amino acid transport system associated with
high affinity uptake. To determine the physiological underpinnings of this ability, we observed branchial
transport of L-leucine under a range of salinity treatments (20% -120% SW) and under fed/fasted
conditions. Low salinity conditions reduced branchial transport of L-leucine while feeding increased
branchial transport, with transport rate increased with time post –feeding. This is the first study to
demonstrate the absorption of dissolved organic nutrients across the gill epithelium of a marine
arthropod.
TYLER R. BONNELL*, L. BARRETT AND S.P. HENZI
Dept. of Psychology, University of Lethbridge, Lethbridge, AB. Canada; Applied Behavioural
Ecology and Ecosystems Research Unit, University of South Africa, Florida. South Africa. E-mail:
tyler.bonnell@uleth.ca
Social Influences on Individual Movement and Their Foraging Consequences
L’influence sociale sur les mouvements individuels et les conséquences au niveau du groupe
Individuals living in relatively stable social groups have high potential to develop social biases in
movement. Exactly how variable this bias is among individuals, and the consequence of these biases at a
group level, are still open questions. Here, we use data from baboons to (i) present results about the
heterogeneity in social biases within a group. Then, (ii) we present initial results identifying the
consequences of this heterogeneity for group-level movement. Specifically, we show that the variability
in social bias within our troop suggests a core-periphery influence structure; i.e., a core set of highly
interdependent individuals, with peripheral individuals largely following this core. Moreover, we show
that this core-periphery structure can have group-level foraging consequences, revealing a trade-off
between resource exploration and exploitation with variation in core size. We suggest that the extraction
of individual-level movement biases, and the quantification of within-group heterogeneity, offer insights
into collective movement in natural groups, and makes possible the exploration of both the consequences
of these heterogeneities and their development and interaction with other social processes.
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Initiation, Characterization and Culture of Olfactory Cells from Adult Rainbow Trout
(Oncorhynchus mykiss)
Initiation, caractérisation et culture des cellules olfactives de la truite arc-en-ciel (Oncorhynchus
mykiss) adulte
The olfactory system in fish, as in all other vertebrates, is critical for survival, reproduction and success of
the species. There is currently no available fish in vitro olfactory cell cultures. For mammalian species,
isolated primary cells and immortalized cell lines are available, but no equivalent fish olfactory in vitro
models appear to have been developed. Many fish cell lines have proven to be resilient and relatively easy
to maintain, providing a more cost effective and less demanding model. In this study, we discuss the
initiation, characterization and culture of olfactory cells from adult rainbow trout. The olfactory organ in
fish are paired structures (rosettes) found in the snout anterior to the eyes. It consists of olfactory receptor
neurons (ORNs), epithelial support cells and basal cells. Unlike other neurons, ORNs are constantly
regenerated from progenitor basal cells. Preliminary attempts to obtain trout olfactory cells in vitro have
yielded successful results, with some cultures having been maintained in culture flasks for over a year.
Conditions for isolation, culture, maintenance and preliminary characterization will be presented.
Olfactory cell lines could be used to study the effects of odorants and toxicants in a simplified model with
applications to aquaculture and human models.

CATHERINE A. BRANDT* AND W.G. ANDERSON
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Early Environmental Effects on Yolksac Use, Growth and Swimming Performance in Lake
Sturgeon (Acipenser fulvescens)
Les effets environnementaux précoces sur l'utilisation du sac vitellin, la croissance et la
performance de la nage dans l'esturgeon jaune (Acipenser fulvescens)
In fishes, differences in temperature and egg incubation can have a significant impact on determining
phenotypes during early development. In June of 2017, Lake Sturgeon eggs were incubated in one of five
different rearing treatments that varied by egg incubation (tumbling or adhering to bioballs); water
source (well vs river); and temperature. At 4 weeks post fertilization, individuals from rearing treatments
were transferred to troughs fed by river water at ambient temperature for the remaining nine months of
the study. In December 2017, water temperature was 1.5°C and food was withheld from all treatments
for the following 60 days. Total length, body mass and yolksac size were assessed at least monthly and
swimming performance was assessed at key periods during the first year of life. Larvae reared with
bioballs utilised their yolksacs faster than hatchery reared larvae and fish raised at the highest
temperatures in the first month of life maintained a higher growth rate for the first 8 months of life.
Additionally, early rearing environment had a significant effect on both volitional and fast start
swimming performance. Results demonstrate a significant impact of early rearing environment on
development of growth and swimming phenotypes in age 0 Lake Sturgeon.
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Critical Thermal Maxima of the Bumblebee Bombus impatiens: from Castes to Colonies
Les températures critiques maximales des castes et des colonies de bourdons Bombus impatiens
Temperature influences most physiological functions and upper thermal limits arise when heat
detrimentally alters these fundamental processes. Ectotherms, such as insects, are especially vulnerable
to the impacts of temperature. Critical thermal maxima (CTmax), a method of quantifying maximum
tolerance, demonstrates susceptibility to heat. CTmax values vary with latitude in beetles, altitude in
bumblebees, and nesting strategy in wild-bees. Additionally, these values reflect mean daily maximum
temperatures in mosquito populations, thus appearing to be important in understanding an organism’s
vulnerability to high temperatures within its habitat. With the pressing concern of climate change and
evidence of bumblebee range shrinkages, this study sought the susceptibly of Bombus impatiens. CTmax
measurements were conducted using thermolimit respirometry, where metabolic rate (CO2 output) and
bee activity are recorded over temperature ramping (0.25°C min-1). Intra-colonial variation was tested
using workers, queens and drones. The combined CTmax for B.impatiens is (46.14 ± 0.20)°C (±SE).
Since bumblebees are social insects, it is important to characterize the energetic costs of
thermoregulation at the colony level. The thermal dependence of B.impatiens colonies was described
using whole-colony respiration. Together, this study investigates the ability of B.impatiens to cope with
high temperature both at the individual level and as a colony.

KAYLEN BRZEZINSKI* AND H. A. MACMILLAN
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The Quantification of Cold-Induced Ion Imbalance in the Gut Epithelia of Locusta migratoria
La quantification du déséquilibre ionique induit par le froid dans l’épithélium intestinal de
Locusta migratoria
Chill-susceptible insects, like the migratory locust, often die when exposed to low temperatures from
an accumulation of tissue damage that is unrelated to freezing (chilling injuries). Chilling injury is
consistently associated with ion imbalance across the gut epithelia. It has been recently suggested that
this imbalance is at least partly driven by cold-induced disruption of epithelial barrier function. Here,
we aim to test this hypothesis in the migratory locust. To quantify chill tolerance, locusts were
exposed to -2˚C for various durations, and monitored for chill coma recovery time and survival 24h
post-cold exposure. Longer exposure times significantly increased recovery time, and caused injury
and death. We tested for barrier failure by monitoring movement of an epithelial barrier marker
(FITC-dextran) across the gut epithelia during exposure to -2˚C. There was minimal marker
movement across the epithelia in the cold, suggesting that locust gut barrier function is generally
conserved during chilling. However, this finding may be a consequence of the large, polar, and
uncharged nature of FITC-dextran, and small ions may yet leak in the cold. We therefore took a
different approach, and used a temperature controlled Using chamber to investigate whether chilling
disrupts the electrical resistance of the gut epithelia.
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Role of the Mitochondria in Anoxia Tolerant Painted Turtle Hepatocytes
Rôle de la mitochondrie dans les hépatocytes de tortues peintes tolérantes à l'anoxie
The western painted turtle is an anoxia tolerant vertebrate that provides a useful model to study the
natural cellular mechanisms that are protective during periods of low oxygen stress. We know in anoxic
turtle brain that cerebral cortical pyramidal neurons undergo: an increase in GABA receptor currents, a
decrease in glutamate receptor currents, an increase in whole-cell conductance, a movement of membrane
potential towards the reversal potential for the GABA-A receptor, a depolarization of mitochondria
membrane potential (MMP) and release calcium through opening of a mitochondrial KATP channels
(mKATP). We know little about anoxia-tolerance mechanisms in non-excitable tissues such liver;
therefore, we used electrophysiological and fluorescent imaging techniques to examine membrane
potential, whole-cell conductance, mitochondrial Ca2+ release and MMP in hepatocytes during a
normoxic to anoxic transition. Unlike brain, hepatocyte membrane potential remains constant at -28 mV
and conductance decreases by about 20%. Also, there was no anoxia-mediated increase in cytosolic Ca2+
levels but similar to brain MMP did decrease to a new steady state, and the addition of an uncoupler
further decreased the MMP. An inhibitor of the mKATP channel partially reversed the decrease in MMP
during anoxia and an activator decreased MMP during normoxia.

CLAIRE H. BULLOCK*, L.V. FERGUSON, R.H. EASY AND T.G. SMITH
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Role of the Skin Microbiome in the Attraction of Mosquitoes (Culex territans) to Green Frogs
(Rana clamitans) Infected with Hepatozoon Blood Parasites
Rôle du microbiome cutané dans l’attraction des moustiques (Culex territans) aux grenouilles
vertes (Rana clamitans) atteintes de parasites sanguins Hepatozoon
We previously reported that green frogs heavily infected with Hepatozoon blood parasites are more
attractive to mosquito vectors, Culex territans, than uninfected frogs or those that have a light
infection. We hypothesise that green frogs experience a stress response to infection, which may
affect epidermal antimicrobial peptide production and alter their microbiome. The objective of this
study was to examine changes in the epidermal microbiome as a potential cause for increased
attraction of C. territans to heavily infected frogs. The first strategy involved sampling the
epidermal microbiomes of 38 frogs, either uninfected, lightly infected, or heavily infected with
Hepatozoon species, collected from ponds near Wolfville, NS. Analysis of sequence data from
bacteria in these samples revealed a number of changes among the microbiomes of frogs with
different infection levels. The second strategy involved assessing the relative attraction of C.
territans to bacteria plated from epidermal swabs from uninfected, lightly infected and heavily
infected frogs. Analysis of these data revealed that C. territans prefers the plated bacteria isolated
from the epidermis of heavily infected frogs. These results suggest that Hepatozoon species may
generate a stress response in green frogs, resulting in changes to the epidermal microbiome and
facilitating transmission to mosquitoes.
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Interpopulation Variation in Cold Hardiness in the Eastern Spruce Budworm, Choristoneura
fumiferana
Variation de la tolérance au froid chez différentes populations de la tordeuse des bourgeons de
l’épinette, Choristoneura fumiferana
The eastern spruce budworm is a widely distributed native defoliator of North American boreal forests,
capable of driving carbon and ecosystem dynamics. As a freeze-avoidant species, low temperature stress
is expected to be an important population and range regulator. However, little is known about the role of
local adaptation of cold hardiness at the poleward range edge. The Great Lakes Forestry Centre has
established five wild-caught populations ranging from New Brunswick to Inuvik. To better understand
this, I am comparing measures of cold hardiness across these geographically isolated populations. The
responses to acute cold stress are being quantified by comparing supercooling point (i.e. temperature at
which ice formation occurs), energy stores (glycogen), cryoprotectants (glycerol) and lower lethal
temperature. I hypothesize that the most northern population, Inuvik, will have a different response to
cold stress (e.g. lower supercooling point and lower lethal temperature) than the other populations
studied because it is exposed to more extreme environmental conditions.

IVAN G. CADONIC* AND P.M. CRAIG
Dept. of Biology, University of Waterloo, Waterloo, ON. Canada. E-mail: igcadoni@edu.uwaterloo.ca
Effects of Stress-produced Extracellular Vesicles on Cortisol Production in Rainbow Trout
(Oncorhynchus mykiss)
Effet des vésicules extracellulaires produites par le stress sur la production de cortisol chez la
truite arc-en-ciel (Oncorhynchus mykiss)
The stress axis assists organisms to identify and combat changes in their environment. Teleosts use the
hypothalamic-pituitary-interrenal axis to facilitate cortisol release and communicate the presence of a
stressor between tissues. Another method for signalling between tissues is through extracellular vesicles
(EVs) such as exosomes, which contain mRNA, proteins, and microRNA (miRNA). These packages of
cellular material have been shown to influence expression in recipient cells and are influenced by the
stress axis. To determine the role of EVs in the stress response, adult rainbow trout (Oncorhynchus
mykiss) were subjected to a 3-minute air exposure. One hour later, 1 mL of blood was collected, and
stress produced EVs were extracted through differential centrifugation and filtration, and stored at 80°C. Following 1 week of recovery, fish were terminally anaesthetized and the head kidney of the same
trout (to avoid an immunological response) was exposed to the extracted stress EVs. Cortisol within the
perfusate was measured over the next 30 minutes to determine if EVs can recapitulate a stress response
(i.e. cortisol secretion). This experiment provides evidence on how stress is communicated between cells
and how EVs may potentially assist in regulating the stress response.
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A Tale of Two Fjords: Contrasting Zooplankton Species Composition in Western Brook Pond
and St. Pauls Inlet, Gros Morne National Park
La composition spécifique du zooplancton de l’étang Western Brook et du St. Pauls Inlet, deux
fjords du Parc national du Gros-Morne
Un Conte de Deux Fjords: Composition Contrastée des Espèces de Zooplancton dans Western Brook
Pond et St. Pauls Inlet, Parc National du Gros-Morne. The coastal region of western Newfoundland is
characterized by a number of large fjordal basins renowned for their scenic grandeur. Two of these
basins – Western Brook Pond and St. Pauls Inlet – lie adjacent to each other along the coast and are
part of Gros Morne National Park. The degree of marine connection has a strong influence on
zooplankton species composition of each waterbody. Western Brook Pond has no recent geological
connection to the sea and lies largely below sea-level in a crypto-depression with freshwater inflow
from more than 20 streams. St. Pauls Inlet is a semi-enclosed body of water with a narrow 80 m wide
opening to the sea. There is clear differentiation in species composition – all zooplankton in Western
Brook Pond (mean salinity about 0.02 g/L) are considered freshwater species, while all zooplankton
in St. Pauls Inlet (salinity ranging from 4 at far end to 29 g/L at mouth) are inhabitants either of
marine or brackish water environments. Species diversity was low (species richness of 5) in Western
Brook Pond and included 2 cladocerans and 3 copepods. Species richness of microcrustacean
zooplankton in St. Pauls Inlet was also low with 5 species of copepods and 2 species of cladocerans.
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Tracing Life History Evolution in Talpid Moles with Protein Structural Data: Can
Myoglobin Outperform Morphology?
Retracer l'histoire évolutive de la vie des taupes à l'aide de données sur la structure de protéines:
la myoglobine peut-elle surpasser la morphologie?
Talpid moles are surprisingly diverse in that they exploit terrestrial, fossorial, semi-fossorial,
semiaquatic, and even semi-aquatic/semi-fossorial niches. The evolutionary pathway(s) by which these
lifestyles evolved has intrigued scientists for more than a century though remain unresolved due to a
fragmentary fossil record and morphological convergence. Briefly, some anatomical studies suggest that
fossorial species evolved from a semi-aquatic ancestor, while others propose the opposite or indicate
these lifestyles evolved independently from a terrestrial ancestor. Here we address this question using
myoglobin sequences from 52 eulipotyphlan species (36 moles, 13 shrews, 2 hedgehogs, and 1
solenodon). Maximal muscle myoglobin concentrations exhibit large variations among mammals and
are strongly correlated to the net surface charge (Zmb) of the protein, with semi-aquatic/aquatic (but not
fossorial) species exhibiting marked elevations in both. As such, myoglobin structural data may be
useful in inferring the evolution of life history traits within this lineage. Our evolutionary reconstructions
of ZMb indicate that fossorial and semi-aquatic lifestyles each evolved twice independently in the mole
family (thus rejecting ‘the aquatic mole hypothesis’), and reveal that a semi-aquatic lifestyle evolved
three times in shrews. We show that ZMb is an effective tool to trace ancient evolutionary transitions
based on primary structure data.
MARGARET E. CLAPIN1, M.J. GAUDRY1, M.T.P. GILBERT2 AND K.L. CAMPBELL*1
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Physiological Characterization of Hemoglobin in the Rhinoceros Clade: Did Extinct Woolly
Rhinos Evolve Biochemical Adaptations to the Cold?
Caractéristiques physiologiques de l'hémoglobine du clade rhinocéros: le rhinocéros laineux
avait-il développé des adaptations biochimiques au froid?
While the ancestors of living Rhinocerotidae originated in the subtropical climates of Asia and Africa,
the woolly rhinoceros (Coelodonta antiquitatis) evolved to exploit high-latitude Eurasian environments
during the Pleistocene Ice Ages. As the hemoglobins (Hbs) of other cold-tolerant endotherms exhibit
adaptations to maintain appropriate oxygen delivery under varying thermal regimes, we wished to
examine whether similar convergence is found for the major and minor Hb isoforms of the woolly
rhinoceros. To this end, we employed hybridization capture and next generation sequencing techniques
to target the globin repertoire of the five extant rhinoceros species, three >10,000 year old woolly rhino
specimens, and the Malayan tapir. Comparative sequence analysis revealed the presence of three unique
amino acid substitutions in the woolly rhinoceros adult Hb isoforms relative to those of extant rhinos. To
test for thermal adaptation, we recombinantly expressed and characterized the O2-binding properties of
Hb isoforms from this extinct species, the Sumatran rhinoceros (the sister group to woolly rhinos), the
black rhinoceros (an outgroup species), and the common ancestor of woolly and Sumatran rhinos. Our
results reveal distinct alterations in inherent Hb–O2 affinity and allosteric effector molecule sensitivity
over the rhino radiation that will be presented within an evolutionary framework.
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Protein Metabolism in the Hypoxic Arctic Charr
Le métabolisme des protéines de l’omble chevalier en conditions hypoxiques
Protein metabolism is an important regulator of metabolic homeostasis, and its regulation is necessary for
survival under hypoxic conditions. Fish are often exposed to hypoxia in the wild, and their ability to alter
energy consuming processes such as protein degradation and protein synthesis dictates survival. Arctic
charr were exposed to a stepwise decrease in air saturation (100%, 50%, 30%, and 15%) and were
sampled at each level. While both liver and heart showed an increase in cellular stress markers (AMPK,
unfolded protein response, and HSP70), the two tissues undertook opposite strategies during hypoxia.
Protein synthesis was decreased in liver, however we observed no change in heart. Markers for the three
major protein degradation pathways (ubiquitin-proteasome, autophagy and calpains) showed an increase
in protein degradation in liver but a decrease in heart. Overall, liver behaves similarly to mammalian
cancerous cells. The heart, however, defends protein synthesis during hypoxia while it appears to
decrease protein degradation. Analysing how protein metabolism is regulated in different tissues during
hypoxia could help in understanding mechanisms of hypoxia tolerance.
SETU CHAKRABORTY*, A. HOSSAIN, H. GNANAGOBAL, T. CAO, D. BOYCE AND J.
SANTANDER
Dept. of Ocean Sciences, Memorial University of Newfoundland, St. John’s, NL. Canada; E-mail:
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Infection and Vaccination of Lumpfish (Cyclopterus lumpus) Against Aeromonas
salmonicida
Infection et vaccination de la lompe (Cyclopterus lumpus) contre Aeromonas salmonicida
Lumpfish (Cyclopterus lumpus), a native fish of the North Atlantic Ocean, is utilized as cleaner fish to
control sea-lice infestations. Effective vaccine programs against bacterial pathogens, like A.
salmonicida, have been identified as a high priority area for lumpfish production. In this study, we
followed the A. salmonicida infection in lumpfish to establish a vaccine challenge model. Groups of 120
fish were intraperitoneally (i.p.) injected with different doses of A. salmonicida. Samples of blood, headkidney, spleen, and liver were collected at different time points. A. salmonicida was detected after 5 days
post-infection in the head kidney and later in the rest of the tissues. A. salmonicida killed lumpfish in a
dose-dependent fashion. The lethal dose 50 (LD50) was estimated bellow 102 CFU/ml. Additionally, we
evaluated A. salmonicida purified proteins and an A. salmonicida bacterin as protective antigens. Groups
of 100 fish were i.p. immunized and boost 4 weeks post prime-immunization. Twelve weeks post primeimmunization the fish were i.p. challenged with 10 times the A. salmonicida LD50. Lumpfish
differentially responded to the different antigens, ranging from anaphylactic like-shock to protective
immunity. Our results suggest that vaccine design influences lumpfish immunity and will provide a
guide for future vaccine lumpfish programs.
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Do Differences in Cellular Arenas Lead to Differing Relative Evolutionary Rates in
Mitochondrial DNA within Bivalves?
Les différentes arènes cellulaires affectent-elles le taux d’évolution du génome mitochondrial
chez les bivalves?
Bivalve mitochondrial genomes are unique in that they are inherited in a doubly uniparental inheritance
pattern (DUI), whereby both maternal (Female; F-type) and paternal (Male; M-type) lineages persist.
Despite substantial support for faster rates of molecular evolution for M-type mitochondrial DNA
(mtDNA) compared to F-type mtDNA, an examination of the relative rates of both mtDNA types, with
an additional hermaphroditic type (H-type) across multiple species has not been conducted. Herein, we
tested relative evolutionary rates of F-type versus H-type mtDNA across freshwater mussel taxa in the
context of a “cellular arenas” (CA) hypothesis. According to this hypothesis, mtDNA operating in more
CAs should be under stronger selective constraints than mtDNA operating in fewer CAs. We
hypothesize that M-type mtDNA, and M-type mitochondria, participate in a smaller number of CAs than
either F- or H- types, as M-types operate primarily in sperm. Using a similar logic, F-type mtDNA
operates in fewer CAs than H-type mtDNA, which must operate collectively in sperm, eggs, and somatic
tissues. This study uses various tests of relative rates to explore our hypothesis. Based on the results of
these comparisons, we conclude there is evidence of differential rates of evolution that are consistent
with a CA hypothesis.
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Cardiac Fatty Acid Profiles, ROS Production and Mitochondrial Integrity in Temperature
Tolerance of Salmonids
Le profil d’acide gras, la production d’ERO et l’intégrité mitochondriale et leurs implications dans
la tolérance thermique des salmonidés
Oxidative stress markers have recently been advanced as a valuable tool to assess the health status of
marine organisms. However, the correlation between those markers and fitness related traits has yet to be
established. In this context this study, attempted to correlate oxidative stress markers, ROS production
rates and lipid composition with fitness related traits in fish. Temperature resistance had been chosen to
assess individual fitness. Four groups of salmonids have been used in the present study, Arctic char
(Salvelinus alpinus), brook char (S. fontinalis) and their respective hybrids. We demonstrated that at
temperatures close to the thermal maximum of Arctic char mitochondrial integrity is affected and ROS
production increases significantly. Higher ROS production may induce higher levels of oxidative stress
which might affect mitochondrial efficiency and thus thermal tolerance. Subsequently, we identified a
negative relationship between thermal resistance and peroxidation index. Peroxidation is interpreted as
the susceptibility of biological membranes to suffer damages from increases ROS production. This index
was highest for the least heat tolerant groups and individuals. Finally, we have also been able to establish
preliminary results on the link between fatty acid composition of the fish heart and temperature resistance.
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Spatial and Temporal Scales of Connectivity in Atlantic Cod (Gadus morhua) Recruitment
Signals in Newfoundland
Échelles de connectivité spatiales et temporelles des signaux de recrutement de la morue de
l’Atlantique (Gadus morhua)
The collapse of the Newfoundland Atlantic cod (Gadus morhua) fishery in 1992 motivated studies on
the factors influencing population stability and the ability to forecast future cod abundance. This study
investigates the potential for using coastal seine surveys of juveniles to predict offshore adult Atlantic
cod recruitment at multiple spatial (individual bays to the offshore) and temporal scales, and the factors
influencing recruitment signal strength. Access to several multi-year (22+) datasets on juvenile and adult
cod population components makes this objective feasible for the first time in Newfoundland.
Generalized linear models reveal significant positive relationships between juvenile (age 0 and 1) and
adult (age 3) abundance (p<0.05). However, the strength of these relationships varies with distance from
the individual bays and between fisheries management zones. Additionally, water temperature and
chlorophyll-a levels during early life stages appear to influence predictions of adult abundance. Studies
evaluating year-class strength often overlook the value of coastal juvenile surveys. However, the
potential to forecast adult abundance from juvenile populations could aid in planning for socioeconomic costs of low recruitment years, and enable inference on the response of future populations to
climate change and habitat degradation.
ROBERT P.J. CORMIER* AND N. PICHAUD
Université de Moncton, Dépt. de Chimie et Biochimie, Moncton, NB. Canada.
E-mail: erc3945@umoncton.ca
Fat Flies as a Model to Study Mitochondrial Dysfunctions
Les mouches obèses comme modèle pour l’étude des dysfonctions mitochondriales
Exposure to a high fat diet (HFD) results in nutrient overload that can cause metabolic inflexibility.
Mitochondrial dysfunctions have been shown to play a key role in this inflexibility, but the underlying
mechanisms are still poorly understood. In this study, we investigated mitochondrial functions of
Drosophila melanogaster at days 0, 1, 2, 4, and 10 following exposure to the HFD to shed light on these
mechanisms. Our results showed that pyruvate kinase was first increased at day 1 and greatly decreased
on days 2 and 4 (all P-values<0.001), suggesting impairment of carbohydrate metabolism. Moreover,
mitochondrial respiration linked to complex I (CI) was significantly decreased on day 4 compared to
days 0, 1, and 2 (all P-values<0.001); and further diminished at day 10 compared to all the other days
(P≤0.002). This deficit was however compensated by an increased capacity of the mitochondrial glycerol3-phosphate dehydrogenase (mG3PdH) at day 4 compared to days 0 and 2 (P≤0.010), which was further
augmented at day 10 (all P-values<0.001). We suggest that mG3PDH is a key player in the
mitochondrial response to a HFD and might act as an alternate pathway to counteract metabolic
inflexibility, which has implications for the understanding of metabolic diseases.
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Spontaneous Activity in Neurons of the Goldfish (Carassius auratus) Retina is Protected by
Hypoxia
L’activité spontanée des neurones de la rétine des poissons rouges (Carassius auratus) est
protégée par l’hypoxie
In the mammalian retina, hypoxia rapidly leads to neuronal death and permanent vision loss. In contrast,
goldfish (Carassius auratus) are hypoxia-tolerant, and their vision is not lost after hypoxia. The cellular
mechanisms of this hypoxia resistance are unknown. We investigated whether goldfish retinal neurons
would survive prolonged bouts of hypoxia. We discovered spontaneous activity (SA) in isolated
horizontal cells (HCs) that was characterized by transient changes in intracellular Ca2+ concentration
([Ca2+]i) of short (seconds) and long (minutes) durations. SA was similar in amplitude to Ca2+ responses
evoked by glutamate, and SA was also observed in slice preparations. SA was inhibited by removal of
extracellular Ca2+, and by application of Cd2+, nifedipine or ryanodine. In an in vitro simulation of retinal
ischemia, HCs were deprived of glucose, a manoeuvre that raised baseline [Ca2+]i 2.8-fold (p<0.01) and
abolished SA. When glucose removal was combined with hypoxia, baseline [Ca2+]i and SA were not
affected. We conclude that SA in goldfish HCs is reliant upon extracellular and stored Ca2+,and is
protected from hypoglycemia by hypoxia. These studies suggest a role for hypoxia in neuroprotection in
the goldfish retina.
NICOLE J. DAIGLE*, C.F.D. SACOBIE AND T.J. BENFEY
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Specific Dynamic Action in Juvenile Brook Charr, Salvelinus fontinalis
Action dynamique spécifique chez l'omble de fontaine juvénile, Salvelinus fontinalis
In situations of stress (such as high temperature and exercise), triploid Salmonids perform poorly
compared to their diploid counterparts. To investigate any physiological basis for this, previous
studies have examined apparent digestibility coefficients, standard metabolic rates, and active
metabolic rates of conspecific diploids and triploids in several Salmonid species. The objective of
this study is to focus on the effects of meal size and ploidy on nitrogenous waste (NW) excretion
rates (urea and total ammonia nitrogen; TAN [NH3 + NH4+]) and postprandial metabolic rates
(specific dynamic action; SDA) in juvenile brook charr, Salvelinus fontinalis. SDA will be analyzed
by measuring the oxygen uptake rate of the fish before and after being fed a single meal of varying
size (relative to body weight). NW excretion rates will be analyzed by measuring urea and TAN by
colorimetric assays of water samples taken throughout the trials. Trials will begin 48 hours prefeeding (t = -48h) and continue through to 48 hours post-feeding (t = +48h) to fully analyze the
SDA effect, with fish fed at t = 0h. Finding key physiological differences in triploids could
potentially allow for their husbandry techniques to be adjusted, such as rearing temperatures, meal
size, or feeding frequency.
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Object Recognition Memory Testing in Fish
Tests de mémoire de reconnaissance d'objet chez les poissons
The novel object recognition test is a standard for testing object recognition memory in rodents and
has recently been adapted for use with adult zebrafish (Danio rerio) and the Caribbean damselfish
(Stegastes partitus). Firstly, fish are individually placed in an arena containing two identical objects
(familiarization phase). Next, the fish is removed from the arena and placed in an otherwise
identical, but empty arena (retention or intertrial interval). Finally, the fish is placed back into the
arena that contains one previously seen, ‘familiar object’, and one ‘novel object’ (test trial). If the
fish recalls the object from the familiarization phase it will spend a disproportionate time around the
objects in the test trial, indicative of memory retention. Unlike rodents who spend a larger amount of
time exploring the novel object, both zebrafish and damselfish have been found to spend more time
exploring the familiar object indicating a preference for and recognition of the familiar object.
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The Activity of the Rectal Gland of the North Pacific Spiny Dogfish Squalus suckleyi is
Glucose- Dependent and Stimulated by Glucagon-Like Peptide-1
L'activité de la glande rectale de l'aiguillat commun du Pacifique Nord Squalus suckleyi est
dépendante du glucose et stimulée par le glucagon-like peptide-1
Elasmobranchs possess a specialised organ, the rectal gland, which is responsible for excreting excess
sodium chloride. Previous work indicates that the gland may be activated by various hormones, some of
which are likely related to the salt or volume-loads associated with feeding. Furthermore, evidence exists
for the gland being glucose-dependent which is atypical for an elasmobranch tissue. In this study, the
presence of sodium-glucose cotransporters in the rectal gland and their regulation by feeding were
investigated. Additionally, the hypothesis of glucose-dependent secretion was examined in perfused
rectal glands using glucose transport inhibitors. Finally, the effects on rectal gland activity of insulin,
glucagon and GLP-1 were examined. The results showed that sglt1 mRNA is present in the gland, and
there was a significant reduction in sglt1 transcript abundance 24h post feeding. An almost complete
suppression of chloride secretion was observed when glucose uptake was inhibited, confirming the
organ’s glucose- dependence. Finally, perfusion with dogfish GLP-1 was shown to markedly stimulate
the activity of the gland, increasing chloride secretion rates above baseline by approximately 16-fold. As
GLP-1 is released from the intestine upon feeding, we propose that this may be the primary signal for
activation of the rectal gland post-feeding.
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Chemical Attraction? The Role of Oxylipins in Context-Dependent Parasite-Modified Behaviour
Attraction chimique? Le rôle des oxylipines dans la modification parasitaire du comportement liée
au contexte
Many parasites cause host behavioural changes which increase the likelihood of transmission to the next
host. However, few studies elucidate the mechanisms underlying these changes. We performed a series
of Y-maze experiments to determine if potential second host snails (Helisoma trivolvis) were more
attracted to echinostome trematode-infected first host conspecific and heterospecific (Lymnaea elodes)
snails. In a Y-maze tank a choosing snail (H. trivolvis) was placed in the base and a stimulus snail was
restrained in either arm. Four treatments were digitally filmed (30 replicates x 30 minutes each): T1)
control/no snail, T2) 1 non-parasitized stimulus, T3) 1 parasitized stimulus, T4) 1 parasitized and 1 nonparasitized stimulus. In conspecific trials, there were no significant responses in any of the treatments.
However, there were significant responses to uninfected and infected heterospecific snails. Highperformance liquid chromatography of snail-conditioned water found differences in the types and
amounts of oxylipin signalling molecules between host species and uninfected and infected snails.
Preliminary experiments with only oxylipins as stimuli showed that snails can respond only to chemical
cues. This study demonstrates that parasites alter the behaviour of second intermediate host snails and
suggests that chemical communication mediates this attraction.
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Role of Mitochondrial Protein Acetylation During Torpor
Le rôle de l’acétylation des protéines mitochondriales pendant la torpeur
Torpor is characterized by a dramatic change in metabolism that can modify the acetyl landscape of
cellular proteins. Mitochondrial protein lysine N-e-acetylation has been implicated as a major regulatory
mechanism for modulating protein function. Here, the role of mitochondrial acetylation was investigated
in summer 13-lined ground squirrels and in torpid squirrels during hibernation. Additionally, these
acetylation patterns were compared to metabolically-depressed naked mole rats under hypoxia, as well
as a dysfunctional hyperacetylation model of aging mice. Over 600 proteins were identified using an inhouse mass spectrometry method to directly quantify the stoichiometry of site-specific acetylation of the
mitochondrial proteome, revealing an acetyl stoichiometry from <1% to >99%. Torpor in ground
squirrels was associated with a significantly greater number of high-stoichiometry proteins relative to
their summer counterparts. Similar hyper-acetyl patterns in the aged models reveal permanent
dysfunction to the electron transport chain that is apparently reversible in ground squirrels. Interestingly,
metabolic suppression in naked mole rats was accompanied by a modest change in global acetylation
patterns, although the modified pathways were different between normoxic and hypoxic animals.
Together, these findings suggest and important regulatory role for acyl-modifications during
programmed metabolic depression.
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The Hidden Biodiversity of Sponges (Porifera) the Eastern Canadian Arctic
La biodiversité cryptique des éponges (Porifera) dans l'Arctique et le subarctique de l’Est canadien
Benthic habitats in Canada have been well-sampled as part of the annual groundfish survey. However,
trawl surveys only cover non-rocky sediments and many species collected are not identified to lower
taxa, leaving large gaps in our understanding of benthic biodiversity. Sponges are a prime example.
These ecologically important filter-feeding animals preferentially attach to hard substrates; therefore,
trawls do not sample the most sponge rich habitats. Further, the identification of sponge species requires
extensive comparative taxonomy that cannot be performed in the field. As part of the ArcticNet Hidden
Biodiversity project, sponges were collected using remotely operated vehicle (ROV), box core, and
Agassiz trawl from the CCGS Amundsen. An integrative taxonomic approach was used to develop a new
view of sponge community structure and habitat types in the Eastern Canadian Arctic and Subarctic.
Through these identifications, 61 distinct sponge species have been identified from the Eastern Canadian
Shelf, one of which could potentially be a new species. These findings have been compiled into a guide
of sponges living in the region to be used in future biodiversity studies in Eastern Canada. From limited
sampling, it’s clear that there is a hidden biodiversity of benthic organisms to be discovered in Canada.
SHAWNA L. SEMPLE, I.M. MULDER, T. RODRIGUEZ-RAMOS, M. POWER AND B.
DIXON*
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The Effect of Implanted Telemetry Transmitters on the Immune Function of Rainbow
Trout (Oncorhynchus mykiss)
L'effet des émetteurs de télémétrie implantés sur la fonction immunitaire de la truite arc-en-ciel
(Oncorhynchus mykiss)
Telemetry transmitters are frequently used in studies of wild fish migration and behavior. Although the
effects of surgically implanted transmitters on survival, tag retention, healing and growth have been
studied, there has been little research regarding the potential immune response induced by these
transmitters. In this study, mature rainbow trout received either surgical implantation of an acoustic
transmitter or a sham surgical procedure. These fish were then sampled over a 10-week period so that
pro- inflammatory cytokine expression in the spleen, peritoneal cavity and muscle at the surgical site
could be analyzed. Interestingly, transmitter presence significantly increased the expression of IL-6, IL1β and TNFα in peritoneal immune cells at 10 weeks post-implantation, indicating that tagged fish may
be coping with chronic inflammation. Furthermore, tagged mature male fish had a higher inflammatory
response when compared to their tagged mature female counterparts. Externally, fish appeared to heal at
similar rates regardless of presence or absence of the transmitter, but the tag itself was prone to
encapsulation. This research could aid in the development of improved telemetry tags that are more
innocuous, economical and better able to track natural fish behavior/movement.
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Identification of Protein Biomarkers in Epidermal Mucus of Striped Bass (Morone saxatilis)
as a Consequence of Angling Stress
Identification des biomarqueurs protéiques dans le mucus épidermique du bar rayé (Morone
saxatilis) liés au stress causé par la pêche
Striped Bass (Morone saxatilis) are native to the Atlantic coast of North America and recognized for
their ecological, economic and cultural significance. Anthropogenic effects such as angling can cause
physiological and behavioral changes that can negatively affect the health of Striped Bass populations.
Proteomic techniques were used to isolate, identify and characterize novel proteins in Striped Bass
epidermal mucus and to investigate changes in protein profiles as a result of angling. Our research
explored protein biomarkers and their role in identifying levels of stress in fish in catch-and-release
programs. Data obtained from 1D SDS-PAGE and mass spectrometry revealed putative protein
biomarkers in Striped Bass epidermal mucus and proteolytic activity was characterized using
zymography. Changes in protein profiles were correlated with known stress indicators and previously
identified biomarkers. By identifying biomarkers of stress in epidermal mucus samples we have defined
a novel method for measuring stress in Striped Bass. This data may contribute to a better understanding
of the effects of angling stress in fish. We anticipate that by recognizing the potential negative effects of
catch- and-release on Striped Bass our study may improve conservation decisions and regulations to
maintain healthy fish populations.
TRINA Y. DU* AND H.C.E. LARSSON
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The Influence of Morphological Integration and Modularity on Pectoral Fin Shape and the
Diversification of Acanthomorpha
Les effects de l'intégration morphologique et de la modularité sur la forme de la nageoire
pectorale et la diversification des acanthomorphes
Phenotypic integration and modularity describe the strength and pattern of interdependencies between
traits. Integration and modularity have been proposed to influence the trajectory of evolution, either
acting as constraints or facilitators. Here, we examine the role of integration and modularity on the
evolution of pectoral fin morphology in teleost fishes using geometric morphometrics. We compare the
fin shapes of the highly diverse radiation of acanthomorph fishes to lower teleosts. Integration and
modularity are measured using two- block partial least squares analysis and the covariance ratio
coefficient between the radial bones and lepidotrichia of the pectoral fins. The fins of acanthomorph
fishes are more tightly integrated but also more morphologically diverse and faster evolving compared
to non-acanthomorph fishes. Acanthomorph and non- acanthomorph fishes differ in their patterns of fin
integration, with acanthomorph fishes showing a closer association between the main pattern of shape
covariation and the main axis of variation. These findings support a facilitating role for integration
during the acanthomorph diversification, with higher fin integration potentially contributing to greater
stability during locomotion.
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Comparing Metabolic Rates of Bull Trout (Salvelinus confluentus) & Brook Trout (Salvelinus
fontinalis) using Intermittent Respirometry In-Situ in an Alpine Stream in Banff National
Park, Canada
Comparaison des taux métaboliques de l'omble à tête plate (Salvelinus confluentus) et de l'omble
de fontaine (Salvelinus fontinalis) déterminés par respirométrie intermittente in-situ dans un
ruisseau alpin du Parc national de Banff, Canada
Bull trout (Salvelinus confluentus), a native salmonid in the Canadian Rocky Mountains, are listed as
‘threatened’ by the Committee on the Status of Endangered Wildlife in Canada (COSEWIC) in the
Saskatchewan and Nelson River watershed. They have one of the lowest thermal optima and upper
thermal limits of any North American salmonid and temperature/elevation have been key factors
delineating their distribution. Non-native brook trout (Salvelinus fontinalis) occupy many of the streams
formerly inhabited by bull trout and are implicated in the decline of bull trout. Brook trout may be
physiologically better adapted to warmer stream temperatures providing a competitive advantage at lowelevation sites (i.e. the “elevation-refuge hypothesis”). We hypothesized brook trout may either have
lower minimal metabolic costs or a greater aerobic scope than bull trout, either of which could impart a
physiological advantage to growing fish in regions where both species occur. Using a field-based
intermittent respirometry system we estimated standard and maximal metabolic rates of bull and brook
trout from the same region of the Spray River watershed to test if brook trout had metabolic traits that
may distinguish it from the native bull trout. Preliminary results do not indicate a significant difference
in metabolic rates between species.
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Matching Oxygen Supply and Oxygen Demand: Do Hibernating Rodents Tolerate Cold and
Hypoxia through the Retention of Traits Common to Newborn Mammals?
Apport et demande en oxygène: les rongeurs en hibernation tolèrent-ils le froid et l'hypoxie
grâce à des traits communs aux mammifères nouveaux-nés?
Unlike most mammals, adult hibernators and newborns are exceptionally tolerant of cold and
hypoxia. We hypothesized that this enhanced tolerance reflects the retention of newborn traits in
adult hibernators that are not present in adult non-hibernators. To test this hypothesis, we exposed
newborn and adult hibernators (mice, hamsters, and ground squirrels) and non-hibernators (rat) to
cold (down to 5°C) and hypoxia (down to 7% O2), either alone, or in combination, and measured
their metabolic and ventilatory responses. We found that when exposed to hypoxia, adult
hibernators and non-hibernators alike decreased their O2 consumption rates by 30%, and increased
ventilation by up to 300% of normoxic values. All newborns, on the other hand, reduced their O2
consumption rates by 30-60% while rats increased ventilation by 140%, mice and hamsters
increased ventilation by 75-90%, and ground squirrels increased ventilation by only 30%. When
exposed to both hypoxia and cold, however, adult hibernators exhibited a greater reduction in O2
consumption rates, and a reduced ventilatory response compared to adult non- hibernators,
responses more similar to those of newborns when they were exposed to hypoxia and cold. We
conclude that hibernators do retain newborn responses to hypoxia, but only when also exposed to
cold conditions.
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The Development of the Stress Response and Relationship to Dietary Shifts in Larval Lake
Sturgeon (Acipenser fulvescens)
Développement de la réponse au stress en relation aux changements diététiques chez l'esturgeon
jaune (Acipenser fulvescens)
For an organism to respond appropriately to a stressful event correct development of the hypothalamicpituitary-interrenal (HPI) axis and catecholamine-secreting tissue, chromaffin cells, is required.
However, recent studies in teleost fish including zebrafish, have demonstrated key developmental
windows where cortisol may play key and irreversible roles in organogenesis in addition to the
development of the endocrine stress response. In this study, we examine the onset of cortisol production
and the development of chromaffin cells in Lake Sturgeon, Acipenser fulvescens. Baseline whole body
cortisol levels were measured daily from 0-30 days post fertilization (DPF). Further, post-hatch fish
were sampled daily until 30 DPF for appearance of chromaffin tissue and increased cortisol levels using
a standard chasing protocol. Baseline cortisol predictably decreased following fertilization, sharply
increasing prior to exogenous feeding (p<0.001) and decreasing again once feeding began. 30 minutes
post-stressor, “peak” cortisol measurements did not differ from baseline values significantly until after
exogenous feeding (p<0.001). Fish exposed to metyrapone during a similar developmental period
showed a significant decrease in baseline levels of cortisol and substantial developmental abnormalities.
Data will be discussed in the context of critical early life periods particularly during times of organ
development and dietary shifts.
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Gene Characterisation and Expression Regulation of Atlantic Cod Viperin
Caractérisation du gène Viperin et de la régulation de son expression chez la morue de
l’Atlantique
Viperin is a well-established antiviral effector in vertebrates, but it was not previously known if the
Atlantic cod (Gadus morhua) viperin gene has conserved structure and regulation. This study
characterised Atlantic cod viperin, which was found to be composed of a 1342-bp cDNA sequence
encoding a hypothetical protein with 347 amino acids. As in other vertebrates, Atlantic cod viperin
contains 5 exons. The C-terminal sequence of Viperin, notably the radical SAM domain, was highly
conserved among vertebrate species. Using qPCR, viperin was shown to be a weakly-expressed gene
during early developmental stages of Atlantic cod; the highest constitutive expression of Atlantic cod
viperin transcript was found in the blood compared with 18 other adult tissues. We isolated Atlantic cod
macrophages to determine the effects of various immune inhibitors on pIC (dsRNA viral mimic)
inducibility of viperin. The pIC induction of viperin in Atlantic cod macrophages was significantly
inhibited with 2-Aminopurine, Chloroquine, SB202190 and Ruxolitinib. Hence, pIC recognition by
endosomal Toll-like receptors and interferon-induced protein kinase R may be important components in
the activation of Atlantic cod viperin expression. Our results suggest that the antiviral responses of
Atlantic cod viperin may be dependent upon interferon and p38 mitogen-activated protein kinase
pathways.
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Boreal Chickadee and Cape May Warbler Show Preferences for Structural
Microhabitat Characteristics
La mésange à tête brune et la paruline tigrée montrent des préférences à certaines
caractéristiques structurelles du microhabitat
The decline among North American landbirds has significant economic and ecological impacts.
While legislation provides a framework for conservation, basic data on distributions and
(micro)habitat preferences are lacking for many species. Traditional methods used to obtain this
information are limited by cost, accuracy, and human resources. In this study, we investigated avian
microhabitat preferences using microphone arrays that are capable of localizing vocalizing birds in
three-dimensional space. Our objective was to identify the microhabitat characteristics associated
with two common species in steep decline, the Boreal Chickadee (Poecile hudsonicus) and the Cape
May Warbler (Setophaga tigrina). We deployed 68 eight-channel arrays at random locations in
Labrador, Canada during the 2016 avian breeding season. We returned to 20 array locations during
the 2017 breeding season and characterized the microhabitat at the exact locations where Boreal
Chickadees and Cape May Warblers had been detected in the previous year. We also characterized
the microhabitat at a matching set of randomly determined control locations. We found that Boreal
Chickadees prefer trees with greater diameter-at-breast-height and height, whereas Cape May
Warblers prefer trees with greater canopy cover. We hope these findings will help inform
conservation strategies for these two species in steep decline.
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It’s Not You It’s Me: Ectoparasites Implicate and Complicate Contaminant Impacts on Fish
Ce n'est pas toi, c'est moi: les ectoparasites impliquent et compliquent les impacts des contaminants
sur les poissons
There has been an abundance of excellent work over the past decade or more, on the use and importance
of parasites as bioindicators in aquatic environments and their relationship to heavy metals and other
contaminants. Parasitic infections can act as a portal for enhanced entry and concentration of these
contaminants in fish. In studying wild populations of Atlantic sturgeon and their responses to
ectoparasitism, we have observed complicated immunophysiological interactions with contaminants.
Long-term exposure to one or both can result in polarized white blood cell populations, osmoregulatory
dysfunction and morbidity in extreme cases. The gill in particular, and its importance in acid-base
regulation and ion transport, is the interface between many host-parasite interactions and uptake of these
contaminants. Host cellular death through apoptosis, autophagy-dependent mechanisms and necrosis can
result from these parasitic infections and implicate contaminants as the root cause of the physiological
imbalance. These complex interactions will be discussed using both field and lab-based investigations of
anadromous fish.
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The Effect of Photoperiod Manipulation upon Maturation and Sex Steroids Profiles of Brook
Trout (Salvelinus fontinalis)
L’effet de la manipulation de la photopériode sur la maturation et les profils de stéroïdes sexuels
chez l’omble de fontaine (Salvelinus fontinalis)
Mixed sex fish (age =14 months) were subjected to simulated natural photoperiod (NP), advanced
photoperiod (AP) and continuous photoperiod (CP) to investigate the response of this species
endogenous circannual rhythm of sexual maturation. Light treatments commenced on August 1st, 2011
until May 25, 2012. Maturation was observed in all females and 96% of total males held under NP. Fish
exposed to AP corrected their maturation cycle by advanced phase shift of their endogenous rhythm for
8 weeks. These fish achieved final maturation during March-April and could be manually stripped
instead of natural spawning season of June-July. Plasma profiles of testosterone (T) and estradiol-17β
(E2) were also adjusted according to advancement of photoperiod and were at similar concentration
levels as observed in fish exposed to NP during specific developmental phases. Exposure to AP
inhibited maturation by 6% and 8% in males and females, respectively, however most of the fish
successfully attained maturation. Similarly, treatment of CP for 10 consecutive months failed to inhibit
the onset of maturation in brook trout however did inhibit the final stage of maturation i.e. spermiation
and ovulation.
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The Glucocorticoid Receptor Knockout Enhances Glucose Metabolism in Zebrafish
La neutralisation du récepteur glucocorticoïde renforce le métabolisme du glucose chez le poisson
zèbre
Cortisol is the primary glucocorticoid in fishes, and its actions are mediated through the glucocorticoid
receptor (GR). A key role is increasing glucose availability during stress to restore homeostasis. Cortisol
raises blood glucose levels by stimulating hepatic glucose release and inhibiting peripheral glucose
uptake. This energy redistribution may impact normal growth trajectories. As stress is known to suppress
growth in fish, we tested the hypothesis that GR-mediated reduction in target tissue glucose uptake is the
cause for growth reduction seen with cortisol in fish. While conditional knockouts have been used to
ascertain the role of GR in the liver, ubiquitous knockouts in mammals are lethal and the full impact of
GR signalling is unknown. We used CRISPR/Cas9 mutagenesis to generate a homozygous GR knockout
[GR-/-] zebrafish. The mutants had higher body mass as adults despite significantly less food intake
compared to the wildtype. Glucose uptake in GR-/- muscle was greater compared to wildtype fish, and
this was further supported by higher hexokinase activity. Importantly, GR-/- zebrafish had higher protein
and lipid content suggesting differences in nutrient energy partitioning. Overall, our results indicate for
the first time that stress-mediated cortisol suppression of growth involves improper peripheral glucose
utilization.
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Metabolic Programming for Growth is Dependent on Early Life-Stage Cortisol Signalling:
Evidence from Glucocorticoid Receptor Knockout Zebrafish
La programmation métabolique de la croissance dépend de la signalisation du cortisol au
début de la vie: preuves chez le poisson zèbre avec récepteur glucocorticoïde neutralisé
Activation of glucocorticoid receptor (GR) signalling by excess cortisol during embryogenesis has
been linked to altered growth and behaviour in adult zebrafish, but the mechanisms are far from clear.
We tested the hypothesis that chronic elevation of cortisol during early development leads to growth
reduction, and this involves GR-mediated energy substrate redistribution in zebrafish. To this end,
CRISPR/Cas9 mutagenesis was used to generate homozygous GR knockout zebrafish [zfGR-/-]. The
[zfGR-/-] were hypercortisolemic due to increased activity of the hypothalamic-pituitary-axis. While
chronic cortisol elevation resulted in reduced growth of wildtype fish at 15 dpf, there was no effect on
[zfGR-/-] body mass despite elevated cortisol levels. These results indicate that cortisol-induced growth
reduction is GR-dependent. Whole-body metabolomics further confirmed that the [zfGR-/-] were
experiencing a fundamental shift in energy substrate utilization, favouring fat and protein synthesis.
Transcriptomics analysis of [zfGR-/-] supported enrichment of pathways involved in muscle growth
and development. The early growth phenotype was maintained in the adult [zfGR-/-], as they were
larger, had enhanced target tissue glucose utilization, and greater protein and fat stores. Overall, for the
first time our results indicate that early life GR signalling has a direct role in determining the long-term
metabolic phenotype in zebrafish.
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From Qualitative to Quantitative: A Study of Oocyte Characteristics in Lecithotrophic
Echinoderms
De qualitatif à quantitatif: Étude des caractéristiques ovocytaires chez les échinodermes
lécithotrophes
Egg laying is the predominant reproductive strategy in the animal kingdom, including among
members of Arthropoda, Mollusca, Annelida, Echinodermata and Chordata. Parental investment
varies with reproductive strategies, leading to a remarkable diversity of egg properties. Reliable
techniques to characterize this diversity of egg morphologies are therefore paramount for making
meaningful comparisons among taxa, but also to generate understanding of reproductive trade-offs,
especially in taxa with multiple modes of development such as phylum Echinodermata (e.g. internal
brooding, external brooding, pelagic development). The colour and buoyancy of eggs in echinoderms
and other taxa have largely been defined by qualitative descriptors (e.g. red, positively-buoyant).
However, qualitative descriptors can be difficult to standardize across species, environments and
investigators. The present study explores three quantitative methods for determining the properties of
unfertilized oocytes and eggs: 1) colour (XYZ values), 2) density (in g·cm-3), and 3) parental lipid
investment (total lipid and fatty acid analyses). Colour and density measurements can be adapted for
field-based data collection, making them affordable and accessible for a variety of investigations.
Though lipid analyses cannot be performed in the field, they provide a framework for comparison
among taxa that can explain other features such as egg colour, buoyancy, and size.
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Unexpected Effect of Insulin on Glucose Kinetics Explains Glucose Intolerance in Trout
L’effet inattendu de l'insuline sur la cinétique du glucose explique l'intolérance au glucose de la
truite
Rainbow trout are often considered glucose intolerant because they take ~12 times longer than mammals
to clear an equivalent glucose load. Fast mammalian clearance is mainly achieved by insulin-mediated
inhibition of hepatic glucose production (Ra) and stimulation of glucose disposal (Rd). However, the
effects of insulin on Ra and Rd glucose have never been measured in fish. The glucose fluxes of rainbow
trout were therefore monitored by continuous infusion of 6-[3H] glucose before and during 4 h of insulin
administration. Key proteins of the insulin signalling cascade were also examined, confirming activation
in muscle but not in liver. Circulating glucose concentration decreased from 5.9 to 3.7 mM, and this
response was achieved by inhibiting Ra (-44%) slightly more than Rd (-37%). The decrease in Ra was
expected, but the strong inhibition of Rd was not because mammals respond in the opposite way.
Previous studies have shown that insulin inhibits glycolysis in trout, but stimulates it in mammals, and
this observation may provide the underlying mechanism whereby trout Rd glucose is decreased by the
hormone. We conclude that the unexpected inhibition of trout glucose disposal by insulin explains why
clearing a glucose load takes so much longer than in mammals.
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Testing for Dual Effects of Contaminants and Parasitism: Lessons from WaterbirdHelminth Associations
Tester pour les effets doubles des contaminants et du parasitisme: leçons des associations entre
oiseaux aquatiques et helminthes
Research on the impacts of both contaminants and parasites on health of host individuals has often
been pursued, albeit most often along independent lines of inquiry. There are good reasons for
bringing these independent lines of inquiry together, but such attempts need to recognize that how
contaminant burdens and levels of infection are distributed among hosts; the degree to which
pathways of contaminant burden and infection are shared; and the timescales (ecological and
evolutionary) by which determinants of burden and infection are thought to operate can differ. We
illustrate some of the general problems with demonstrating dual impacts of both contaminant
burden and parasitism on host health using studies of model associations: waterbirds and their
helminthic parasites, in relation to heavy metal burdens (Hg and Pb). We explore sex-biased
burdens and infection, and use stable isotopes and path analysis to illuminate potential mechanisms
by which susceptibility to either contaminant or parasitism manifests itself. Our results have
implications for designing both observational and experimental studies of antagonistic, synergistic,
and additive effects of contaminants and parasitism in biota.
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How Spatial Information Drives the Distribution Dynamics of Large Herbivores
Comment l’information spatiale dirige la dynamique de répartition des grands herbivores
Animals have incomplete information about multiple aspects of their habitat. We summarise 10 years of
research on free-ranging bison to demonstrate how this lack of knowledge impacts social interactions, site
fidelity, resource intake, anti-predatory tactics, and ultimately, animal distribution. Bison cope with
incomplete information notably by displaying site fidelity. We show that bison use memory to reduce
uncertainty in energy intake: they choose profitable meadows they previously visited, and this choice is
stronger after visiting a poor quality meadow. The lack of spatial knowledge can thus reinforce site
fidelity. Social information, however, can impact site fidelity and lead to range expansion. Bison live in a
fission-fusion society characterized by short-lived associations during which group members share spatial
information. During inter-patch movements, bison use group familiarity coupled with their knowledge of
local foraging options and recently sampled resource quality when deciding to follow or leave a group – a
tactic that leads to energy-rewarding movements and landscape exploration. However, not all such
movements are beneficial. We demonstrate that, while collective decisions can effectively increase energy
intake, they simultaneously attract individuals to an ecological trap. Anti-predatory tactics of bison appear
insufficient to avoid human induced mortality, which has contributed to a population decline.
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Neuromuscular Function and Kinematics of the Walking to Swimming Transition in
Polypterus senegalus
Fonction neuromusculaire et cinématique de la transition entre la marche et la nage chez
Polypterus senegalus
Amphibious animals frequently have to perform locomotor behaviours in the face of the disparate
challenges of the terrestrial and aquatic environments. Recent work has revealed that Polypterus
senegalus, a basal, amphibious fish, adopts a “walking” behaviour on land by modulating muscle
activity such that the pectoral fins act as actively stiffened struts over which the body, primarily
powered by body muscle, can vault. This contrasts with its normal swimming behaviour,
characterized by oscillating pectoral fins and passing posteriorly-directed waves down the body.
However, it is unclear how the transition between walking and swimming occurs when the animals
move in a continuous sequence from land into water. We quantified muscle activity patterns and
kinematic behaviour of P. senegalus fins and body as individuals moved down a 12o decline from
land into water. Among our more interesting results was a shift in amplitude and duration of muscle
activity between walking and swimming, with the transition occurring one to two strokes after the
entire body was in the water. Once the transition was complete, muscle burst amplitude and duration
were lower, with the greatest differences found in anterior muscles. This work will provide valuable
insight into neuromechanical control of transitions between locomotor behaviours.
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Developmental Patterning and Variation of the Ocular Skeleton
Patrons de développement et variation du squelette oculaire
The ocular skeleton of vertebrates consists of cartilages and bones within the sclera of the eye; however
the variation in morphology, development and evolutionary history of this skeleton is only partly
understood and can vary dramatically between and within lineages. Amongst Reptilia, the scleral ossicle
component is very diverse in morphology ranging from a series of small, thin plate-like bones to a ring
of robust large bones. The bones and cartilages within the sclera of the eye of Teleostei have been
described however these are significantly reduced in number compared to Reptilia. How this variation
evolved is a key question of evolutionary-developmental biology. By examining the fossil record and
extant vertebrates, hypotheses about the most parsimonious explanation for the evolution of these
structures can be made. Both gains and losses of the ocular skeleton occurred in Teleostei but only major
losses within Reptilia. Understanding the underlying developmental mechanisms can be used to explain
this evolutionary history. Embryological experiments that alter the morphology, pattern or presence of
the ocular skeleton will be described. This approach incorporating both developmental and evolutionary
perspectives enables a deeper understanding of the morphological variation that has intrigued
paleontologists for decades.
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Development of a Relative Telomere Length Assay for Walleye (Sander vitreus) Blood:
Comparison across a Large Lake Ecosystem
Développement d'un test de longueur relative des télomères pour le sang du doré jaune
(Sander vitreus): comparaison à travers un grand écosystème lacustre
Lake Winnipeg has experienced significant alterations due to cumulative effects of eutrophication,
invasive species and commercial fisheries, the magnitude of which can vary across the watershed.
In 2017, as part of a study monitoring wild-caught walleye, non-lethal blood samples were taken
from fish at five distinct locations to examine how molecular indices relate to different regions of
Lake Winnipeg. Here we focus on telomeres, the repetitive (TTAGGG)n sequences that protect
chromosome ends. Short telomere length in blood has been associated with certain environmental
stresses, including toxins. Moreover, shorter telomere length has been associated with faster growth
rate for at least one fish species (Salmo salar). Utilizing a genomic DNA qPCR-based approach we
validated an assay that produces a telomere repeat (T) to single gene (S) copy number ratio (T/S)
as a relative measure of telomere length. We tested two single copy genes and found similar T/S
results irrespective of which single copy gene was used. The T/S ratio did not relate to fish length
or condition factor suggesting no link to age or longer- term nutritional states; however, the T/S
ratio may vary among capture sites implying that relative telomere length may relate to
environmental differences across Lake Winnipeg sampling locations.
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Are Heat Shock Proteins Important for Survival during Cold Stress in Artemia franciscana
Nauplii?
Les protéines de choc thermique sont-elles importantes pour la survie des larves d’A. franciscana
au stress du froid?
Invertebrates exhibit tolerance to a broad range of environmental stressors, including extreme
temperatures. Heat shock proteins (HSPs), produced in all organisms, fold proteins and prevent their
denaturation and aggregation during normal cell growth as well as under physiological stress. The
crustacean, A. franciscana, is a very stress tolerant species that occurs in highly saline environments and
often experiences wide temperature fluctuations. While much is known about the HSP response to anoxia,
desiccation and high salinity at various life stages of A. franciscana, considerably less is known about
how the organism responds to cold stress. In this study, we compared the levels of three HSPs (HSP90,
HSP70, and HSP40) in A. franciscana nauplii in response to cold. HSP levels were compared between
control groups raised at 22°C and treatment groups exposed to 6 hours cold shock (1°C) followed by 6
hours recovery (27°C). Immunoprobing of western blots indicated that the temporal patterns in the
amounts of HSP90 and HSP70 differed between cold stressed and control nauplii and these differences
suggested that HSPs play a role in cold tolerance. Further studies using RNA interference (RNAi) will
determine whether nauplii survive cold stress in the absence of these HSPs.
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Cold Tolerance is Linked to Osmoregulatory Capacity of the Hindgut in the Migratory
Locust (Locusta migratoria)
La tolérance au froid dépend de la capacité osmorégulatrice de l’intestin chez la sauterelle
migratrice (Locusta migratoria)
Loss of ion and water balance at low temperature leads to chill injury and mortality in many terrestrial
insects. The hindgut is critical for maintaining organismal homeostasis as it regulates solute and water
balance of the hemolymph. However, the effect of hypothermia on net water and ion transport across
the hindgut epithelium is largely unknown. We hypothesized that the osmoregulatory capacity of the
hindgut partly determines insect cold tolerance. We used ex vivo everted gut sacs of the cold-intolerant
Locusta migratoria to determine net water and ion flux across the hindgut at 30°C and 10°C. We
observed a strong inhibition of water and ion reabsorption at 10°C that was proportional to the loss of
homeostasis observed in vivo. The loss of osmoregulatory capacity at low temperature was primarily
caused by reduced active transport as severe hypoxia had no additional effect at 10°C while depleted
half of transport at 30°C. Further, we showed that cold-acclimated locusts maintained water and ion
(Na+ and Cl- but not K+) reabsorption at 10°C, moderating hyperkalemia and contributing to the known
preservation of homeostasis in cold-acclimated locusts. These findings support the hypothesis that
transport mechanisms in the hindgut at low temperature are essential for cold tolerance.
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Influence of Sex on Growth of Juvenile Greenland Halibut (Reinhardtius hippoglossoides) in the
Estuary and Gulf of St-Lawrence
Influence du sexe sur la croissance des juvéniles de flétan du Groenland (Reinhardtius
hippoglossoides) dans l’estuaire et le Golfe du St-Laurent
The size at maturity of males and females of Greenland halibut has progressively decreased in the
Estuary and Gulf of St-Lawrence (EGSL) in the last twenty years. As in many other fish species,
decreases in growth rate is observed following sexual maturity. This has direct impacts on the
exploitable biomass of Greenland halibut, the fishery being subjected to a minimum legal size. The
smaller size at maturity in males than in females also reduce the proportion of males that reach this
minimum legal size. Males only represent 20% of the commercial catches. In order to understand the
effects of sex on juvenile growth, juveniles caught in the EGSL were raised in the laboratory for 18
months at 4°C. Growth rate was monitored individually, and the occurrence of sexual maturity was
monitored with the quantification of sexual steroids and histological analysis. The results indicate that
the growth potential of juvenile females is greater than in males. This difference that appears even
before males reach maturity may play a significant role in the imbalance of sex ratio in the commercial
catches.
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Impairment of Functional Activation-Induced Cytidine Deaminase (AID) in the Atlantic
Cod
L’insuffisance de la cytidine désaminase induite par activation (AID) fonctionnelle chez la
morue de l’Atlantique
Several studies have suggested that the antibody response of the Atlantic cod (Gadus morhua) consists
mostly of low affinity antibodies and lacks affinity-matured ones. Since the enzyme activation-induced
cytidine deaminase (AID) is the initiator of secondary antibody diversification in B lymphocytes, we sought
to examine the genetics, expression, and function of cod AID. We identified two AID transcripts, one which
encodes a full-length AID protein and a second truncated isoform missing the first 21 amino acids. Pre- and
post-immunization tissue expression profiling revealed that both transcripts are expressed in immunerelated tissues of adult cod, but not in embryonic and early larval stages. We showed that whilst the
truncated version is inactive, the full-length cod AID exhibits barely detectable activity that is 50-2000-fold
less catalytically robust than AID of human and other bony fish. It also exhibits the coldest temperature
adaptation of any vertebrate DNA/RNA-editing enzyme examined to date, with an optimal activity range
of 4-8 C. Taken together, these findings suggest that the Atlantic cod may represent an important juncture
in evolution of adaptive immunity, wherein the genome mutating enzyme AID has evolved to become
nearly inactive since this species appears to rely less on high affinity antibody responses.
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The Effects of Temperature on Ventilation, Ionoregulation, and Acid-Base Status in
Pacific Hagfish (Eptatretus stoutii)
Les effets de la température sur la ventilation, la régulation ionique et le statut acide-base chez
la myxine du Pacifique (Eptatretus stoutii)
The Pacific hagfish, the most basal extant craniate with one of the lowest metabolic rates (MO2), is
a marine stenohaline osmoconformer though it has the ability to regulate some plasma ions (e.g.Ca,
Mg). In ectotherms, increases in ambient temperature lead to a rise in metabolic demand that must
be compensated with increased MO2. We investigated the potential physiological trade-offs at the
gills, and the blood ion and acid-base status of Pacific hagfish at three different temperatures (7,
12,17ºC). MO2 increased linearly with temperature (Q10 = 3.22), as did ammonia efflux (Jamm, Q10 =
2.31), although total ventilation was the most temperature-sensitive (Q10 = 6.62). Diffusive water
exchange rates (WEXR) were high in hagfish in comparison to marine teleosts and elasmobranchs,
and also increased with temperature (Q10 = 2.36). At 17ºC, plasma Ca and Mg were decreased,
although osmolality increased. Blood acid-base status was maintained, but blood pH did not follow
the relative alkalinity hypothesis. Hyperoxia attenuated the increase in WEXR at 17ºC,but did not
affect Jamm. Additionally, hyperoxia did not affect blood acid-base status in the conventional way.
There seems to be an osmorespiratory interaction at high temperatures, that is in part alleviated by
hyperoxia. (NSERC Discovery).
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An Epigenetic Mechanism for Phenotypic Plasticity in the Annelid Polydora cornuta
Un mécanisme épigénétique pour la plasticité phénotypique chez l'annélide Polydora
cornuta
Parental environment plays a significant role in influencing offspring phenotype through epigenetic
modifications. We tested two hypotheses: that methionine in the parental environment induces
plasticity in offspring phenotype in the polychaete Polydora cornuta, and that methionine alters
DNA methylation in spawning females. Adults were cultured in seawater (controls) or at three
concentrations (10-5, 10-7, 10-9M) of methionine, considered limiting in the diets of marine
detritivores. Control broods had the typical pattern of developmental plasticity and produced three
morphs of offspring in equal proportions (i.e., small larvae, mid-sized larvae, and large juveniles).
Parental exposure to methionine altered larval phenotype with the highest exposure (10-5M)
increasing the production of small larvae, and the lowest exposure (10-9M) producing a range of
larval morphs similar to controls. Differences in maternal methylation were demonstrated through
total genome digestion with methyl-sensitive isoschizomers (HPAII, MspI), generating DNA
smears with gel electrophoresis, and analyzing intensity plots with Image J. Exposure of females to
all three concentrations of methionine significantly reduced DNA methylation relative to the
controls. These results indicate that developmental plasticity in P. cornuta is epigenetic and is
influenced by a potentially limiting nutrient (methionine) in the parental environment.
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Powering a Zombie Heart: Metabolic Fuel Utilization in the Excised Hagfish Heart
During Anoxia Exposure
Énergiser le coeur d’un mort-vivant: l’utilisation de carburant métabolique par le coeur de
myxine excisé en condition anoxique
The hagfish, Eptatretus stoutii, can recover from 36 hours of anoxia and the branchial hearts
maintain function throughout the exposure. Recent work demonstrates that glycogen stores are
utilized in E. stoutii hearts during anoxia exposure but that these are not sufficient to generate the
measured rate of ATP production. One fuel that could supplement glycogen during anoxia exposure
is glycerol as it can be delivered via the blood, or derived from lipid droplets present in hagfish
hearts. Exposure of E. stouti hearts, perfused with metabolite free saline, to anoxia for 12 hours
caused a decrease in maximum pressure generation (max-dP), but did not affect the other functional
parameters measured. However, the addition of glycerol to the perfusate during anoxia exposure
caused an increase in max-dP, the maximal rate of contraction, and the maximal rate of relaxation.
This response was larger than that seen with glucose supplementation. Glycerol supplementation
also caused an increase in heart glycerol under normoxic conditions but had no effect on heart
glycerol under anoxic conditions, suggesting an increase in utilization. The activity of G3PDH,
proposed to be involved in directing glycerol into glycolysis, was also increased in the hearts
during anoxia exposure with glycerol supplementation.
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Social Stress Reduces Neurogenesis in the Telencephalon of Subordinate Male Zebrafish (Danio
rerio)
Le stress social réduit la neurogenèse dans le télencéphale du poisson zèbre (Danio rerio)
subordonné
Many animals, including zebrafish (Danio rerio), form social hierarchies through competition for
limited resources. Socially subordinate fish may experience chronic stress, leading to prolonged
elevation of the glucocorticoid stress hormone cortisol. Elevated cortisol levels can reduce cellular
proliferation and neurogenesis in the brain. Thus, the present study tested the hypothesis that social
stress suppresses cellular proliferation in the forebrain of subordinate zebrafish via a cortisolmediated mechanism. Cellular proliferation was assessed using the incorporation of 5-bromo-2'deoxyuridine (BrdU), a thymidine analogue, as a marker. After 48 and 96 h of social interaction,
subordinate male zebrafish exhibited elevated plasma cortisol concentrations and significantly lower
numbers of BrdU-positive cells in the telencephalon compared to dominant or control fish, suggesting
suppression of cellular proliferation in fish experiencing elevated cortisol levels as a result of chronic
social stress. Treatment of interacting male zebrafish with metyrapone, a cortisol synthesis inhibitor,
attenuated the suppression of cellular proliferation in subordinate fish. Subordinate female zebrafish
did not experience elevation of plasma cortisol or suppression of cellular proliferation in the
telencephalon. Collectively, these data support a role for cortisol in regulating neurogenesis in the
telencephalon of male zebrafish during social interactions.
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Flower Choice by Zombie Ants Infected with Larvae of the Iconic Manipulator, Dicrocoelium
dendriticum
Choix de fleurs par les fourmis zombies infectées par les larves du manipulateur
emblématique, Dicrocoelium dendriticum
When the brains of worker ants (Formica aserva) are infected with larvae of the trematode
Dicrocoelium dendriticum, they leave their nests and affix their mandibles to flowers. When
temperatures rise the following day, they detach and return to their nests. The results of our field
studies involving marked individual ants show that this absurd ‘attach-detach-repeat’ sequence of
behaviours tends to occur on the same flower, often on the same petal. Furthermore, the distribution
of infected ants tends to be highly aggregated upon particular flowers within a few meters of a nest
entrance. We evaluated decision-making within choice chambers in which infected ants were
offered two flowers for attachment. When given a choice of a familiar flower versus a novel flower,
infected ants chose the former. When both flowers were novel, there was no preference for either.
Intriguingly, when ants were offered a choice between a novel flower and a novel flower that had
previously contained an infected sister, there was a strong preference for the latter. These results
indicate that infected ants prefer to attach to familiar versus novel flowers. The results also indicate
that infected ants may communicate their infection status to other infected ants, potentially via
chemical signaling.
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Conflict and Compromise Between Ion Regulation and Respiratory Function in Fishes
Conflit et compromis entre la régulation des ions et la fonction respiratoire chez les poissons
In fish the gills are the site of gas exchange and ion regulation, and the term “osmorespiratory
compromise” refers to the functional clash that exists between these two processes. Movement of gases
and salts across the gill involves diffusion, and gill surface area and water-to-blood distance are common
to both. In FW any increase in surface area or reduction in diffusion distance to promote gas diffusion
will elevate diffusive ion loss. This concept was first articulated in the early seventies, and studies at that
time, using exercise to elevate O2 uptake, confirmed a concomitant rise in ion loss (and water gain). In
1990 Gord McDonald and I revisited the issue and we found, among other things, that the nature of the
conflict varied among species. Much to our surprise our work was followed by a rapid increase in the
number of studies on this topic, and an expansion in the definition to include somewhat different aspects
of conflict between ion regulation and gas exchange. For instance, ionocyte proliferation in ion-poor
waters were shown to interfere with gas exchange. Subsequent studies have looked at effects of SW/FW
acclimation, and gill remodeling, among other things, on gas exchange and ion regulation.
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Do Changes in Essential Fatty Acid Availability Impair Growth in European Juvenile Sea
Bass (Dicentrarchus labrax)?
Les changements de disponibilité en acides gras essentiels peuvent-ils nuire à la croissance de bars
européens juvéniles (Dicentrarchus labrax)?
Growth and biochemical composition of phytoplankton are affected by ocean temperature, which
continues to increase as a result of climate warming. Omega-3 availability, especially eicosapentaenoic
(EPA) and docosahexaenoic (DHA) acids tend to decrease when temperature rises. Carnivorous marine
fish consume smaller fish rich in EPA and DHA derived from phytoplankton via zooplankton. The
biochemical pathways to synthesize de novo those fatty acids are either lost or less efficient in many
marine fish species, making them highly dependent on dietary sources of DHA and EPA. Juvenile
European sea bass were reared under 4 conditions including 2 temperatures (15°C, 20°C) and 2 diets
(EPA+DHA = 1.65% DM or 0.73% DM, the latter value corresponding to the known nutritional
requirement for this species). Diet and temperature had both marked effects on growth. Diet clearly
modified the muscle fatty acid profile and this effect was sometimes modulated by temperature. In fish
raised at 20°C, diet modified organ allometry, with higher heart and viscera masses noticed in fish fed
low omega-3 diet. The results indicate that growth still occurs in those fish fed the restrained omega-3
diet, even at high temperature, indicating that essential fatty acid levels still met their basic requirements.
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Species-specific Glass Sponge Behavioural Responses to Suspended Sediments is seen in
Four Glass Sponges
Les réponses comportementales aux sédiments en suspension spécifiques à l'espèce sont
observées chez quatre espèces d’éponges de verre
Glass sponges form unusual deep-water reefs in Hecate Strait and Queen Charlotte Sound, Canada. In
February 2017, they were established as a Marine Protected Area (MPA). This MPA is buffered by an
adaptive management zone closed to bottom trawl fisheries established on the precautionary principal
that sediments resuspended by trawls may affect sponge feeding. In May 2017, in situ experiments in
Hecate Strait assessed whether increased suspended sediment concentrations (SSCs) cause glass sponge
species to arrest filtration. The data show that not all reef sponge species respond equally to sediment
and threshold SSCs that triggers arrests vary among species. Filtration activity was negatively correlated
with increased SSC (r = -0.84, p < 0.01) in two species whose pumping arrests were triggered at SSC
thresholds of 4 - 10 mg l-1, well below those generated by trawling. Another species did not arrest
filtration in response to elevated SSC. In these experiments, SSCs were 10-fold higher (50 mg l-1) than
natural Hecate Strait SSCs, 2-3 mg l-1, but still below bottom trawling levels (20-550 mg l-1).U
nderstanding the range and extent of responses to disturbance seen in glass sponges will help guide
future management decisions regarding the Hecate Strait MPA.
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Lean Mass Loss in Swainson’s Thrush (Catharus ustulatus) is Driven by Humidity
Rather than Energetic State or Flight Speed
La perte de la masse maigre chez la grive à dos olive (Catharus ustulatus) est attribuable à
l’humidité plutôt qu’à l’état énergétique ou la vitesse de vol
Lipids are the predominant fuel during migratory flight, but proteins also play a major role in flight
metabolism. Previous reports have found that the amount of catabolized lean mass is dependent
upon ambient humidity in flying birds, however it is unknown how lean mass loss in flight varies
with flight speed or compares with resting rates under varying humidity conditions. We
hypothesize that the amount of catabolized lean mass varies with flight speed and humidity, with
rest birds inducing the lowest lean mass loss compared to flight. Swainson’s thrushes (Catharus
ustulatus) were either at rest or flown at 8 ms-1 in a wind tunnel at low or high humidity for up to
12 hours, and lean and fat mass loss was measured using quantitative magnentic resonance. Our
birds were then compared with Swainson’s thrushes flown at 10ms-1 under identical conditions.
Both flight and rest birds catabolized lean mass at the same rate, but flight consumed more fat. As a
result, lean sources provided a greater proportion of the overall energy needs at rest. It appears that
lean mass loss is independent of flight, and is instead dependent upon the humidity conditions
experienced by the animal.
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Spatiotemporal Variability among Biomarkers in a Newfoundland Rhodolith (Lithothamnion
glaciale) Bed community
Variation spatiotemporelle de biomarqueurs au sein d’une communauté rhodolithique
(Lithothamnion glaciale) de Terre-Neuve
Rhodoliths are widespread calcareous, branching algae that typically host a diversity of organisms, such
as echinoderms, bivalves, and polychaetes. To identify nutritional patterns and to determine trophic
linkages, these organisms were collected in rhodolith samples from two sites, chosen for their proximity to
freshwater inputs, before, during, and after the spring phytoplankton bloom. Rhodolith size differed
significantly between sites, but overall biomass was nearly identical. Preliminary results from lipid class,
fatty acid, and stable isotope analyses suggest essential fatty acids (EFAs) and sterols may be important
to health and stability of rhodolith communities. Rhodoliths may be a significant source of cholesterol;
chitons (Tonicella) could pass it trophically to sea stars (Asterias rubens). Overall, organisms maintained
EFAs (EPA, 20:5ω3; DHA, 22:6ω3; and ARA, 20:4ω6) whilst shifting diet in response to seasonal food
availability; plankton consumption increased during the bloom. While EPA and ARA were abundant in
all organisms, DHA was only a major fatty acid in clams (Hiatella arctica). Diets at both sites were
similar with considerable bacterial and terrestrial influences; however, total lipid in sediment underlying
rhodoliths varied. Overall, results suggest trophic relationships in rhodolith bed communities can shift
over short time scales, while being influenced by water-column productivity processes.
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Development and Evolution of a Derived Feeding System in the Gastropod Amphissa columbiana
Développement et évolution d'un système d'alimentation dérivé chez le gastéropode Amphissa
columbiana
A modular organization of development can promote evolvability, which is the capacity of a
developmental system to evolve. The developing foregut of gastropods incorporates dorsal and ventral
modules, which may have facilitated the extensive diversification of post-metamorphic foreguts among
gastropods, despite a life history that begins with a planktotrophic larva. We compared foregut
development in Amphissa columbiana, a predatory neogastropod with a proboscis and highly derived
foregut, to foregut development in Crepidula fornicata, a phytoplankton-feeder with a less derived postmetamorphic foregut. Histological sections revealed that the post-metamorphic buccal cavity and radula
of both species form as a ventral outpocketing (ventral module) from the larval esophagus (dorsal
module). However, in A. columbiana the ventral outpocketing produces not only the buccal cavity and
radula, but also a muscular anterior esophagus, and is semi-isolated from the larval esophagus
throughout development. As a result of the semi-isolation of the ventral module in A. columbiana, it can
achieve advanced differentiation of complexity without interfering with larval feeding. Semi-isolation of
the ventral and dorsal modules of the developing neogastropod foregut may have enabled diverse
developmental variants of the ventral module to arise, without compromising larval survival, so that
these variants can be tested within post-metamorphic environments.
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Response of Intertidal Invertebrates of a Megatidal Estuary to Suspended Sediment
Réponse des invértébrés intertidaux d’un estuaire mégatidal au sédiment suspendu
In coastal ecosystems, suspended sediment is important to invertebrates for food and habitat, but its
availability is strongly influenced by anthropogenic activities that disrupt tidal flow. We investigated the
effects of suspended sediment on the taxonomic and functional diversity of tidal flat invertebrates. Cores
were collected from low-, mid-, and high-intertidal zones in the Minas Basin, Nova Scotia, and exposed
to low (10 – 30 mg/L-1) or high (100-400 mg/L-1) suspended sediment concentrations for up to four
weeks in mesocosms that simulated tidal cycles. Species from the low-intertidal zone were negatively
impacted by low suspended sediment concentrations; for example, key species Clymenella torquata and
Spiophanes bombyx decreased in abundance, as did members of deposit-feeding, herbivorous, and
scavenging functional guilds. Species from mid- and high-intertidal zones, however, were not strongly
affected by suspended sediment, with key species (Chaetozone setosa, Pygospio elegans, and
Streblospio benedicti) and most functional groups maintaining or increasing in abundance at both
sediment levels. Sediment characteristics from all zones were unaffected by treatment. The sensitivity of
the low-intertidal assemblage to a decrease in suspended sediment concentration raises the question of
how it will respond to anthropogenic factors (i.e., tidal turbines) that alter tidal flow.
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The Effect of Anoxia on Mitochondrial Performance in a Hibernator (Ictidomys tridecemlineatus)
L'effet de l'anoxie sur la performance mitochondriale dans un hibernateur (Ictidomys
tridecemlineatus)
Tissues of mammalian hibernators exhibit resistance to models of ischemia-reperfusion, especially in the
liver and brain. Additionally, hibernators such as the thirteen-lined ground squirrel exhibit reversible
mitochondrial metabolic suppression (a hallmark of anoxia-tolerant organisms) during torpor-arousal
cycling. This study aims to determine whether hibernator mitochondria are anoxia-tolerant, thereby
providing a mechanism underlying tissue ischemia-reperfusion tolerance. Liver mitochondria were
isolated from adult ground squirrels (from summer and during the hibernation season; either torpid or
aroused) and rats (a non-hibernator). Using high-resolution respirometry, I compared performance metrics
(state 3 and 4 respiration rates, membrane potential) of mitochondria before and after anoxic exposure of
5 and 30 minutes. In all groups, state 3 decreased by ~30-50% following 5 or 30 minutes of anoxia,
except 30 minutes of anoxia had no effect on state 3 in torpid squirrels. Anoxia increased state 4
respiration by ~250% only in summer squirrels and rats. Membrane potential did not differ significantly
among groups before or after anoxia. These data suggest increased proton leak in summer and rat
mitochondria following anoxia, and greater tolerance to anoxia in winter squirrels, especially in torpor.
We will measure ETS complex activities and antioxidant capacities to better understand the mechanisms
underlying these differences.
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Spatial Variability in the Elemental Composition of Plants: Implications for Herbivores on
the Resource Stoichiometric Landscape
Variabilité spatiale dans la composition elémentaire des plantes: implications pour les herbivores
sur le paysage stoechiométrique des ressources
All living organisms are made of elements such as carbon, nitrogen, and phosphorus, however the
relative abundance of these elements varies considerably across trophic levels. This creates an elemental
mismatch between producers and consumers where resource consumption is driven by organismal
physiology to maintain stoichiometric homeostasis (C:N:P). Therefore, the spatial variability of plant
elemental resources plays an important role in determining how terrestrial herbivores make foraging
decisions on the landscape i.e., trade-offs between predator avoidance and access to areas that vary in
food quality (N:P) and quantity. Using the elemental composition of blueberry (Vaccinium
angustifolium), white birch (Betula papyrifera), red maple (Acer rubrum), and balsam fir (Abies
balsamea), which are commonly browsed by snowshoe hare (Lepus americanus) and moose (Alces
alces), we fit general linear models for each species’ stoichiometry (C:N:P) to three classes of landscape
covariates, (1) abiotic (elevation, aspect, slope), (2) biological (canopy closure, forest height and age),
and (3) land cover (structural; wetland/forest). Our models explained on average 30-50% of the spatial
variation in plant species stoichiometry (C:N:P). These models provide us with spatially-explicit
surfaces of resources from which we can answer novel research questions about how animals use and
select for resources on the stoichiometric landscape.
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Effects of Anthropogenic Light and Noise on the Vocal Behaviour and Spatial Ecology
of Birds
Effets de la lumière et du bruit anthropiques sur le comportement vocal et l'écologie spatiale
des oiseaux
Understanding the effects of anthropogenic disturbance on animals is challenging because multiple
disturbances often co-occur. Observational studies measure the combined effects of multiple
disturbances (e.g., traffic noise, artificial lighting, and habitat alteration), whereas experiments on
captive animals often omit important ecological factors. We tested the effects of light and noise on
the singing and spatial behaviour of wild birds during the 2016 and 2017 avian breeding seasons.
We manipulated the presence and absence of noise and light at 110 locations in relatively
undisturbed boreal forest habitat in Labrador, Canada. Each treatment was surrounded by an 8channel microphone array that recorded and localized avian vocalizations at the site before, during,
and after the manipulations. We examined the independent and combined effects of light and noise
on the onset of song, and on the proximity of singing birds to our point sources of disturbance.
Results show that noise repels birds, but that it does not affect species richness. There was no
evidence that light, or the interaction between light and noise, affects vocal or spatial behaviour.
Our study provides some of the first experimental evidence of the independent effects of light and
noise on the singing and spatial behaviour of wild birds.
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Physiological and Behavioral Responses of Sea Lamprey to Low Frequency Sound
Réponses physiologiques et comportementales de la lamproie marine aux sons de basse fréquence
Sea lamprey (Petromyzon marinus) is a destructive invader of the Laurentian Great Lakes and current
control techniques are focused on using either chemical lampricide to kill larvae in streams or barriers to
block spawning migrations. While these techniques are effective, current management goals call for
improvements to trapping and integrated control and a call for new approaches. We test sound as a
potential avoidance stimulus in adult and juvenile lamprey but currently little is known about their
hearing abilities. We used a combination of physiological and behavioural testing to assess the hearing
ability of lamprey and responses of free-swimming lamprey to sound stimuli. Physiologically, lamprey
respond to tones from 50-200 Hz with equal sensitivity but rarely respond to sounds above 200 Hz.
Behaviourally, lamprey respond to sound from 50-200 Hz, with an increase in swimming and a decrease
in resting behaviours in both juveniles and adults. These results show the potential of sound as an
avoidance cue for lamprey and are the first test of lamprey hearing. Field trials are still needed but these
results show potential for sound as an aversive stimulus to drive lamprey toward traps to increase their
efficacy or away from fishways that pass desirable fishes.
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The Biomechanics of the Viper's Strike: How Rattlesnakes Catch Kangaroo Rats in
Nature
La biomécanique de la frappe de la vipère: comment les crotales capturent les rats kangourous
dans la nature
Predator-prey interactions, given their importance for survival, have played a major role in the
evolution of diversity on earth. Few examples capture the imagination like a rapid strike from a
venomous snake. However, almost nothing is known about strike performance of viperid snakes in
nature. We obtained high-speed three-dimensional video in the field (at night using infrared lights)
of Mohave and sidewinder rattlesnakes attempting to capture desert and Merriam's kangaroo rats.
Snake strikes in nature were extremely fast and variable, and strikes occurred from a range of
distances (4.6 to 20.6 cm). Maximum velocity and acceleration of some rattlesnake strikes fell
within the range of reported laboratory values, but some far exceeded most observations. The
outcome of predator-prey interactions between free-ranging rattlesnakes and kangaroo rats varied
between species and depended on 1) whether the snake struck accurately, 2) the reaction time of the
kangaroo rat, and 3) if the kangaroo rat gets bitten, the speed with which kangaroo rats can dislodge
snakes (i.e., duration of fang contact). We conclude that quantifying rapid predator-prey
interactions in the wild will propel our understanding of animal performance.
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Differential Protein Abundance During the First Month of Regeneration in the Caribbean
Great Star Coral, Monstastraea cavernosa
Différences en abondance protéique au cours du premier mois de régénération du grand corail
étoilé des Caraïbes, Montastraea cavernosa
To explore how corals regenerate, circular lesions (12 mm diameter x 3 mm deep) were created on 30
Montastraea cavernosa colonies (depth 10 – 12 m, coastal waters of Carriacou) during the Fall of 2015.
Lesion regeneration was documented weekly for 35 d. One representative lesion created on each coral
colony was re-sampled at each of 14, 21, and 31 or 33 days following injury. These samples were flash
frozen, and stored for proteomic analysis. Tissues from ten brown, apparently healthy colonies were
selected for proteomic analysis. The initial polyp sample, the Day 14, and the Day 30 or 33 samples
were used to quantify the difference in protein abundance as the lesions healed using tandem mass tags.
Six thousand four hundred nineteen peptides were reliably identified in the samples, which corresponded
to 906 unique proteins. One hundred and eleven proteins were differentially abundant (p<0.05) on at
least one timepoint over the course of the first month of the lesion regeneration process. Twenty-four
proteins associated with regeneration were differentially abundant (p<0.05) on at least one timepoint
during the first month of regeneration and twenty-five additional proteins associated with inflammation
or immunity were differentially abundant.
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Preference Response to Phenylethyl Alcohol Among Previously Exposed Chinook Salmon
(Oncorhynchus tshawytscha)
Préférence à l'alcool phényléthylique chez le saumon quinnat (Oncorhynchus tshawytscha)
préalablement exposé
For Chinook salmon, the sense of olfaction is critical to reproductive fitness. Salmon imprint on the
odours they experience at early life stages, allowing them to return years later to the natal streams they
were hatched in to find suitable nesting sites. This experiment tested whether exposure to an odorant in
the larval stage can influence the behaviour of Chinook salmon when exposed again at the juvenile
stage. Imprinting to phenylethyl alcohol (PEA) has been well documented among salmonids, and was
used in this study. A 2-choice Y-Maze setup was used to test odour preference for PEA among juvenile
Chinook salmon raised with or without this odorant during the larval stage. Among salmon exposed to
PEA, a preference for PEA treated water was found, where salmon raised without this exposure showed
no preference for treated or untreated water. The results show that imprinting during the larval stage was
able to affect behaviour, specifically behavioural preferences, within the juvenile stage. This research
has applications in conservation efforts for declining Chinook salmon populations, as well as in the
management of hatcheries for research and aquaculture.
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Can MicroRNA Secreted from Trout Be Used to Detect Their Response to Stress?
Peut-on utiliser les microARN sécrétés par la truite pour détecter leur réponse au stress?
Measurements of waterborne environmental DNA are currently being employed to identify both
invasive and endangered species in Canadian waterways. However, little research has examined the
potential of environmental RNA within the water as a marker of health of a given population.
MicroRNA (miRNA) are stable, targeted, post-transcriptional regulators of mRNA, and are therefore
useful markers that can be linked to phenotypic responses. Changes in miRNA in tissues and circulation
have previously been measured in fish in response to acute and chronic stress. This study examines the
potential sources of waterborne miRNA from rainbow trout following an acute stressor to demonstrate
the utility of miRNA as an environmental marker of stress. Following a three-minute air exposure, adult
rainbow trout epithelial mucous and gills were collected. Gills were processed by the removal of blood
followed by immersion in saline, in order to collect miRNA that would be released into water. From
these samples, stress-predicted miRNA (let-7a, miR-21, miR-29a, miR-143, miR-146) were quantified
via RT-qPCR. Ultimately, measurement of miRNA isolated from skin mucosa and gills leads to the
potential use of waterborne miRNA as non-invasive biomarkers of stress in fish.
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Effects of Varying Dietary Omega-6 and Omega-3 Fatty Acid Levels and Immune Stimulation
(Viral Mimic versus LPS) on the Transcriptome of Atlantic Salmon Macrophages
Les effets de la variation des niveaux d’acides gras oméga-6 et oméga-3 alimentaires et la
stimulation immunitaire (imitation de virus versus LPS) sur le transcriptome des macrophages du
saumon atlantique
Diet composition and fish health maintenance are important factors in maximizing quality and costeffectiveness in the aquaculture industry. In this study, we isolated head kidney leukocytes from
Atlantic salmon fed two diets for 12 weeks – one higher in omega-6 (ω6) and one higher in ω3 fatty
acids. To investigate the effect of dietary ω6:ω3 on cellular responses to immune stimulation, adherent
macrophages were incubated for 24 h with the viral mimic polyriboinosinic-polyribocytidylic acid
(pIC), lipopolysaccharide (LPS), or phosphate-buffered saline (PBS). A microarray study indicated that
40 transcripts were more highly expressed in high ω3-fed fish, and 76 transcripts were more highly
expressed in high ω6-fed fish, in at least one treatment group [Rank Products (RP) analysis, p<0.05].
Additionally, the study indicated differences in the transcriptomic response to immune stimulation: in
high ω3-fed fish, 690 and 305 transcripts were dysregulated by pIC and LPS stimulation, respectively;
while in high ω6-fed fish 989 (pIC) and 470 (LPS) transcripts were dysregulated [overlapped RP and
significance analysis of microarrays (SAM), p<0.05]. Notable overlap was also observed between LPSand pIC-responsive transcripts, with 130 transcripts dysregulated by both treatments in one or both diet
groups, suggesting potential shared pathways between macrophage antiviral and antibacterial
responses.
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The Effects of Sub-Lethal Concentrations of the Lampricide 3-Trifluormethyl-4-Nitrophenol
(TFM) on Energy Stores and pHi in Threatened Populations of Lake Sturgeon (Acipenser
fulvescens)
Les effets des concentrations sub-létales du lampricide 3-trifluormethyl-4-nitrophenol (TFM) sur
les réserves d'énergie et pHi dans les populations menacées d'esturgeons jaunes (Acipenser
fulvescens)
The lampricide 3-trifluoromethyl-4-nitrophenol (TFM) is used to control invasive sea lamprey
(Petromyzon marinus) populations in the Great Lakes. TFM exerts toxicity in lamprey and rainbow trout
(Oncorhynchus mykiss) by uncoupling oxidative phosphorylation, which impairs ATP production,
resulting in greater reliance on glycolysis and phosphocreatine (PCr) to meet energy demands. However,
little is known about how TFM affects threatened lake sturgeon. Accordingly, juvenile lake sturgeon,
which may be at risk during lampricide treatments, were exposed to sub-lethal concentrations of TFM
for 3-9h. This led to increased variation in ATP, ADP, PCr, glucose and lactate in carcass. However,
glycogen decreased by 50% after 9h with a concomitant 4-fold increase in pyruvate. This increase in
glycolysis was accompanied by an acidosis, characterized by a 0.2 unit decrease in muscle intracellular
pH. In brain, ATP, PCr and glycogen were significantly reduced by 50-60%, and lactate increased
almost 2-fold. In liver, glycogen concentrations were reduced by approximately 50% during TFM
exposure. We conclude that exposure to concentrations of TFM near those commonly used to treat
lamprey-infested streams, can adversely affect internal energy stores and acid-base balance in lake
sturgeon. Future work is needed to ascertain if such exposure has long-term implications for lake
sturgeon populations.
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Do Behavioural Traits Vary Between Divergent North American And European Wild And
Farm Atlantic Salmon (Salmo salar) Populations?
Les traits comportementaux varient-ils entre les populations divergentes de saumon atlantique
(Salmo salar) sauvages et cultivés de l’Amérique du Nord et de l’Europe?
In animals, individuals often display consistent differences in behaviours across situations and contexts
(i.e., animal personality and behavioural syndromes). However, little is known about how such
behavioural traits might vary in a context-dependent manner, with selection favouring correlated
behaviours only in particular types of selective environments. Comparative studies of associations
between behavioural traits among different populations can provide valuable insights into how this
might operate. For example, farm salmon often escapes into the wild and may produce hybrids and feral
offspring that interact with wild conspecifics. The outcomes of this interaction may reflect differences in
the selective environment having affected behavioural traits associations. In Newfoundland there is an
interest in farming European origin (EO) salmon in addition to the current North American (NA) Saint
John River strain. We thus designed an experiment to measure how individual fish from NA and EO
farm populations behaved relative to their wild conspecifics and hybrids in four different contexts
(exploration, exposure to a novel object, boldness under predation risk and aggression). Preliminary
findings indicate that NA and EO farm fish were similarly more explorative, bold, and aggressive than
wild fish and related hybrids. We also found that individual behavioural scores for one behaviour were
correlated with their scores for other behaviours. Exploration, novel object and boldness under predation
risk were positively correlated with aggression among populations. These findings indicate that the
presence of trait differences between farm and wild salmon are likely reflective of selective factors
favouring association of suites of behavioral traits in particular ecological contexts.
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Haemoglobin Adaptations to High Altitude Alter Breathing Pattern in Deer Mice
(Peromyscus maniculatus)
L’adaptation de l’hémoglobine à l’altitude élevée modifie le rythme respiratoire chez la souris
sylvestre (Peromyscus maniculatus)
Hypoxia at high altitudes constrains O2 supply to support activity and thermoregulation. Many highland
taxa have adapted to these challenges through genetically based increases in haemoglobin-O2 affinity,
which is believed to safeguard arterial O2 saturation (SaO2) in hypoxia. Here, we show that allelic
variation in haemoglobin (Hb) function also contributes to changes in breathing pattern in high-altitude
deer mice. We created an F2 inter-crossed population that allowed us to compare mice with highland and
lowland Hb genotypes on an admixed genetic background. The hypoxic ventilatory response was
measured before and after hypoxia acclimation (12 kPa O2 for 6-8 weeks). Hypoxia acclimation led to
the expected increases in total ventilation, SaO2 in hypoxia, and haematocrit. HbA genotype had a
significant influence on breathing pattern, with mice possessing the highland genotype exhibiting deeper
but less frequent breaths across a range of inspired O2. This was not clearly associated with effects of
HbA genotype on SaO2, because differences in breathing persisted when mice breathed hyperoxic air.
These findings suggest that the evolution of Hb genes may have pervasive effects across the O2 transport
cascade, and that Hb may contribute to environmental adaptation via physiological mechanisms that are
not commonly ascribed to this protein.
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Sexual Dimorphism and Habitat Interact to Structure Phenotypic Variation in
Threespine Stickleback (Gasterosteus aculeatus)
Le dimorphisme sexuel et l’habitat interagissent pour structurer la variation phénotypique
chez l’épinoche à trois épines (Gasterosteus aculeatus)
Sexual dimorphism is a well-documented, but often poorly understood contributor to differential
evolvability between sexes of a single species. Threespine stickleback (Gasterosteus aculeatus) are
known to display rapid adaptive responses and sexual dimorphism in several phenotypic traits, ranging
from body size to jaw and brain shape. The presence, magnitude and direction of variation in these traits
are inconsistent both within and across habitats, even where morphological conservation has been
considered the rule. Here we test the hypothesis that microhabitat alters the expression of sexual
dimorphism in functionally correlated traits. We use 3D geometric morphometrics to quantify variation
in shape of cranial and postcranial trait complexes associated with sex in replicate marine and freshwater
habitats from southwestern British Columbia. We show that these traits are sexually dimorphic in all
habitats examined, and further find a significant interaction between sex and habitat, indicating that the
structure of sexually dimorphic variation is modulated by sex effects that are habitat-dependent. We find
major differences in variability of phenotypes between sexes within habitats, as well as in variability of
morphospace occupation among replicate habitats. Our results support the notion that sexual
dimorphism is primarily driven by ecological forces rather than sexual selection.
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Integrating Molecular Indices with Ecosystem-Wide Movement in Walleye in Large
Lake Ecosystems
Intégration des indices moléculaires aux mouvements à l'échelle de l'ecosystème chez le doré
jaune des grands ecosystèmes lacustres
Lake Winnipeg has experienced significant alterations due to the cumulative effects of eutrophication,
the introduction of invasive species and commercial fisheries. Lake Winnipeg, however, also supports
the second largest freshwater fishery in Canada with Walleye being a focal species. In 2017, we began a
multiyear study to monitor the movement of individually tagged wild-caught Walleye from distinct
spawning regions using a comprehensive acoustic receiver array throughout the Lake Winnipeg drainage
basin. A subset of fish were non-lethally sampled for blood, muscle and gill tissue during the tagging
procedure to examine how physiological and transcriptomic indices of health relate to movement
patterns in the system. Gill samples were used to sequence the transcriptome and to compare differences
in gene expression from the fish caught from the distinct capture locations. This is part of an ongoing
investigation integrating movement patterns and physiological indices of an economically important fish
species in Manitoba.
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The Signs of Stress: Mechanisms Underlying Appetite Loss in Subordinate Rainbow
Trout (Oncorhynchus mykiss)
Les signes du stress: mécanismes responsables de la perte d'appétit chez la truite arc-en-ciel
subordonnée (Oncorhynchus mykiss)
Pairs of juvenile rainbow trout, Oncorhynchus mykiss, readily form social hierarchies in which one
fish establishes dominance over the other, subordinate, fish. Social subordination acts as a chronic
stressor, with subordinates exhibiting chronically elevated levels of the glucocorticoid stress
hormone cortisol, as well as behavioural changes including inhibition of feeding. When the
members of a pair are physically separated after social interaction, circulating cortisol levels in the
subordinate fish return to normal within 48 h but inhibition of feeding persists for 4 days or longer.
To address the physiological mechanisms behind these changes in feeding behaviour,
hypothalamus, stomach and liver tissues were sampled from juvenile rainbow trout after fish were
paired and allowed to recover for varying amounts of time. The transcript abundance of peptides
implicated in feeding behaviour was assessed using semi-quantitative RT-PCR. Although transcript
abundances of feeding peptides in the hypothalamus were variable, ghrelin-1 and -2 mRNA relative
abundance in the stomach was elevated in subordinate fish at 24 h of social interaction.
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Interactive Effects of Hypoxia and Starvation on Gastric Processing in the Atlantic Rock
Crab (Cancer irroratus)
Effets interactifs de l’hypoxie et de la famine sur le traitement gastrique chez le crabe commun
Cancer irroratus
In crustaceans the digestion of a meal is associated with a significant increase in oxygen consumption,
while long-term starvation results in a decrease in oxygen consumption. We were interested in how
starvation time and hypoxia interact. Both fasted (3d) and starved (30d) rock crabs were fed a radioopaque meal and then transferred to seawater of 100%, 50% and 20% oxygen saturation. The crabs were
X-rayed at regular intervals to follow the passage of digesta through the gut. In normoxia, both fasted
and starved crabs emptied their entire guts in 12–16h. Exposure to mild hypoxia (50% O2) did not
significantly affect the gut evacuation times of fasted crabs; however, some of the starved crabs halted
digestion for over 12h and regurgitated the meal. Exposure to severe hypoxia (20% O2) resulted in a
doubling of gastric processing times for both fasted and starved crabs, but the fasted crabs were more
efficient at processing the meal. Although there was significant intra-individual variation, fasted crabs
were better able to process the meal in hypoxia compared with starved crabs. This may have been due to
the inability of starved crabs to upregulate their metabolic rate or to transport extra oxygen in their
hemolymph.
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Extracellular Collagen is Regulated by TGF-β1 and MicroRNA-29b in Cultured Rainbow
Trout Cardiac Fibroblasts
Le collagène extracellulaire est régulé par le TGF-β1 et la microRNA-29b dans les
fibroblastes cardiaques en culture de la truite arc-en-ciel
Rainbow trout can maintain normal activity in temperate waters where temperatures range from 4 °C to
21 °C. At low temperatures, trout undergo cardiac hypertrophy as well as collagen deposition, and
conversely remove collagen and exhibit cardiac atrophy with warm acclimation. This remodeling of the
myocardium is thought to enable the maintenance of cardiac function with seasonal changes in
temperature. The ability to reversibly deposit and remove collagen is noteworthy seeing as a similar
degree of collagen deposition in a mammalian heart is pathological and can lead to heart failure. The
molecular mechanisms regulating these responses in the trout heart are not known. Treatment of cultured
rainbow trout cardiac fibroblasts with TGF-β1, a regulator of collagen deposition in mammals, resulted
in a 1.7-fold increase in collagen type I protein after 7 d. Repetitive treatment with TGF-β1 caused
fibroblasts to differentiate into myofibroblasts, a key extracellular matrix (ECM) remodeling cell type.
Furthermore, transfection of fibroblasts with microRNA-29b, a non-coding inhibitor of collagen type I
mRNA translation, resulted in a 68.4% decrease in collagen type I protein. These results demonstrate
that mammalian pathways are conserved in trout and indicate that the rainbow trout heart is a useful
model to study reversible ECM remodeling.
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The Influence of Cellular Stretch on Extracellular Connective Tissue Deposition in Trout
Cardiac Fibroblasts
L’influence de l’étirement cellulaire sur le dépôt de tissu conjonctif extracellulaire dans les
fibroblastes cardiaques de la truite
Rainbow trout undergo cardiac hypertrophy and extracellular collagen deposition in response to cold
(4°C) acclimation. During cold acclimation, whole blood viscosity initially increases, which in turn leads
to increased vascular resistance and ultimately places more workload on the heart. At the cellular level,
myocytes, fibroblasts, and endothelial cells within the myocardium are thought to undergo increased
deformation as a result. In mammals, angiotensin II (AngII) is produced in response to cellular
deformation, leading to the upregulation of transforming growth factor beta 1 (TGF-β1). TGF-β1 induces
collagen deposition in mammalian as well as trout fibroblasts. Thus, it is possible then that increased
deformation of isolated fibroblast cells will lead to increased collagen deposition. Fibroblasts from
rainbow trout ventricles are being subjected to stretch in a FlexCell apparatus and collagen type I protein
is being quantified via Western blot. The results of this study will describe the role that
mechanotransduction plays in connective tissue remodeling in the trout heart during thermal acclimation.
This study will also provide insight into how trout are able to reversibly remodel their extracellular
matrix, while mammals cannot.
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Developing Best Practices to Manage the Ecosystem Effects of Trawling on the Seabed
Développer des meilleures pratiques pour gérer les effets écosystémiques du chalutage sur les
fonds marins
Bottom trawling accounts for almost one quarter of global fish landings but may also have significant
impacts on seabed habitats and benthic ecosystems. This paper will outline recent advances in our
empirical and modelled understanding of the effects of fishing on the seabed in the context of the
footprint of that activity at a global level. The paper will demonstrate how fishing varies considerably in
extent in different geographic areas. The importance of the scale at which fishing footprints are
evaluated is paramount, and aggregation of fishing at large spatial scales leads to over-estimates of the
impact of such activities. The presentation will conclude with a consideration of management measures
and voluntary industry practices are used to meet the objectives for management of seabed habitats and
to reduce these impacts per unit weight or value of landed fish. The measures include changes in gear
design and operation (gear prohibitions, gear modifications, operational changes), spatial controls
(freezing footprint, nearshore restrictions, prohibitions by habitat type, marine protected areas, move-on
rules), impact quotas (habitat or invertebrate bycatch quotas) and effort limitation (with indirect effects
on intensity and distribution of trawling).
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Growth Performance, Tissue Composition, Gene Expression and Fatty Acid Biosynthesis in
Atlantic Salmon (Salmo salar) Fed Plant-Based Diets with Varying Ratios of ω6 to ω3 Fatty
Acids.
Rendement en croissance, composition tissulaire, expression génique et biosynthèse d’acide gras
chez le saumon atlantique (Salmo salar) nourri aux diètes d’origine végétale avec des ratios
d’acide gras ω6-ω3 variables
To date, inclusion of vegetable oils in aquafeeds has had little influence on fish performance. However,
most vegetable oils provide unbalanced ratios of omega-6 to omega-3 (ω6:ω3) fatty acids (FAs).
Although many studies have been conducted on the importance of this ratio for human health, very little
is known about how variation in ω6:ω3 affect FA and eicosanoid synthesis in salmon, and the potential
underlying molecular mechanisms. The current study examined the impact of five plant-based diets (12week exposure) with varying ω6 (soy oil) to ω3 (flaxseed oil) ratios (0.35-2.7) on the growth, lipid tissue
composition and hepatic transcript expression of lipid and eicosanoid synthesis genes in salmon. Growth
performance and organ indices (HSI, VSI) were not affected by dietary ω6:ω3. The liver and muscle FA
composition was highly reflective of the diet (ω6:ω3 of 0.2-0.8 and 0.3-1.9, respectively) and indicated
elongation and desaturation of the ω3 and ω6 precursors. Compound-specific stable isotope analysis
demonstrated significantly higher synthesis of arachidonic acid (20:4ω6) in the liver of the high ω6
compared to the high ω3 fed fish. Furthermore, significant correlations were observed between liver
tissue FAs and the transcript expression of genes related to LC-PUFA synthesis and eicosanoid
metabolism.
MAXWELL P. BUI-MARINOS, J.F.A. VARGA, AND B.A. KATZENBACK*
Dept. of Biology, University of Waterloo, Waterloo, ON. Canada. E-mail:
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Xenopus laevis Skin Epithelial Cells Lines as a Model System to Study Host-Virus Interactions
Utilisation des lignées cellulaires épithéliales de la peau de Xenopus laevis comme système
modèle pour étudier les interactions entre les virus et leurs hôtes
Amphibian skin is an important barrier to pathogens in the external environment. While studies in
mammals have demonstrated the capacity of skin epidermal cells to sense and respond to microbes
in the environment, the ability of amphibian epithelial cells to perform a similar function is largely
unknown, although presumed conserved. To investigate the ability of frog epithelial cells to detect
and respond to viral pathogens, two Xenopus laevis skin epithelial cells lines originating from
dorsal skin (Xela DS2) and ventral skin (Xela VS2) were established and characterized. Both cell
lines exhibited robust pro-inflammatory and anti-viral transcriptional responses in a time-dependent
manner when directly treated with synthetic double stranded RNA (dsRNA; poly I:C), indicating X.
laevis skin epithelial cells are able to sense extracellular dsRNA and participate in the initiation of
key anti-viral responses. Furthermore, both cell lines are permissible to infection with frog virus 3
(FV3), support the replication of FV3 and upregulate pro-inflammatory transcripts in response to
FV3 challenge.
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Repeat Swimming in Shortnose Sturgeon (Acipenser brevirostrum)
La nage à répétition dans l’esturgeon à museau court
Our lab has been studying the swimming performance of juvenile shortnose sturgeon since 1999. We
have investigated the effects of temperature, swim flume size, group size, salinity and substrate on the
critical swimming and endurance performance of these fish. Our results show that shortnose sturgeon
are steady swimmers and, compared with salmonids, generally have low critical swimming (UCrit) and
endurance swimming capacities. The effects of repeat swimming are not well known for sturgeon.
Fatigue-recovery cycles likely occur when fish are traversing fish ways, culverts and other sources of
fast water flow. The current study examined both the critical swimming and endurance swimming
capacities of shortnose sturgeon following 3 consecutive swimming trials. Our initial findings indicate
that: (i) UCrit was consistent among swimming trials; (2) significant individual variation exists in the
endurance swimming trials; and (3) consistent results exist for individuals across swimming trials in the
endurance swimming test. Funding: NSERC
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Social Status Affects Lipid Metabolism in Rainbow Trout, Oncorhynchus mykiss
Le métabolisme des lipides est affecté par le statut social chez la truite arc-en-ciel, Oncorhynchus
mykiss
Juvenile rainbow trout (Oncorhynchus mykiss) confined in pairs form social hierarchies where socially
subordinate fish display characteristic traits, including reduced growth rates and altered glucose
metabolism. These effects are, in part, mediated by chronically elevated cortisol levels and/or reduced
feeding. To determine the effects of social status on lipid metabolism, trout were paired for 4 days,
following which organismal and liver-specific indices of lipid metabolism were measured. At the
organismal level, circulating triglycerides were elevated in dominant trout, whereas subordinate trout
exhibited elevated concentrations of circulating free fatty acids (FFA) and lowered plasma total
cholesterol levels. At the molecular level, increased expression of lipogenic genes in dominant trout and
cpt1a in subordinate trout suggests a contribution of increased de novo lipogenesis to circulating
triglycerides in dominant trout versus reliance on circulating FFA for ß-oxidation in the liver of
subordinates. Given the emerging importance of microRNAs in the regulation of hepatic lipid
metabolism, candidate microRNAs were profiled, revealing increased expression of lipogenic microRNA33 in dominant fish. In general, the changes observed in lipid metabolism of subordinates were not
mimicked by either cortisol treatment or fasting alone, indicating the existence of specific, emergent
effects of subordinate social status itself on this fuel.
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Intestinal Infections in Children and Environmental Infection Risks from Wildlife, Water,
and Soil, in Rural Panama
Infections intestinales enfantiles et les risques d'infection dus à la faune, l'eau et le sol dans
les communautés rurales au Panamá
Many intestinal parasites of humans pose environmental health risks, as they are spread by wildlife and
through contact with contaminated soil and water. These include some of the most common helminth
and protozoan parasites of humans. We surveyed intestinal parasites in children (4-10 years) in rural
areas around the town of El Valle de Anton, Panama. We measured intestinal infections in wildlife
(small mammals) using live traps and nonlethal methods, and analyzed water and soils samples for
environmentally-transmitted protozoan and helminth parasite stages. Infections were found in 10% of
children, including Giardia duodenalis, Entamoeba histolytica, and Ascaris lumbricoides. Age was
negatively correlated with having a parasitic infection (p=0.0368), although no significant associations
with specific species were observed (p>0.05). Wildlife captured were primarily Philander opossum
(gray four-eyed possum) and Didelphis marsupialis (common possum), 82.6% of which had intestinal
helminth or protozoan parasites belonging to 16 species, including known zoonotic species. Amoebas,
parasitic nematode larvae, and Toxocara spp. eggs were found in10% of soil samples. Water samples
were negative for protozoan and helminth parasites. This survey indicates that intestinal infections are of
concern in this region, and infection dynamics may be influenced by infections of wildlife and
contamination of soil.
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The Effect of Salinity and Photoperiod on Behavior of Coho Salmon Reared in Recirculating
Aquaculture Systems
L'effet de la salinité et de la photopériode sur le comportement du saumon coho élevé dans des
systèmes d'aquaculture en recirculation
Coho salmon (Oncorhynchus kisutch) are reared in recirculating aquaculture systems (RAS) where
there is interest in determining the effect of photoperiod and salinity on maximum growth and feed
conversion rates. In this study, Coho salmon were reared continuously from smolts for 6 months in
5 m3 tanks in a RAS. Fish were reared on a photoperiod of either 12 h light:12 h dark, or 24 h light
at salinities of 2.5 or 10 ppt, as well as an additional 24h light, 30 ppt group. To investigate
behavioural effects of these treatments on fish, we quantified locomotion using a motion-tracking
software system in an open-field test, and anxiety-like behaviour using a novel approach and
light/dark test. We found significant differences in anxiety-like behaviours but not locomotion
between some groups. These results suggest that rearing conditions may alter the behavioural state
of these fish which have implications for salmon production in RAS.
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Plasticity in Caribou (Rangifer tarandus) Migration Timing in Response to Changing Plant
Phenology Results in Greater Selection for High Quality Forage
La plasticité de la période de migration des caribous (Rangifer tarandus) en réponse aux
changements phénologiques des plantes résulte en une augmentation du niveau de sélection de la
nourriture de qualité
The ability to cope with change is often variable among individuals, and understanding how individuals
modulate behaviour across contexts is vital to understand population-level responses to environmental
gradients. The phenological mismatch hypothesis posits that climate change decouples consumer
phenology from that of their resources. Despite indirect evidence that mismatch negatively affects fitness
in ungulates, individual-level analyses of plasticity in forage acquisition and migratory behaviour are
lacking. We quantified migration timing and selection for newly emergent forage resources in caribou
(Rangifer tarandus). We quantified migration date and used resource selection functions to calculate
individual-level selection for emergent forage. We used behavioural reaction norms to test how these
behaviours changed as a function of date of green-up at the individual-level to examine personality and
plasticity in migration. Caribou displayed plasticity in migration and responded to earlier springs by
migrating earlier. Migratory plasticity was correlated with selection for newly emergent forage,
suggesting that animals are able to adapt speed and timing of migration to between-year variation in
forage availability, suggesting that plasticity in migration timing may be adaptive. We conclude that
caribou are plastic in their response to changing environmental conditions and may therefore have some
behavioural ability to cope with climate change.
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Receptor Expression, Immunolocalization and Physiological Activity of a Pyrokinin
Neuropeptide in the Yellow Fever Mosquito, Aedes aegypti
Expression de récepteur, immunolocalisation et activité physiologique d'un neuropeptide de
pyrokinin dans le moustique de la fièvre jaune, Aedes aegypti
The mosquito, Aedes aegypti, is a chief vector responsible for transmitting pathogens causing
yellow fever, dengue, Zika virus, and chikungunya. With the rise of these vector-borne illnesses,
advancing our understanding of mosquito biology and related physiological processes is imperative
in order to develop new methods for vector control. Pyrokinin-related peptides, characterized by a
conserved FxPRLamide C- terminal motif, have been shown to exert myotropic effects in some
insects, but their functions remain unclear in blood-feeding arthropods. Herein, we have
functionally deorphanized two A. aegypti pyrokinin-related receptors and examined their differential
expression within the alimentary canal (e.g. hindgut) and reproductive tissues in A. aegypti.
Immunohistochemical mapping in female adult mosquitoes revealed pyrokinin receptor
immunoreactivity within the hindgut, specifically localized to the rectal pads, which are involved in
transepithelial transport. Based on these expression profiles at the transcript and protein level, we
examined prospective physiological roles including myotropic and ion transport modulating actions
by the mosquito pyrokinin-1 neuropeptide. Interestingly, no myotropic or myoinhibitory activity
was observed on hindgut upon treatment with pyrokinin neuropeptide. Ongoing studies are
examining the effects of pyrokinin-1 peptide on ionomodulatory processes over the mosquito
alimentary canal, including the hindgut.
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The Effect of Temperature on the Aerobic Scope of Triploid Brook Charr (Salvelinus
fontinalis)
L’effet de la température sur la portée aérobie de l’omble de fontaine (Salvelinus fontinalis)
triploïde
Triploidy occurs rarely in fish in nature, but can be induced and is an effective method of creating
sterile populations for aquaculture and fisheries management. Despite this, triploidy has not been
accepted on a larger scale. One reason is the reported mortality at higher temperatures relative to
diploids, suggesting a reduced tolerance to stress indicating a decreased aerobic scope, which is the
difference between maximum metabolic rate (MMR) and routine metabolic rate (RMR). Aerobic
scope is also a measure of the energy available to maintain homeostasis. A decrease in aerobic scope
means less energy is available for situations of increased energy demand, such as stress or illness,
and could be an explanation for reduced thermal tolerance. The objective of this research is to
examine the effects of temperature on the aerobic scope of triploid brook charr (Salvelinus
fontinalis) by determining their RMR and MMR, compared to diploids, between 9 and 18C. RMR
was derived from repeated measurement of oxygen consumption rate overnight, and MMR by
measuring the oxygen consumption rate during and after a standard critical swimming speed
protocol. These findings could illuminate physiological differences between diploids and triploids
and potentially indicate areas to improve rearing techniques for the latter.
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Is there Evidence of Oxidative Damage with Anoxia-Recovery in Brain of Crucian Carp
Carassius carassius?
Est-ce qu’il y a des signes de dommages oxydatifs suite à la récupération d'anoxie dans les
cerveaux de carassin Carassius carassius?
Reactive oxygen species (ROS) are inevitable byproducts of aerobic metabolism, generated when
electrons reduce oxygen to form free radicals. At low levels, ROS has roles in cell signaling and are
mostly scavenged by antioxidant mechanisms within the cell. ROS accumulated at high levels can
overwhelm antioxidant defenses and lead to oxidative damage to tissues. Indeed, the reoxygenation
phase after oxygen limitation can cause significant tissue damage as the surge in oxygen levels
stimulates ROS generation. Crucian carp (Carassius carassius) are champions of anoxia-tolerance,
primarily due to key strategies such as having high liver glycogen stores and generating alternative
glycolytic end-product ethanol. Different from the similarly anoxia-tolerant turtle, crucian carp are able
to maintain brain function through anoxic bouts, albeit at a lower activity level. Recent evidence
suggests that post-anoxia recovery to normoxia in the crucian carp brain was associated with an increase
in markers of cell death and cell proliferation, suggesting that pathways of tissue remodeling were
upregulated (Lefevre et al. 2017). Given the role of ROS in cell signaling, the goal of this present study
is to characterize the role of ROS in the process of brain recovery from anoxia and whether oxidative
damage is avoided in the anoxia- tolerant crucian carp.
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Aquatic Insects of Hypopagea
Insectes aquatiques trouvés sous la glace (“hypopagiques”)
With few exceptions, such as benthic insects in streams, few insects are known to remain active in
winter. However, the water under winter pond ice (the hypopagic environment) has not been
investigated for winter-active insects. An Ice Hole Trap was designed to catch both free-swimming
insects and those crawling on the undersurface of the ice in standing water. Intensive trapping in eleven
ponds during the winters of 2015 and 2017, with opportunistic trapping in the winters of 2013-14 and
2016 in Antigonish County, NS, revealed adult beetles (Dytiscidae, Gyrinidae, Haliplidae and
Hydrophilidae), adult bugs (Belostomatidae, Notonectidae, Corixidae, Nepidae) and immature
caddisflies (Limniphilidae) and mayflies (Baetidae, Leptophlebidae) active under winter ice. These
results suggest that many more species are winter-active than previously thought, opening the way for
new contributions by physiologists and ecologists.
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The Evolution of Salinity Tolerance in Killifish (Fundulus spp.)
L'évolution de la tolérance à la salinité chez le choquemort (Fundulus spp.)
Water salinity has a strong influence on fish geographic distributions, but relatively little is known
about the mechanisms leading to differences in salinity tolerance among species. Killifish
(Fundulus spp.) have been used as model species for studying salinity acclimation, and are also
useful models for studying the evolution of tolerance. In this study we will compare the molecular
and physiological mechanisms associated with reduced seawater and increased freshwater tolerance
in Banded Killifish (Fundulus diaphanous) compared to the Common Killifish (Fundulus
heteroclitus), and study how the clonal F1 hybrids that naturally form between F. diaphanus and F.
heteroclitus cope with changes in salinity. Killifish were collected from Porter’s Lake, NS and
acclimated for 1 month to 10ppt, then transferred to a freshwater treatment (0ppt), saltwater
treatment (32ppt) or control treatment (10ppt) for 2 weeks. We found that all fish were able to
survive in all salinities. We have measured plasma ion content and muscle water content as
indicators of osmoregulatory ability. In the future, transcriptional changes in ionoregulatory tissues
(e.g. gill, operculum) will be compared. Overall, approaches from evolutionary biology and
comparative physiology will be used to provide insight into the mechanisms fish use to adapt to
environmental change.
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Some Like it Cold: The Functional Role of Heat Shock Proteins in Cold Tolerance and Diapause
of the Colorado Potato Beetle
Certains l’aiment froid: le rôle fonctionnel des protéines de choc thermique dans la tolérance au
froid et la diapause du doryphore de la pomme de terre
Temperate insects spend over half their lives overwintering. During this time, most insects enter
diapause; a pre-programmed state of developmental arrest which is characterized by enhanced tolerance
to winter stressors, especially to sub-zero temperatures. Insects often upregulate heat shock proteins
(HSPs) throughout diapause, and HSP expression has been tightly linked to increased insect survival
after low temperature exposure. However, little is known about the function of HSPs in diapausing
insects, and whether they play a role in driving diapause phenotypes independent of their role in
protecting cells from damage likely accrued by sub-zero temperatures. The Colorado potato beetle
(Leptinotarsa decemlineata) overwinters in diapause, and becomes cold-tolerant after exposure to a
fluctuating thermal regime. Beetles differentially upregulate two transcripts of HSP70 during winter;
HSP70a is upregulated in diapausing individuals, whereas HSP70b is upregulated in cold-tolerant
individuals. In this study, we investigate the role HSPs play during diapause and cold tolerance of the
Colorado potato beetle. Using RNA interference, we will knock down the expression of both HSP70
transcripts in beetles, and measure how knockdown affects 1) entry into diapause, 2) accumulation of
cellular damage during diapause and after sub-zero temperature exposure, and 3) the ability of
diapausing beetles to become cold-tolerant.
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The Metabolic Physiology and Environmental Tolerances of Sablefish (Anoplopoma fimbria)
La physiologie métabolique et les tolérances environnementale de la morue charbonnière
(Anoplopoma fimbria)
The sablefish is an interesting model for studying the environmental physiology of marine fishes, as its
larvae and juveniles are pelagic and live in-shore, respectively, but adults live at depth (up to 1,500 m)
and in areas that are often severely hypoxic. We used intermittent-flow respirometry to characterize the
metabolic response and tolerance of 10 °C-acclimated sablefish (~10 g juveniles and ~666 g adults) and
Atlantic salmon (~1132 g adults, used as a comparative species) to acute incremental decreases in
oxygen (10% air saturation/h) and increases in temperature (2 °C/h). Sablefish juveniles were both less
hypoxia and thermally tolerant than adults (e.g., Pcrit ~18.9 vs. ~15.5% air saturation; hypoxic LOE ~8.7
vs. ~5.4% air saturation; CTmax ~22.6 vs. ~24.9 °C). While it was not surprising that adult sablefish were
more hypoxia tolerant than salmon (e.g., hypoxic LOE ~24.2% air saturation) given their life history, the
CTmax of adult sablefish was only ~1.3 °C lower (CTmax for salmon ~26.2 °C). Interestingly, differences
in metabolic parameters do not explain many of the contrasting values for environmental tolerances
between the two life stages and species, and this raises questions about what determines the
environmental tolerances of sablefish.
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Adjustments in Control of Mitochondrial Respiratory Capacity while Facing Temperature
Fluctuations
Ajustements du contrôle de la capacité respiratoire mitochondriale suite à des changements
thermiques
The world climate is changing and life is facing an evolving thermal environment. Mitochondrial
oxidative phosphorylation (OXPHOS) is critical to ensure sufficient cellular energy production, and
is strongly influenced by temperature. The thermally-induced variation of regulation by specific
steps and pathways within the OXPHOS process is however still not well understood. In our study,
the planarian Dugesia tigrina was used to study OXPHOS thermal sensitivity and the adjustment of
specific steps following thermal acclimation. At low temperature, the maximal OXPHOS capacity
relied more on the succinate pathway, rather than the NADH pathway or the fatty acid β-oxidation
(FAO). The limitation of OXPHOS by the phosphorylation system was increased at low
temperature. Complex IV excess capacity was modest between 15 and 30°C (3 to 10% over the
maximal OXPHOS capacity), but increased with a decrease in temperature (23% at 10°C). Four
weeks of acclimation at 5°C (compared to 22°C), resulted in minor adjustments of NADH and
succinate pathways, increased in Complex IV relative capacity, and modification in FAO. Our study
point toward important regulating steps when the OXPHOS process is facing a changing thermal
environment.
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Dopaminergic Modulation of Chemosensory Signaling in the Rat Carotid Body: Role of the
Glial- like Type II Cells
Modulation dopaminergique de la signalisation chimiosensorielle dans le corps carotide du rat:
rôle des cellules gliales de type II
Mammalian carotid bodies are the main peripheral arterial O2 and CO2/H+ chemoreceptors. The carotid
body consists of type I chemoreceptor cells and type II glial cells which neighbor afferent nerve
terminals and together comprise a “tripartite synapse.” Purinergic signaling pathways at this tripartite
synapse shape the afferent sensory discharge which projects to the brainstem, ultimately regulating
ventilation and the cardiovascular system. Using ratiometric calcium imaging, we investigated the
potential of dopamine (DA), a monoamine synthesized by type I cells, to modulate intercellular
communication between type I cells, type II cells, and the afferent nerve terminal. DA attenuated
purinergic P2Y2R-mediated intracellular Ca2+ signaling in 75-100% of type II cells. This inhibitory
action of DA was prevented by the D2 receptor blocker, sulpiride. Sulpiride also potentiated the
intracellular Ca2+ responses in both type II cells and the afferent nerve terminals during stimulation of
type I cells by hypoxia or hypercapnia. Our results add to the growing body of evidence that type II cells
contribute to the integrated sensory response of the carotid body. We hypothesize that paracrine DA
inhibitory pathways may regulate carotid body excitation, in part by modulating purinergic signaling.
Supported by NSERC and CIHR.
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Morphological and Molecular Observations on Two Cases of Klossiella equi Baumann 1946
Infecting the Kidneys of Ontario Horses Confirm Placement of the Genus Klossiella in the
Adeleorinid Coccidia (Apicomplexa)
Observations morphologiques et moléculaires sur deux cas de Klossiella equi Baumann 1946
infectant les reins de chevaux de l’Ontario confirment le placement du genre Klossiella dans les
coccidies adeleorinids (Apicomplexa)
Klossiella species are unique among the Adeleorina as monoxenous parasites of mammals unlike
other Adeleorina that utilize invertebrate definitive hosts. Adeleorina undergo syzygy (micro- and
macrogamonts associate before maturation and syngamy). Phylogenetic placement of Klossiella has
been questioned based on its unique host affinity. Two cases of Klossiella equi are reported from
kidneys of Ontario horses examined post mortem. Stages of the life history were documented in
histological preparations of infected kidneys. Multiple K. equi stages were identified including
meronts, micro- and macrogamonts associating in syzygy as well as thin walled oocysts in various
stages of sporogonic development. PCR and Sanger sequencing were used to generate a complete
mitochondrial genome (6,569 bp) and partial 18S rDNA sequences (1,443 bp). The 18S rDNA
sequence was aligned with publicly available apicomplexan sequences to generate a Bayesian
Inference phylogenetic tree. Klossiella equi was found within the monophyletic Adeleorina clade.
The mitochondrial genome of K. equi contained 3 coding sequences for mtCOI, mtCOIII and
mtCytB with numerous fragmented ribosomal DNAs arranged in an order unique in the
Apicomplexa. Life history supplemented with mitochondrial and nuclear 18s rDNA sequences
provided both morphological and molecular evidence supporting phylogenetic placement of
Klossiella within the Adeleorina (Apicomplexa).
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An ‘omics’ Approach to Improve Diagnosis and Treatment of the Lancet Liver Fluke
Approche ‘omique’ pour améliorer le diagnostic et le traitement de la petite douve du foie
Dicrocoelium dendriticum is an invasive parasite of primary veterinary importance. It infects cattle,
goats, and sheep, leading to massive production losses in industries. Previously, the distribution of the
parasite was thought to be contained to Western Europe, but has now spread worldwide. To improve
diagnostic detection methods and study host-parasite interaction, we are investigating the
transcriptome and the secretome of D. dendriticum. In the absence of a robust genome assembly for
D. dendriticum, we are using RNA-seq data to create reliable gene models. The gene models are
subsequently used for the analysis of D. dendriticum secretome data, with the focus on antigens and
immunity-modulating proteins. First, creating a reference antigen catalogue for D. dendriticum would
allow the development of novel antibody-based detection methods. This will unlock more reliable
tools for the epidemiology study of D. dendriticum and other parasitic trematodes, which is urgently
needed. Second, the investigation of immunomodulation will help us to understand the mechanisms
of host-parasite interaction. This will bring better understanding of establishment and maintenance of
the infection, advancing prevention strategies and novel drug targets. Hence, this work will shed new
light on an important veterinary parasite, D. dendriticum, and pave the road for further genomic
research.
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Regional Differences in Ion Regulation of Prickly Sculpin (Cottus asper)
Les différences régionales dans la régulation des ions chez le chabot piquant
Prickly sculpin (Cottus asper) are broadly distributed across freshwater lakes and rivers in British
Columbia (BC). They have a marine origin and colonization of diverse freshwater systems has led
to the evolution of two distinct morphs. It is not known however, whether there are populationspecific differences in ion regulation. In this study, three populations of prickly sculpin from each of
the three habitat types (coastal rivers, coastal lakes and inland lakes) were collected and acclimated
to four water conditions: ion-poor water, artificial lake-like water, 20ppt brackish water and 30ppt
seawater. Ion regulatory characteristics were studied after two-week exposure to these conditions.
We detected population specific differences in Na/K ATPase (NKA) activity in prickly sculpins
acclimated to artificial lake-like waters. In response to exposure to ion-poor water, prickly sculpins
from inland lakes increased NKA, while those from coastal lakes and rivers did not. Similar results
were observed in response to seawater exposure.
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Environmental Influences on the Kinetics of Waterborne Strontium Uptake in Larval
Lake Sturgeon (Acipenser fulvescens)
Influences environnementales sur la cinétique des taux d’absorption du strontium hydrique
chez les larves d’esturgeon jaune (Acipenser fulvescens)
Homeostatic regulation of elements is crucial to ensure survival of living organisms. Consequently,
transport mechanisms specific to essential elements such as calcium (Ca) exist to selectively uptake
ions from aqueous environments into aquatic organisms via transcellular and paracellular routes.
Conversely, non-essential elements such as strontium (Sr) are inadvertently incorporated via Ca
transport proteins due to their similar chemical properties and their presence in hard structures have
been used to infer life history traits in fishes. To examine the influence temperature and ambient Ca
concentration have on uptake rates of waterborne Sr in larval Lake Sturgeon we acclimated larvae
(30 dpf) to three temperatures (12, 15, 18°C) and five Ca concentrations (0.1-10.0 mmolL-1).
Individual larvae were then placed in flux chambers filled with varying acute concentrations of Ca
and exposed to 2 kBq of 85Sr for eight hours. Whole body Sr influx significantly increased at higher
temperatures and decreased when larvae were acutely exposed to higher concentrations of Ca
indicating competing transport mechanisms for these two ions. Understanding how the environment
influences the underlying physiological mechanisms involved in elemental uptake will strengthen
life history inferences that can be made in wild fishes using trace element incorporation in hard
structures.
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Interactions in the Endocrine Control of Food Intake and Reproduction in Zebrafish (Danio
rerio)
Intéractions dans le contrôle endocrinien de la prise alimentaire et de la reproduction chez
le poisson zèbre (Danio rerio)
Reproduction and feeding are two essential life processes in all vertebrates, the regulations of which
involve a complex network of interactions. These interactions have been well characterized in mammals
but remain poorly understood in fish. To better understand this relationship, we examined the effects of
nutritional status, gender, reproductive stage on the brain expression of reproductive hormones (GnRH,
kisspeptin, GnIH, and neurokinin B – NKB) and appetite regulators (orexin and NPY) in zebrafish
(Danio rerio). In order to compare strains, both wild and Casper zebrafish were used. In wild type
zebrafish, fasting increased brain mRNA levels of GnIH, GnRH, NKB, and kisspeptin. Differences in
the expression of reproductive hormones were seen between males and females, and between
reproductive stages in females, suggesting gender- and reproductive stage-specific effects of nutritional
status on reproduction. Gender and reproductive stage did not affect the expression of appetite
regulators, with fasting-induced increases in NPY and orexin in all fish. Major differences were seen
between wild and Casper zebrafish, suggesting the existence of strain-specific mechanisms. Our results
suggest the existence of a link between nutritional status and reproduction in zebrafish, and indicate
reproductive stage-, strain-, and gender-specific differences in the regulation of feeding and reproduction
in zebrafish.
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Locomotion of Polypterus in Environments across the Terrestrial-Aquatic Transition
Locomotion de polypterus lors de la transition entre les milieux aquatiques et terrestres
Amphibious fish must deal with the challenge of locomotion in two disparate environments. These fish
have evolved a variety of locomotor strategies to move on land including various walking, jumping and
climbing gaits. While there are several studies that investigate the locomotor modes of amphibious fish
in fully terrestrial or fully aquatic environments, there is only one previous study that investigates the
locomotion of amphibious fish during the aquatic-terrestrial transition. This transition is important in an
evolutionary context, as early amphibians would have needed to move effectively both on land and in
water. Additionally, it is interesting to study locomotion in such transitional environments as the
observed behaviour is likely a result of both the constraints of the physical environment well as the
neuromuscular control of the animal. Here, we report the kinematics of Polypterus senegalus locomotion
in four transitional environments (0.25 body depths, 0.75 body depths, 1 body depth and 2 body depths).
Although locomotion in these transitional environments is a combination of “walking” and swimming
kinematics, successive increases in water depth do not always lead to more swimming-like behaviour.
These experiments are the first step towards understanding how motor control changes during these
transitional behaviours.
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Lipid Oxidation Mechanisms for Thermoregulating Deer Mice (Peromyscus maniculatus)
Les mécanismes d'oxydation des lipides chez les souris sylvestre en thermorégulation
Thermogenic capacity in hypoxia is known to be under strong directional selection in highland native deer
mice (Peromyscus maniculatus). Recently, our lab has shown that rates of lipid oxidation are 1) 3-4x
higher during thermogenesis, compared to the maximum rates observed with exercise, and 2) higher in
highlanders compared to lowlanders. I am using this unique within species comparison to test the
hypothesis that highlanders have a higher capacity for lipid oxidation to sustain heat production by means
of increased lipid storage, mobilization, transport, uptake and oxidation compared to lowlanders. My
results reveal that highlanders have higher plasma triglycerides (TG) (P<0.05), and possibly greater stores
of intramuscular TG (P=1.053) and carnitine palmitoyltransferase (CPT) activity (P=0.057). Whether
these changes are responsible for the higher rates of whole animal lipid oxidation in highlanders is
unclear. Furthermore, many of these variables are phenotypically plastic. When comparing control mice
treated in warm + normoxic conditions, cold + hypoxia acclimation doubles plasma TG in both
highlanders and lowlanders (P<0.05), while lowlander CPT activity increases to highlander levels
(P<0.05). My project and future research will be the first step in understanding the mechanistic
underpinnings responsible for the highest observed lipid oxidation rates seen in any mammal.
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Anti-diuretic Activity of a CAPA Neuropeptide Can Compromise Drosophila Chill
L'activité anti-diurétique de la neuropeptide CAPA peut réduire la tolérance au froid chez
Drosophila
For insects, chilling injuries that occur in the absence of freezing are thought to be caused by a systemic
loss of ion and water balance that leads to extracellular hyperkalemia, cell depolarization, and the
triggering of apoptotic signalling cascades. The ability of insect ionoregulatory organs (e.g. the
Malpighian tubules) to maintain ion balance in the cold has been linked to improved chill tolerance, and
many endocrine factors are known to influence ion transport rates of these organs. Micromolar doses of
CAPA (an insect neuropeptide) have been demonstrated to improve Drosophila cold tolerance, but the
mechanisms through which it impacts chill tolerance are unclear. Here, we provide evidence that low
(fM) and high (µM) doses of CAPA impair and improve chill tolerance, respectively, via two different
effects on tubule ion and water transport. By quantifying CAPA peptide levels in the central nervous
system, we estimated the maximum achievable hormonal titres of CAPA in Drosophila haemolymph, and
found evidence to suggest that contrary to long-held opinions, CAPA may function as an anti-diuretic
peptide which results in negative effects on chill tolerance in this species.
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Refinement of UV Illumination for Antifouling: A Comparison between West coast and
East Coast Canada
Raffinement de l'éclairage UV pour l'antisalissure: une comparaison entre la côte ouest et la côte
est du Canada
We examined the effect of UV light exposure on the accumulation of marine biofouling organisms in the
nearshore environment of both the northeastern Pacific and northwestern Atlantic. A series of
experiments were conducted in the summer and fall of 2016 and 2017 using custom-designed housings
equipped with low-powered UV LED modules that projected UV light through quartz glass plates
exposed to ambient ocean conditions. A range of treatments with fixed intervals of UV illumination but
varying intervals without UV illumination were tested to determine the lowest illumination rate still
effective at deterring biofouling. Analyses included qualitative observation and statistical analysis of
both counts and percent cover for all fouling species. On the West coast, plates illuminated between 50%
and 8.3% of the time prevented absolutely all fouling over 9 weeks (while controls reached saturation).
In a subsequent comparison, illumination rates as low as 3% or 5% of the time allowed only minimal
fouling over 10 weeks. On the east coast, minimal fouling was also observed for illumination rates
between 8.3% and 1.6%. In conclusion, UV illumination is an effective antifoulant. Further research
should investigate the relationship between UV illumination and the potential for mutagenesis in fouling
organisms.
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Is the Hypoxic Metabolic Response of Fishes Determined Primarily by Phylogenetic
Constraint or By the Type of Hypoxic Environment?
La réponse metabolique hypoxique des poissons est-elle principalement déterminée par la
contrainte phylogénétique ou par le type d’environnement hypoxique?
Surviving a hypoxic event requires a rapid metabolic response to maintain cellular energy balance.
Different fish species accomplish this through different combinations of aerobic metabolism,
anaerobic metabolism and metabolic depression, and the literature is rich in studies characterizing
the hypoxic metabolic responses of fishes; some species rely primarily on aerobic and anaerobic
metabolism, while others use anaerobic metabolism in conjunction with metabolic depression.
Clearly, the metabolic responses to hypoxia may evolve in multiple ways, but it is unknown
whether the evolutionary paths are determined by phylogenetic constraint or by the type of
environmental hypoxia. That is, do closely related species evolve similar characteristics, or does the
multi-dimensional hypoxic environment, which varies over spatial scales, severity, duration,
frequency, and rate of induction, impose certain selective pressures that determine these
characteristics? Here, we broadly categorized the significant variation in hypoxic environments
according to the above dimensions. We found that they are the primary determinants driving the
large variation in hypoxic survival strategies. Specifically, distantly related species under equivalent
hypoxic pressures rely on similar combinations of aerobic, anaerobic and depressed metabolism,
indicating that the metabolic response to hypoxia is determined more by type of hypoxic
environment than it is by phylogenetic constraint.
MILICA MANDIC*, Y.K. PAN* AND S.F. PERRY
Dept. of Biology, University of Ottawa, Ottawa, ON. Canada; E-mail: mmandic@uottawa.ca
Development Stage and Hypoxic Severity Impact the Hyperventilatory Response in
Zebrafish (Danio rerio) Larvae
Stade de développement et sévérité hypoxique influent sur la réponse hyperventilatoire chez
les larves de poisson zèbre (Danio rerio)
Hyperventilation is rapidly initiated during hypoxia in fish and it is a critical defense mechanism
that serves to delay the negative consequences of hypoxia on aerobic respiration. Interestingly,
zebrafish (Danio rerio) larvae hyperventilate in response to hypoxia as early as 3 days post
fertilization (d.p.f.), yet at this stage of development gill filaments are not fully formed and the
larvae are known to completely rely on cutaneous respiration until at least 7 d.p.f. Critical changes
in sensing O2 and responding to O2 changes occur during the initial 14 d.p.f., yet how this
developmental time period affects the hypoxic ventilatory response has not been extensively
studied in larval fish. Therefore, we examined the effect of both developmental time and O2
tensions on the hyperventilatory response in zebrafish. Early developing larvae show a
hyperventilatory response that is dependent on the severity of hypoxia; specifically,
hyperventilation is transient at moderate hypoxia and is only maintained throughout the exposure at
severe levels of hypoxia. In contrast later stage larvae sustain hyperventilation throughout the
exposure over a much greater range of O2 levels in the environment. We are currently investigating
whether this is a consequence of altered O2 sensing capacity or hypoxia tolerance at different
developmental stages.
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Parasites as Indicators of Environmental Stress: Lessons from Aquatic Ecosystems
Les parasites comme indicateurs du stress environmental: leçons d'ecosystèmes aquatiques
Parasites have proven to be excellent indicators of the biology of their hosts and the surrounding
ecosystem. Examples stemming from work in our laboratory demonstrate how parasites provide
information on contaminants and other forms of environmental stress. These include studies of parasites
of various species of fish in relation to different sources of pollution in the St. Lawrence, Richelieu,
Athabasca and Miramichi rivers, in addition to those of frogs from agricultural habitats. Results indicate
that it is important but can be difficult to distinguish effects of anthropogenic inputs from those caused
by other abiotic and biotic factors. In particular, care must be taken to account for hydrological
conditions, nutrient inputs, salinity and landscape development. Results also shed light on outstanding
and somewhat unresolved questions and confounding issues. Potentially helpful insights will be derived
from our laboratory’s experience in fresh waters to guide future environmental studies in aquatic
ecosystems.
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Claudin-10 Isoforms Expressed in Tight Junctions of Opercular Epithelium from Killifish
Acclimated to Freshwater, Seawater and Hypersaline
Isoformes claudine-10 exprimés dans les junctions serrées d’opercules épithéliales de
choquemorts acclimatés en eau douce, salée et hypersaline
Chloride cells in the opercular epithelia (OE) of the euryhaline, euryoxic, and eurythermic killifish
(Fundulus heteroclitus) actively secrete Cl- transcellularly but secrete Na+ using a cation-selective
paracellular pathway. Claudin-10 proteins occupy tight epithelial junctions and can form ion-selective
pores, but little is known of the cation-selective paracellular junctions in fish skin and gill. Abundance
of mRNA from cldn-10c, -10d, -10e and -10f was measured in freshwater (FW), seawater (SW) and
hypersaline (2SW) fish gills: mRNA abundance was acutely elevated from cldn-10e in SW and 2SW
fish at 24h, while other responsive isoforms increased later (3-7days); in SW cldn-10d and -10e
increased, whereas in 2SW cldn-10c and -10f increased. Ion substitution experiments in Ussing
chambers revealed pore permselectivity sequence Na+>K+>Rb+~Cs+>Li+ (Eisenman VII), consistent
with permeation of dehydrated ions. Permselectivity sequence from 2SW fish was significantly more
selective for Na+ over K+, compared to SW fish, indicating different pore characteristics with different
claudin- 10 isoforms. Immunocytochemistry localized claudin-10c protein to apical crypts of ionocytes
from SW and 2SW fish but claudin-10c was absent from OE of fully acclimated FW fish. We conclude
that claudin-10 isoforms form and maintain cation- selective paracellular pores in salt-secreting
epithelia of vertebrates. Support: NSERC, NSF, Skidmore College.
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Skin Ionocyte Remodelling in the Amphibious Mangrove Rivulus Fish (Kryptolebias
marmoratus)
Remodelage des ionocytes cutanés chez le killi des mangroves (Kryptolebias marmoratus)
The amphibious mangrove rivulus uses its skin as the primary site of ionoregulation during air
exposure. We know that skin ionocytes exhibit plasticity during air exposure and with shifts in
salinity. We used several microscopy techniques to look at details of this ionocyte plasticity after
salinity challenges and 7 days of air exposure. We observed an increase in ionocyte size in air
suggesting increased activity. Immunohistochemical staining in air-exposed fish revealed ionocytes
with Na+ /K+ ATPase (NKA), Na+/H+ exchanger and cystic fibrosis transmembrane conductance
regulator (CFTR) whereas ionocytes from aquatic fish had only NKA (freshwater) or NKA and
CFTR (brackish and hypersaline water). These differences may indicate a distinct mechanism of ion
transport. In hypersaline water, we observed increases in apical crypt number and area compared to
fish in brackish water. Using electron dispersive spectroscopy to analyze the mucus layer, we saw
decreases in sulfur, phosphorous and magnesium after 7 days in air compared to fish in water
suggesting the mucous layer functions as a barrier/reservoir for ions in challenging environments.
This study identified plastic changes in ionocyte internal and external morphology and highlights
novel ionocyte sub-types associated with air exposure.
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Examining the Intra-Individual Relationship between Behaviour and Physiology in the Green
Shore Crab (Carcinus maenas)
Examen de la relation intra-individuelle entre le comportement et la physiologie chez le crabe
Carcinus maenas
An increasing body of research suggests that individual animals have distinct and consistent
personalities. Animal personalities are usually defined in terms of ‘behavioural syndromes’,
meaning a cohort of co- expressed behaviours; for example, an animal that is active is also
more likely to be more aggressive. If and how behavioural syndromes relate to underlying
physiological processes is not fully understood, but recent research suggests that animals with a
higher metabolic rate are likely to be more competitive and aggressive. The green shore crab,
Carcinus maenas, is an ecologically important invasive species in North America. This species
is very tolerant of environmental change and several distinct physiotypes exist. The aim of the
current study was to define behavioural syndromes by analyzing the relationship between
locomotor activity, boldness and aggression, and to determine how these may be related to
metabolic rate and scope as well as general physiological condition (hemolymph protein
index). Initial results suggest that crabs with higher resting metabolic rates are more aggressive
and bold and have a competitive advantage in obtaining food when interacting with their less
active counterparts. The findings shed light on the relationship between behaviour and
physiology and how these affect responses at the individual animal level.
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Small with Agility and Large with Stability: Effects of Growth on Blue Shark Morphology
Petit et agile, grand et stable: effets de la croissance sur la morphologie du requin bleu
Adult blue sharks (Prionace glauca) can cruise at high speeds while searching for prey, whereas smaller,
young blue sharks remain at a greater risk of predation. Therefore, adults would benefit from static
stability, provided by relatively short fins and a larger moment-of-inertia to resist disruptive turning
forces. Conversely, smaller juveniles would benefit from dynamic stability to enhance maneuverability
in the form of relatively long fins compared to their larger counterparts. We hypothesize that sharks
grow with geometric isometry, such that fins get smaller and moment-of-inertia larger relative to
increases in body mass. Dorsal and lateral images of blue sharks (26.3-144.8kg) were analyzed for
changes (with body mass) in area and span of all fins, and a proxy for moment-of-inertia of the body
was calculated for roll, yaw and pitch. On a log-log scale, pectoral fin span and area yielded slopes much
less than 1, while moments-of-inertia scaled with slopes greater than 1, suggesting that as mass
increases, pectoral fins are relatively smaller and moments-of-inertia are larger. Consequently, larger
bodied sharks may be more statically stable, promoting economical, high speed cruising in pursuit of
prey, while smaller sharks are more dynamically stable, promoting maneuverability for defense against
predation.
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Elevational Distribution and Habitat Requirements of the Red Squirrel in Western
Newfoundland
La distribution en altitude et les besoins en matière d’habitat de l’écureuil roux dans l’ouest
de Terre-Neuve
Red squirrels were introduced to the island of Newfoundland in 1963 and have since become
widespread. They are primarily granivorous but are also opportunistic predators of bird nests and have
been implicated in the decline of endemic Newfoundland subspecies of Gray-cheeked Thrush and Red
Crossbill. Information on the habitat requirements and distribution of squirrels on Newfoundland is
limited, but is necessary to assess how they interact with other species. We surveyed squirrels across a
250 km2 study area spanning elevations of 75 m to 600 m in western Newfoundland. Surveys were
completed in June and July of 2016 and 2017, which followed years of high and low cone production,
respectively. 2016 yielded 5.1 times more squirrel detections, and in both years squirrels were most
abundant at low elevations and decreased in occurrence up to elevational limits at 515 m (2016) and 480
m (2017). Information theoretic model selection indicated that elevation was the strongest predictor of
red squirrel occurrence, while year, conifer scrub, water, and 30-70 year-old mixed stands of balsam
fir/black spruce were also important. Future studies should investigate factors that limit the elevational
distribution of squirrels to assess whether they may expand upslope as climate changes.
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Biomaterial Based Buoyancy Regulation in an Aquatic Insect
Le règlement de la flottabilité par le biais de biomatériaux chez un insecte aquatique
The aquatic midge larvae (Chaoborus) regulate their buoyancy as do physoclist fish, with the only other
system known to use gas filled sacs. With no respiratory pigment, however, the mechanism cannot
utilise haemoglobin-Oxygen offloading, and there is no evident musculature that could act on the sac to
achieve inflation. This leads to the question of how the gas sacs alter their volume. It is hypothesized
that an expanding force is exerted by the sac wall in response to an alteration in the composition of the
surrounding haemolymph. This lowers the interior gas pressure such that dissolved gasses from the
medium may diffuse inward down their partial pressure gradients. Digital microscopy is used to measure
changes in sac cross sectional area, and the sac’s response to osmolarity as well as pH are investigated.
Preliminary results suggest a swelling effect of pH similar to that on insect resilin, and that osmolarity
affects the sacs contrary to conventional osmotic swelling. Further investigation to look for the presence
of resilin, as well as to simulate and manipulate haemolymph composition are expected to contribute to a
mechanistic understanding. The underpinnings of this buoyancy control mechanism may have profound
implications for the study of plastic biomaterials.
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An Examination of Composition and Species Richness in Trematode Communities
Exploiting Stagnicola elodes
Un examen de la composition et de la richesse spécifique chez les communautés de trématodes
exploitant Stagnicola elodes
Human-induced changes in freshwater environments due to climate change, pollution, and habitat loss
can alter the community of parasites associated with host taxa. This is particularly true for digenean
trematodes which have complex lifecycles and often highly specific relationships with their hosts. This
study explored the richness and composition of trematode species associated with the freshwater snail,
Stagnicola elodes, in Blacketts Lake, Cape Breton, in relation to previous studies in North America.
Cercariae were collected from infected snails from 2011-2017 and identified to family-level based on
morphology. Representative cercarial samples were selected for DNA extraction, following which a
750 bp region of the Cytochrome Oxidase Subunit I gene was amplified and sequenced. A DNA
barcoding approach was used to assess species richness, and parasite identities were determined,
where possible, through BLAST searches on GenBank. Preliminary results indicated that a minimum
of 13 trematode species spanning five families exploit S. elodes in Blacketts Lake, all of which overlap
with previous studies of S. elodes in Nova Scotia, Alberta, and Michigan. Species richness was
intermediate in comparison to aquatic environments associated with low and high human impacts.
This host-parasite system has potential as a bioindicator for assessing aquatic communities.
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Testing Cyclostome-based Models for Vertebrate Ancestry
Le test de modèles d’ascendance de vertébrés à base de cyclostomes
As the only living jawless vertebrates, cyclostomes (hagfish and lampreys) are a crucial taxon to
infer conditions at the crown vertebrate node. The Hagfish Model accepts hagfish as nesting outside
other vertebrates, whereas the Ammocoete Model compares ammocoete larvae of lampreys with
amphioxus to derive a filter- feeding vertebrate ancestor. I test these models using new fossil
evidence. For the Hagfish Model, I report a new fossil hagfish from the Cretaceous of the Middle
East. Aided by synchrotron radiation scanning of preserved soft tissues, the exquisitely preserved
anatomy elicited revision of morphological characters in hagfish that were considered primitive. A
new phylogenetic analysis recovered cyclostomes as a clade, falsifying a prediction of the Hagfish
Model. The Ammocoete Model predicts that the filter-feeding larval stage existed in stem lampreys.
However, skeletal correlates of filter feeding are lacking in the newly discovered larvae of stem
lamprey from the Devonian southern polar region. Instead, the larvae have correlates of predatory
habits. That combination of life history traits suggests that a filter-feeding larval stage was acquired
secondarily, closer to — or within — the lamprey crown group. Therefore, the new evidence rejects
both the Hagfish and Ammocoete models to reconstruct the last common ancestor of all vertebrates.
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Ionoregulatory Strategies of a Freshwater Mayfly Nymph Include the Tracheal Gill as
an Ionoregulatory Organ
Les stratégies d'ionoregulation d'une nymphe d'éphémère d'eau douce incluent la branchie
trachéale comme organe d'ionoregulation
Ionoregulatory strategies of the freshwater (FW) mayfly (Hexagenia rigida) nymph were examined.
Nymphs of H. rigida maintained hemolymph ion levels far in excess of their FW surroundings. This
appeared to be accomplished by the combined actions of the alimentary canal, Malpighian tubules
(MTs) and tracheal gills. Specifically, (1) spatial differences in the activity of basolateral Na+-K+ATPase (NKA) and apical V-type H+-ATPase (VA) and (2) region-specific Na+ and K+ flux rates were
found along the alimentary canal and these both indicated an important role for the hindgut in K+
reabsorption. Region- specific differences in Na+ and K+ flux rates were also observed in the
architecturally complex MTs, indicating a multifaceted role for this organ. In addition, MTs exhibited
the highest protein-specific NKA and VA activities of all organs examined in this study. Finally,
tracheal gills possessed a dense population of NKA and VA immunoreactive cells which exhibited the
ultrastructural characteristics of ionocytes. In line with these observations, the tracheal gills were
identified as sites of Na+ uptake, providing the first direct evidence that mayfly nymph tracheal gills
acquire ions from FW. Taken together these data offer new insight into how FW mayfly nymphs
regulate salt and water balance.
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Bisphenol A and Bisphenol S Disrupt Regeneration and Alter DNA Methylation in the
Annelid Pygospio elegans
Bisphénol A et bisphénol S perturbent la régénération et modifient la méthylation de l'ADN
chez l'annélide Pygospio elegans
BPA is an environmental contaminant that is known to disrupt embryonic development as both an
endocrine disruptor and by altering DNA methylation. We tested two hypotheses: first, that BPA and
its ‘safe’ alternative, BPS, inhibit regeneration in the marine invertebrate Pygospio elegans, and
second, that disruption of regeneration is accompanied by a change in genome methylation status.
Both BPA and BPS inhibited regeneration at environmentally relevant levels (10-8M to 10-12M).
Even at the lowest concentrations tested, anterior blastemas of worms exposed to BPA or BPS were
significantly smaller than controls (one-way ANOVA, df=10, 162, p≤0.000). Global DNA
methylation was compared among regenerating worms by using methyl-sensitive isoschizomers
(HPAII and MspI) to digest DNA, comparing DNA smears with gel electrophoresis, and analyzing
the distribution of methylated DNA with subtraction curves. Gel analysis indicated that both
bisphenols decreased DNA methylation, with BPA being effective at concentrations as low as 1010
M and BPS to 10-12M. “Rescuing” bisphenol-treated blastemas with seawater or folic acid restored
regeneration but not DNA methylation. These experiments show that environmentally relevant levels
of contaminants common in coastal waters disrupt development in an invertebrate, and also, alter
DNA methylation.
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The Role of Serotonin in Regulating the Hypoxic Hyperventilatory Response in Larval
Zebrafish
Le rôle de la sérotonine dans la régulation de la réponse hyperventilatoire hypoxique des larves de
poissons zèbres
Serotonergic neuroepithelial cells (NECs) are believed to be oxygen sensitive chemoreceptors found
throughout the skin of larval zebrafish (Danio rerio). Serotonin (5-HT) packaged within these NECs has
been implicated as the neurotransmitter mediating the hypoxic hyperventilatory response. This study
aims at targeting the rate limiting enzyme for 5-HT synthesis, tryptophan hydroxylase (tph), through
knockdown and knockout approaches to discern the role of 5-HT in regulating the hypoxic
hyperventilatory response. Knocking down the three tph paralogs (tph1a, tph1b, tph2) with varying doses
of the respective morpholinos resulted in a decrease in serotonergic NEC density on the skin of 4 dpf
larval zebrafish. The same decrease in serotonergic NEC density on the skin also was observed in tph1a
and tph1b knockout fish generated through CRISPR/cas9 gene editing. Interestingly, 4 dpf tph1a
knockout larvae displayed a significantly higher ventilation rate when exposed to hypoxia (45 mmHg)
compared to the wild types, while tph1b knockout larvae had a significantly lower ventilation rate. The
different ventilatory response to hypoxia despite both knockouts exhibiting significantly fewer detectable
serotonergic NECs on the skin suggest that serotonin may regulate the hypoxic ventilatory response at
the central level.
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Effects of Spontaneous Mutation Accumulation on Fitness and Mitochondrial
Functions in Daphnia pulex
Effets de l'accumulation de mutations spontanées sur la valeur adaptative et les
fonctions mitochondriales des Daphnia pulex
Most spontaneous mutations are known to be deleterious and the negative consequences of
mutation accumulation on fitness are well documented. Yet little is known about the impacts of
mutations on physiological traits and how this relates to fitness. Impacts on mitochondria are of
particular concern given their crucial roles in many cellular functions and the known susceptibility
of their DNA (mtDNA) to mutations. We measured the effects of mutation accumulation (MA) on
both life history and mitochondrial traits in Daphnia pulex MA lines raised under mild copper and
benign conditions. Traits were assayed at two temperatures. MA lines exposed to copper showed
lower fitness than controls (non-MA isolates). High temperature exacerbated most negative fitness
impacts of mutations. Mitochondrial respiration rates of both MA lines treatments were similarly
reduced by ~10% compared to controls under high temperature. Moreover MA lines showed a
higher relative mtDNA copy number than controls at optimal temperature, but this concentration
was significantly reduced at high temperature. Our results are the first to empirically demonstrate
the alleged sensitivity of mitochondria to mutational load and point at modulation of mtDNA
content as an important mitigation mechanism of mutational impacts.
1
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Bathymetric Effects and Adaptations in Deep-Water Fish and Invertebrates Collected Off
Eastern Canada: Insights from Isotopic and Lipid Composition
Effets de la bathymétrie et adaptations chez les poissons et invertébrés des eaux profondes
prélevés au large de l'est du Canada: aperçu provenant de la composition isotopique et lipidique
Deep-sea communities from continental slope areas may experience abrupt environmental changes with
depth, such as increasing pressure, and decreasing temperature and food availability. The biochemical
composition of deep-water organisms may reflect adaptations to these changes. Here, the isotopic (δ15N,
δ13C), lipid class, and fatty acid composition of 142 cold-water species belonging to 9 major marine
phyla, were investigated to explore depth-dependent variations and related effects. Samples were
collected between 310 – 1413 m depths in slope areas off eastern Canada. Overall, organisms displayed
higher levels of unsaturation in their fatty acid composition and lower proportions of sterols at deeper
depths, likely representing adaptations to temperature and pressure changes. Furthermore, although
changes in the isotopic composition of deep-sea organisms was expected due to biochemical
transformation of sinking particulate organic matter within the water column, no trends were seen when
pooled individuals were analyzed. Nonetheless, variations were observed when specific faunal groups,
e.g. pelagic fish, were considered, thus suggesting that feeding type/trophic position may influence data
interpretation. Interestingly, both arachidonic and oleic acids of benthic invertebrates were found to
increase along the bathymetric gradient, indicating increasing carnivory and scavenging behaviors at
deeper depths.
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Spatial and Temporal Benchmarking of Marine Hydroids (Cnidaria, Hydrozoa) in Cape
Breton using Morphological and Molecular Techniques
Référencement spatial et temporel des hydroïdes marins (Cnidaria, Hydrozoa) au Cap Breton
à l'aide de techniques morphologiques et moléculaires
Distributions of marine invertebrates in the North Atlantic can be expected to shift in response to climate
change. Tracking distributions temporally requires an understanding of what species are currently
present. Hydroids are conspicuous taxa in the fouling community of shallow water marine environments
in Cape Breton, yet local surveys are sparse and outdated. Consequently, the identity and diversity of
local species needs to be clarified. For this study, hydroids were sampled around Cape Breton and
preserved for morphological and molecular analyses. Key morphological features were used for family
and genus-level designations. Sequences were generated for the 16S rRNA barcoding gene and used in
BLAST searches to identify species when reference data were available. Molecular phylogenetic
analyses were performed to refine identifications and determine relationships to other taxa. We
identified 17 taxa to genus-level and 16 to species-level; four taxa do not appear to have been recorded
previously in the region. Population-level analyses indicated stronger relationships with conspecifics in
the United States compared to samples from Europe. Our results also provided further support for
cryptic speciation within Obelia dichotoma. For future broad-scale analyses of biodiversity,
taxonomically-verified databases such as this will be essential for tracking distributional changes.
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Immunity and Pathology of Mosquitoes, Culex territans, Infected with Hepatozoon Species
from the Blood of Green Frogs, Rana clamitans
Immunité et pathologie des moustiques (Culex territans) qui sont attients d’espèces
d’Hepatozoon du sang de la grenouille verte (Rana clamitans)
We previously reported that mosquitoes, Culex territans, fed on frogs heavily infected with
Hepatozoon blood parasites, die within 48 h of feeding. We hypothesize that in heavy infections,
overwhelming numbers of parasites exiting through the midgut and entering the haemocoel during
development cause irreparable morphological and physiological damage. The objectives of this
study were to examine the pathological effects of heavy infections of Hepatozoon species on C.
territans, and to determine the immune response against well-tolerated lighter infections of this
parasite. Mosquitoes treated with antibiotics to eliminate any deleterious septicaemic effects of
midgut bacteria did not survive as long as untreated mosquitoes, suggesting a protective role of gut
microbiota. Dissected midguts of mosquitoes at various infection intensities were viewed using
SEM to investigate evidence of damage to the midgut epithelium. Midguts of heavily infected
mosquitoes were difficult to dissect, and often disintegrated upon preparation, suggesting that
parasite movement severely compromised midgut integrity. Lastly, peroxide assays of haemolymph,
a measure of mosquito immune activity, performed on mosquitoes that had taken a blood meal from
frogs of varying intensities of infection, revealed that there was a significant immune response in
mosquitoes that took a parasitized blood meal compared to uninfected mosquitoes.
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Killing Time: Exploring Temporal Variation of Wolf (Canis lupus) Kill Rates on Multiple
Prey in Riding Mountain National Park
Examen de la variation temporelle des taux de prédation du loup (Canis lupus) sur diverses
proies dans le parc national du Mont-Riding
Predator-prey interactions can change in animal abundance and distribution. For example, predators and
prey each vary their space use to maximize or minimize their encounter rates. This tension is often
quantified spatially, but important variation in space use behaviour, and its consequences exists over
time. Wolves in Riding Mountain National Park, Canada, feed on multiple prey species (moose, whitetailed deer, and elk). We evaluated temporal variation in kill rates by wolves responding to a diverse
prey source using the ideal gas law. Kill rates were determined from the GPS data of wolves and related
to wolf speed and prey GPS data, and covariates that influence detectability (e.g. light levels). Wolf
speeds were much greater than that of their prey, thus governing the effective speed of the system. Yet
overall kill rates, winter kill rates, prey specific kill rates of moose (primary prey, 43.7% of diet) and
white-tailed deer (22.4%) were not related to speed but increased with total light. Only summer kill rates
increased with speed, possibly due to the restricted movements and ability to track prey from denning
and pup rearing. My work indicates a decoupling between wolf movement and hunting success,
challenging behavioural underpinnings in predator-multiprey dynamics.
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Incubation Temperature and the Timing of Hatch in Atlantic Salmon Eggs from the Exploits
River, Newfoundland, Canada
Température d'incubation et moment de l'éclosion des oeufs de saumon atlantique provenant
de la rivière des Exploits, Terre-Neuve, Canada
In north-temperate regions, some of the most dramatic effects of climate change are expected during
the winter. For fall-spawning salmonids, warmer winter temperatures will accelerate the
development of incubating eggs, which has the potential to create a mismatch in the timing of larval
hatch/emergence and peak food availability in spring. Published models used to predict the timing of
hatch under different incubation temperatures are only useful if the effect of temperature is both
repeatable within and among females of a river, and predictable across locally adapted populations.
In this study, we incubated eggs from 17 female Atlantic salmon (Salmo salar) from the Exploits
River, Newfoundland, under three temperature regimes. We found that the timing of hatch was
highly repeatable within individuals, but differed among individuals, although this difference was
minimal (< 5% total degree-days required for hatch). Temperature had a predictable effect on hatch
timing with eggs incubated at lower temperatures requiring fewer cumulative degree-days to hatch.
We compare our results with those predicted by two published models to evaluate their applicability
to this ecologically and economically important Atlantic salmon population.
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The Impact of Elevated pCO2 Levels in Aquaculture Facilities on the Acid-Base
Physiology and Behaviour of the Whiteleg Shrimp Litopenaeus vannamei
L'impact des niveaux élevés de pCO2 dans les installations d'aquaculture sur la physiologie
acido-basique et le comportement de la crevette à pattes blanches Litopenaeus vannamei
Rapidly rising atmospheric CO2 is driving global climate change and causing ocean acidification.
Studies have demonstrated that ocean acidification can have drastic effects on the behaviour and
physiology of marine organisms which may impact overall animal fitness. Many aquaculture
facilities around the globe operate with elevated water pCO2 levels caused by high stocking
densities. These elevated pCO2 levels are similar to or higher than predicted for marine systems by
the end of the century. With high stocking densities being essential for aquaculture facilities to be
profitable, it is imperative to understand how elevated pCO2 waters in aquaculture facilities impact
aqua cultured animals to allow stakeholders to establish water conditions which improve overall
animal fitness and productivity. In the present study, whiteleg shrimp, Litopenaeus vannamei,
obtained from the Förde Garnelen GmbH aquaculture facility in Germany were maintained in
normal Baltic seawater (pH 7.86) or seawater mimicking the aquaculture facility (pH 7.18). We
investigated the effect that high pCO2 in aquaculture facilities impose on hemolymph carbonate
chemistry, nitrogen excretion, behaviour and growth rate. This study will also provide further
insights into how studies of high CO2 in aquaculture facilities may shed light on the impact of global
climate change on aquatic life.
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Physiological and Behavioural Responses of Age-0 Lake Sturgeon (Acipenser
fulvescens) to Acute Freshwater Acidification Following an Over-Wintering Period
Réponses physiologiques et comportementales de l'esturgeon jaune (Acipenser fulvescens) de
l'âge 0 à l'acidification aiguë de l'eau douce après une période d'hivernage
Extended over-wintering periods experienced by northern freshwater fishes often results in low
water temperatures and a scarcity of resources that can be particularly challenging to the survival of
age-0 fishes. Snow melt at the end of winter can release land-derived acids and CO2 into rivers and
lakes, which result in sharp declines in pH and increases in pCO2 likely posing further survival
challenges. As with many northern fishes Lake Sturgeon, Acipenser fulvescens, preferentially
deplete lipid and carbohydrate energy stores during periods of starvation which may further impact
their ability to effectively respond to the additional physiological distress posed by the spring thaw
mediated freshwater acidification. In the current study, we investigate the effect that spring thaw
mediated acidification imposes on behaviour (food cue detection), metabolism (MO2 and ammonia
excretion) and blood chemistry (pH, HCO3-, pCO2, RBC pHi, chloride, hematocrit) of age-0 Lake
Sturgeon following their first over-wintering period. In addition, as lake sturgeon are long-lived
fishes where current age-0 fishes may experience global climate change scenarios predicted for year
2100, results of fish reared from birth in year 2100 scenarios (increased temperature and pCO2)
exposed to spring thaw following an over-wintering period will also be discussed.
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From Ants to Cartilaginous Fish: Retention and Reactivation of Ancestral
Developmental Potentials
Des fourmis aux poissons cartilagineux: conservation et réactivation des potentiels de
développement ancestraux
Recurrent phenotypes are widespread throughout nature as a result of convergence. We have begun
to accumulate a great deal of knowledge regarding the ecological context and selective forces
involved in facilitating these evolutionary patterns. Nevertheless, the extent to which these patterns
are the product of novel developmental processes or the redeployment of ancient developmental
programs remains poorly understood. Here we describe examples, ranging from invertebrates (ants)
to vertebrates (cartilaginous fish), where the potential for the reactivation of latent developmental
programs can be retained for millions of years. First, we show that the hyperdiverse ant genus
Pheidole has re-evolved an ancient worker subcaste called the supersoldier through the reactivation
of dormant hormonal thresholds and modulated by developing structures long thought to be
rudiments. In parallel, we show that cartilaginous fish, which are thought to have secondarily lost
bone, have retained the capacity to express the bone gene regulatory network (GRN) underlying
vestigial calcification in their vertebra. Furthermore, this GRN can be further reactivated using in
vitro and in vivo methods. Together, ancestral developmental potentials can be retained throughout
the animal kingdom and may more generally facilitate the parallel and adaptive evolution of
phenotypes.
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Inactivity as the Convergent Mechanism Underlying the Metabolic Phenotype in Winter
Dormant Fish
L'inactivité comme mécanisme convergent sous-tendant le phénotype métabolique chez
les poissons qui sont en dormance en hiver
Winter dormant endotherms (i.e. hibernating mammals) actively depress their energy expenditure via
metabolic rate depression (MRD). However, controversy exists over the involvement of MRD in winter
dormant ectotherms, including many temperate fishes. Previous studies have argued both for and against
the presence of MRD in winter dormant fish, suggesting considerable interspecific variation in the
capacity for MRD. However, these studies may suffer from confounding influences of variation in
activity on metabolic rate. Recent work on a winter dormant model fish species, cunner (Tautogolabrus
adspersus), showed that the decrease in metabolic rate was explained not by MRD, but rather by
inactivity combined with the physicochemical effects of cold on metabolism. To test if inactivity is the
convergent mechanism underlying the metabolic phenotype of winter dormant fish, I will collect a
diverse range of these species and assess their dormancy threshold temperature. The relationship
between activity and metabolic rate then will be measured simultaneously using video and automated
respirometry in each species after exposure to warm, intermediate, and cold temperatures for 8 weeks.
My study will reveal the mechanisms underlying winter dormancy in fish, a state in which species spend
up to half their life.
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Do Hibernation-Induced Changes to the Intestinal Microbiome Influence the Metabolic
Phenotype of Hibernation?
Les changements résultants de l'hibernation sur le microbiome intestinal influencent-ils le
phénotype métabolique d'hibernation?
Some animals hibernate to avoid an energy supply-demand imbalance when food resources become
scarce. Depending on species, they can survive the entire hibernation season—up to nine months—
without eating. This profoundly affects the abundance and composition of the hibernator’s gut
microbiota, which may ultimately influence the hibernator’s own metabolism. We used 13-lined
ground squirrels to investigate the functional effects of hibernation-induced microbial changes on
both the microbiota and host squirrel. To investigate microbiota function in vivo, we administered
different 13C-labeled substrates (metabolized only by microbes) to the squirrels’ GI tracts via gavage,
and then used cavity ring-down spectrometry to monitor in real time the 13C:12C of the squirrel’s
exhaled CO2. Higher ratios indicate higher rates of substrate metabolism by the microbiota. We
found that season significantly influenced these ratios, which peaked in summer and reached a nadir
in winter, indicating a diminished microbial metabolic capacity during hibernation. Next, to
investigate how these microbial changes might impact squirrel metabolism, we used NMR-based
metabolomics to identify microbial-sourced metabolites and monitor their uptake and distribution
throughout various tissues of the host squirrel (results pending). This approach will reveal how
seasonal changes in the squirrel microbiota may influence the metabolic phenotype of hibernation.
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A Metagenomics Approach to Identifying Pathogens that Hitchhike on Parasites
Une approche métagénomique pour identifier les pathogènes transmis par les parasites
Parasitic trematodes can act as a vehicle to transport bacterial pathogens to animals and humans. In our
study, we focus on species of the bacteria Neorickettsia which are the causative agents of Potomac
fevers in horses, Salmon poisoning disease in dogs and Sennetsu fever in humans. Neorickettsia species
gain access to the mammalian host through their commensal association with a trematode parasite, but
this relationship is poorly characterized. Recently, the genome sequencing of Fasciola hepatica, a
parasitic liver fluke of ruminants, revealed a novel species of the bacterium Neorickettsia, that
presumably colonizes F. hepatica. We have obtained Plagiorchis species that were found in Alberta
and have been observed to harbor N. risticii, which previously was only known to inhabit Nanophyetus
salmincola. To pursue the link between Neorickettsia and its vectors, we are sequencing Plagiorchis
and using algorithms designed for metagenome analyses to map sequence reads to bacterial genomes
and identify those which belong to Neorickettsia in Plagiorchis and 28 other trematode species. We are
also expanding this work to search for other associations between parasitic helminths and bacteria that
are pathogenic to animals and humans.
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The Cost of Good Parenting: Altered Maternal Care in High Altitude Deer Mice, Peromyscus
maniculatus
Le coût d'un bon rôle parental: modification des soins maternels chez les souris sylvestres à haute
altitude
Low oxygen and temperatures at high altitude (HA) are particularly challenging for small mammals due
to the high energetic costs of aerobic thermogenesis. In altricial rodents the onset of independent
endothermy occurs in the first month of life, a period of high mortality and a potential selective window.
Previously, we found the onset of endothermy was delayed in HA compared to low altitude (LA) native
deer mouse pups. HA pups may rely more on their mother during this sensitive window. Thus, we tested
the hypothesis that high altitude adaptation includes enhanced maternal care, using lab-reared
descendants of deer mice native to LA (400 m a.s.l) and HA (4300 m a.s.l.). Mothers reared their litters
postnatally under common garden warm + normoxia and under combined cold + hypoxia (5oC:
430mmHg). We characterized maternal energetic demands and quality of care. Surprisingly, despite
rearing /provisioning larger litters than their LA con-specifics, HA mothers spent considerably less time
caring for their pups. Both populations altered their maternal behavior in response to cold/hypoxic
conditions, however, LA pups were significantly developmentally delayed. Our data suggest a conflict
between offspring and maternal energetic demands at high altitude that manifests as a trade-off in
quality of care.
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The Architecture of the Mitochondrial Electron Transport System in Very Long-lived
Marine Bivalves: Are Supercomplex Assemblies Present?
L’architecture du système de transport des électrons mitochondrial chez des bivalves marins à
très grande longévité: y-a-t-il présence de supercomplexes?
Oceans are home to some of the longest-living species on the planet, and marine animals are not only
indicators of environmental changes, but are also increasingly recognized as emergent models for
biomedical research. Marine bivalves show important interspecific differences in lifespan, and the ocean
quahog Arctica islandica is the longest-living non-colonial animal (maximum lifespan: 507 years).
Recent evidence suggests that this extreme longevity is due to lower rates of mitochondrial reactive
oxygen species production and better defenses against oxidative stress, in agreement with the
“mitochondrial oxidative stress theory of aging”. Our current understanding of the aging process in
mammalian models suggests a deeper role for the architecture of the electron transport system (ETS):
recent studies revealed that it is organized into supramolecular assemblies, called supercomplexes. These
may confer stability to the ETS, but decay with aging and trigger an increase in oxidative insult, leading to
age-associated diseases. Whether this organization of mitochondrial complexes exists in other aging
model organisms remains unknown. Using a comparative approach in bivalve species with lifespans
ranging from 28 to 507y, we show differences in ETS complexes assembly in isolated mitochondria
from mantle and gill tissues, and discuss the implications for aging and environmental adaptation.
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Developing Protein Level Assays for Key Immune Markers in Salmonids
Développement de tests de quantification du niveaux de protéines pour des principaux marqueurs
immunitaires chez les salmonidés
Over the next decade, the Canadian salmon aquaculture industry faces several climate change-related
challenges, including increased high temperature and low oxygen events. The projected climate trend
threatens salmonid production by potentially exacerbating bacterial and viral diseases. In mammals,
genes coding for small signalling proteins (cytokines) regulate stress and immune responses during
infection. Cytokine genes have been identified in many teleost fishes, but whether their biological
function is analogous to the mammalian paradigm has yet to be elucidated. By developing quantitative
enzyme-linked immunosorbent assays (ELISA) for detection and quantification of these cytokines, a
better understanding of their function will be possible. Herein, we discuss the development of a
quantitative ELISA for rainbow trout (Oncorhynchus mykiss) interleukin-1 beta (IL-1β) through the
production of polyclonal antibodies. The effectiveness of the quantitative ELISA was demonstrated
through the detection of these proteins in fish tissues and cell culture at minimal picogram
concentrations. Quantification of IL-1β by ELISA was validated through Western blot assessment of
protein profiles and compared to gene expression via quantitative polymerase chain reaction. The
development of functional diagnostic assays for immune markers in fish will facilitate more effective
aquaculture disease management and improve our scientific understanding of fish immunity.
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Linking Development, Morphology and Function in Skeletal Evolution
Liens entre le développement, la morphologie et la fonction dans l’évolution du système
squelettique
Over millions of years, mammals have evolved from primitive quadrupeds into morphologically diverse
species able to run, hop, fly, and swim. This macroevolutionary diversity is the long-term outcome of a
process that begins with microevolutionary forces, especially selection, acting on musculoskeletal
variation within populations. However, the mechanistic details of phyletic skeletal evolution, especially
the links between organismal development, skeletal morphology and function, are challenging to study
within species, because of the continuous nature of variation in skeletal size and shape. Here, I will
present recent results from the Longshanks experiment, in which we selectively bred laboratory mice for
longer tibiae relative to body mass for over 20 generations. I will show how comparisons between this
long-limbed mouse and its wildtype ancestor can be leveraged to gain insights into the evolutionary
developmental basis of limb elongation, into the consequences of this derived morphology for locomotor
function and performance, and hence ultimately into how organismal development, morphology, and
function are linked to facilitate (or constrain) evolutionary change within species. I will also discuss
more broadly how “forward engineering” an adaptive morphology through selective breeding can be
used to unpack the black box of evolutionary change.
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Oxygen Drives Skeletal Muscle Remodelling in an Amphibious Fish Out of Water
L'oxygène provoque le remodelage du muscle squelettique dans un poisson amphibie hors de
l'eau
Aquatic hypoxia is thought to be a strong selective force in the evolution of terrestriality in fishes
suggesting that amphibious fishes leave water to access the higher O2 concentration of atmospheric
air. We tested the hypothesis that skeletal muscle remodeling in an amphibious fish Kryptolebias
marmoratus on land is driven by higher O2 availability in atmospheric air. However, there are also
several physiological challenges K. marmoratus experiences on land that could serve as the cue for
muscle remodeling. Thus, we tested the alternative hypothesis that muscle remodeling on land
occurs in response to hypercapnia, hypoxemia, elevated temperature and/or fasting. Fish were
exposed for 28 days to one of seven treatments: control, hyperoxia, hypoxia, elevated CO2, elevated
temperature, air or fasted. Air, fasting, and hyperoxic conditions significantly increased the size of
oxidative muscle fibers in K. marmoratus while hypoxia has the reserve effect. Hyperoxiaacclimation also resulted in a transformation of the musculature to include discrete bands of
oxidative-like muscle in K. marmoratus, but not in a closely related aquatic species, P. wingei. Our
results show that amphibious K. marmoratus, is highly responsive to environmental O2 levels and
may capitalize on O2-rich opportunities to enhance O2 utilization by the skeletal muscle.
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UV-C as a Pre-treatment Option Against Microalgae in Drinking Water Facilities
L’utilisation de UV-C dans les stations de traitement d’eau potable comme méthode de
prétraitement contre les microalgues
Clean drinking water is a vital resource which requires extensive treatment processes. During treatment,
necessary steps, such as disinfection and filtration, are taken to remove and deactivate microorganisms
like microalgae. Microalgae can cause several problems for treatment facilities including algal blooms
and biofouling of filtration membranes. Algal blooms in source water affect human and ecosystem
health due to toxin release and decreased sunlight penetration. Biofouling lead to costly repairs and
issues with flow regimes. Microalgae are typically targeted during the pre-filtration process in
conventional water treatment using chlorine. We hypothesize and test whether UV-C, a process typically
used at the end of treatment, could be used also as a pre-treatment option. Here we tested the
effectiveness of UV-C in reducing reproduction of microalgal populations typically found in source
water. For this assessment, we employed a novel screening tool (SHAPE) that allows for the precise
monitoring of algal populations over time in a high-throughput format. Our tests on Scenedesmus
quadricauda reveal that SHAPE is a useful tool in assessing algal proliferation in response to nondestructive treatments such as UV-C. Further testing on different microalgal groups will also be
conducted. This work has implication for water treatment facilities and improving treatment processes.
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A Transformed Lab-Bred Strain of Snail Demonstrates Enhanced Memory and Resilience
to Stress
Une souche transformée d'escargot élevé en laboratoire démontre une mémoire améliorée et de
la résilience au stress
The mollusc Lymnaea stagnalis is a model organism for studying associative learning and memory
formation. Lymnaea strains collected from different locations in the wild, as well as three lab-bred
strains, demonstrate varying memory-forming abilities. Stress differentially influences memory-forming
ability in various strains of Lymnaea. Specifically, certain stressors enhance memory-forming ability in
‘average’ strains, but obstruct memory in ‘smarter’ strains. Here, we demonstrate that changing the
environment in which one lab-bred strain (the B-strain) is reared, leads to an enhancement of memoryforming ability. Specifically, this transformed B-strain shows the same phenotype as ‘smart’ snails
collected from the wild (e.g. the Whitesand Lake strain (WSL)). However, the transformed B-strain
snails are more resilient to stress than the WSL strain. For example, exposure to a thermal stress or
damage to the animal’s shell does not obstruct memory formation in the transformed B-strain snails,
while both factors impair memory- formation in the WSL strain. These findings suggest that
environmental factors present during development influence memory-forming ability and stress
resilience in Lymnaea, at least within a laboratory setting. However, the specific factors contributing to
the dramatic phenotypic change of this lab-bred strain remain to be elucidated.
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Thermal Constraints on Physiological Performance as a Cause of Winter Dormancy in
Fishes
Les contraintes thermiques sur la performance physiologique est l’une des causes de la dormance
hivernale chez les poissons
Frigid winter temperatures are a key bottleneck on the persistence of fish populations at high latitudes.
Winter dormancy is an inactive, fasting, low metabolic rate state that has evolved among some fishes in
order to endure winter and extend their poleward range. Few studies have investigated winter dormancy
including why these fish go dormant. Temperature is a known constraint on performance, so we
hypothesize that winter dormancy is a response to extreme thermal constraints on physiological
performance. We are measuring the thermal sensitivity of three key physiological performance metrics
(exhaustive swim performance, aerobic scope, and excess post-exercise oxygen consumption (EPOC))
and the underlying tissue metabolite responses in the winter dormant fish, cunner (Tautogolabrus
adspersus), after acute exposure to 2, 5, 8, 11, 14, 17, and 20°C and a minimum 5 week acclimation to 2,
5, 8, 11, and 14°C. We predict that there will be a breakpoint temperature for performance, with a
disproportionately large decrement below the dormancy threshold temperature of ~5°C (the temperature
at which cunner enter dormancy). Our study will provide insight into whether thermal constraints on
physiological performance help explain the occurrence of winter dormancy in fishes, a key strategy for
seasonal persistence at poleward latitudes.
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Local Adaptation and Eco-Evolutionary Feedbacks Shape Population Dynamics and
Persistence
L’adaptation locale et les rétroactions éco-évolutionaires forment la dynamique et la persistance
des populations
The link between rapid evolution and population dynamics is crucial to understanding how populations
are regulated and their persistence. Here we present results of two replicated outdoor experiments
designed to assess how and why adaptation influences demography. Rapid evolution in outbred
populations of Drosophila melanogaster experiencing outdoor seasonally fluctuating environments had a
profound effect on population dynamics, as populations that adapted to seasonal conditions showed a
higher population size compared to populations where local adaptation was experimentally prevented.
This increase in population size lead to a density mediated eco-evolutionary feedback, where increasing
population size corresponded with adaptation to high density conditions. We observed strong treatment
differences in population persistence, as local adaptation was required for populations to persist in cold
conditions. Phenotypic assays revealed rapid evolution in both stress tolerance and fecundity traits in the
populations allowed to adapt. Genomic data revealed that adaptation occurred mainly by non-parallel
genetic changes, with an increase in parallelism during cold conditions. Taken together, these experiments
illustrate the crucial role that rapid evolution can play in population growth and persistence, uncover some
phenotypic mechanisms by which evolution shapes demography, and provide a view of the links and
feedbacks between genotype, phenotype, and demography.
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Developing Lamprey Gills Dominate Ion Regulation before Gas Exchange
Les branchies de lamproie en développement préconisent la régulation ionique avant l’échange
de gaz
Accepted dogma assumes the filter-feeding gill of chordates supplanted the skin as the dominant site
for oxygen uptake before ion regulation. However, teleost gill ontogeny counters this untested
“Oxygen Hypothesis” by first supplanting the skin as the dominant site for ion regulation. Using
burrowing-phase lampreys as a representative system, we attempted to determine if the developing
gill also became the dominant site for ion regulation before oxygen uptake in ancestral chordates.
With a divided chamber preparation, we measured oxygen, carbon dioxide, ammonia, sodium and
calcium fluxes simultaneously at gill and skin of whole lampreys in vivo across a broad size range
(0.02-2.00 g). The gill accounted for nearly 100% of ion flux (Na+, Ca2+) at all body sizes, yet only
20-40% of gas flux (O2, CO2, NH3) despite hypoxic and thermal challenges. Complimentary data
collected from more ancestral protochordate representatives (amphioxus and acorn worms) also
indicate a dominant role for the gill in ion flux before gas flux. Together, our results suggest the gill
might have assumed a dominant role in ion regulation before gas exchange during chordate
evolution.
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Anti-Diuretic Action and Signaling Cascade of a CAPA Neurohormone in the Mosquito
Disease Vector, Aedes aegypti
Action anti-diurétique et cascade de signalisation d'une neurohormone CAPA chez le
moustique vecteur de maladies Aedes aegypti
Female Aedes aegypti mosquitoes face the challenge of excess water and ion intake after a blood
meal. To cope with this, blood-feeding insects have a highly active excretory system, including the
Malpighian tubules (MTs), which is under rigorous control by neuroendocrine factors to regulate
diuresis. Although both diuretic and anti-diuretic roles for CAPA peptides have been found in larval
A. aegypti, its role and signaling pathway remains unclear in adults. In this experiment, the effects
of AedaeCAPA-1 were measured on adult female MTs stimulated with various diuretic factors.
AedaeCAPA-1 specifically inhibits secretion of MTs stimulated by diuretics, 5-HT and DH31.
Furthermore, although AedaeCAPA-1 acts as an anti- diuretic, it does not influence the relative
proportions of cations transported by adult MTs, thus maintaining the kaliuretic activity of 5-HT
and natriuretic activity of DH31. In addition, the effects of the second messenger cGMP and
PKG/NOS inhibitors were measured in adult MTs indicating 5-HT and DH31–stimulated secretion is
strongly inhibited by cGMP, similar to effects seen with AedaeCAPA-1. Additionally,
pharmacological inhibition of PKG/NOS signaling abolishes the anti-diuretic activity of
AedaeCAPA-1, confirming the role of cGMP/PKG/NOS in the CAPA signaling pathway.
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Sexual-size Dimorphism of Northern Elephant Seal Pups: A Study of the Southernmost
Mexican Colony
Dimorphisme sexuel de la taille chez les jeunes éléphants de mer du nord: étude d’une colonie
située à l’extrême sud du Mexique
Mating systems and breeding strategies of pinnipeds influence sexual-size dimorphism. These size
differences have been well studied in adults, but they are poorly known for early life stages. The two
elephant seal species (Mirounga) show the greatest size dimorphism in adults of any pinniped, so
information about sexual differences early in life is of particular interest. This has been studied in the
southern elephant seal (M. leonina) at multiple colonies. However, little information exists for the
northern species (M. angustirostris), apart from mass at weaning, and this is mainly from a single colony
in central California, near the northern limit of the species’ breeding range. We present information on
neonatal body size and pre-weaning growth for the latter species at its southernmost colony, the San
Benito Islands, Mexico. In 2006-07 we measured 208 newborn pups and 251 weanlings. Males were
10% heavier and 2% longer than females at birth, but sexes did not differ in body mass at weaning. In
contrast, in California, males are heavier than females at weaning; in addition, pups are heavier there
than in Mexico. These differences may reflect geographic or temporal variation due to changes in
ecological conditions or life history.
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Effect of Parasite Infection on Fecal Glucocorticoids and Behaviour in Vervet Monkeys
(Chlorocebus pygerythrus) at Lake Nabugabo, Uganda
Glucocorticoïdes fécaux et comportement des singes vervets (Chlorocebus pygerythrus) au Lac
Nabugabo, Ouganda, suite à l’infection parasitaire
In the absence of clinical symptoms of parasitic infection, fecal glucocorticoids (fGC) and behavioural
changes allow quantification of potential infection costs. Our parasite removal experiment in wild
vervets had five phases: I) “pre-deworming”; II) “deworming” ivermectin treatment, and III) 0-4 weeks,
IV) 5-8 weeks, and V) 9-23 weeks “post-deworming”. Parasite eggs were found in all phases except IV.
The best repeated-measures GLMMs and pairwise comparisons on log-transformed fGC levels (N=218)
indicate an effect of phase, a possible effect of age (ΔBIC=0.298; adults & juveniles higher fGC than
subadults; F=98.870, df=3,114, p<0.001), and no effect of sex; activity budgets also differed across
phases (X2=415.124; df=24, p<0.001). Despite continued excretion of parasite eggs in Phase III, mean
fGC levels decreased (1.02±0.35ng/g) while traveling and affiliative behaviour increased compared to
“pre- deworming” (1.41±0.55ng/g). The absence of eggs in feces during Phase IV was associated with
increased fGCs (4.03±2.85ng/g) and resting, while Phase V had continued fGC increase (6.04±7.33ng/g;
F=3.419, df=2,55, p=0.040) but decrease resting and increase affiliation. Decreased fGCs and increased
activity following deworming likely represent parasite death despite continued egg excretion, while
increases in fGC and resting during the likely period of initial reinfection indicate that this process is
stressful.
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Slime’s A-Wasting: Timing and Process of Pacific Hagfish (Eptatretus stoutii) Slime Gland
Refilling
Synchronisation et processus de remplissage des glandes à mucus chez la myxine du Pacifique
(Eptatretus stoutii)
Hagfishes use their unique defensive slime to ward off gill breathing predators. While much is known
about the slime cells (gland thread cells and gland mucous cells), little is known about the timing or
process of slime gland refilling. Electro-stimulation of slime glands was used to induce release of slime
exudate, and the refilling process was studied via examination of the exudate and the slime glands over a
range of recovery times. Slime glands retained a small percentage of slime cells after exhaustion, and
complete refilling of slime glands took three to four weeks. At refilling times shorter than four weeks,
glands could still release some exudate, although the amount released and the size of threads in the
exudate was reduced compared to full glands. The mucus to thread ratio also varied during refilling,
which likely affects the gill- clogging efficacy of the slime. Histological and immunohistochemical
examination of refilling glands revealed that new slime cells likely arise from proliferation of
undifferentiated cells in the epithelial lining of the glands, with most growth occurring near the slime
gland edge and slime cells likely being pushed to the center of the gland by subsequent cell divisions.
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Near-term Climate Change Effects on Ecosystem Processes and Functioning
Les effets du changement climatique à court terme sur les processus et le fonctionement de
l'écosystème
The planet’s climate and environment have undergone significant changes since the start of the
industrial revolution. Local human activities are reshaping marine biodiversity and thus how ecosystems
function. In predicting the ecological impacts of multi-stressors, current research efforts have focused on
end-of- century projections, leaving a gap in our understanding of how ecosystems may respond in the
forthcoming decades. Here we provide quantitative data on near-term acidification and warming effects
on ecosystem processes and functioning. We found that the burrowing capacity of five invertebrate
species was unaffected by exposures to 450ppm pCO2 and +2°C warming, representing near-term
change that is predicted in the next 20-30 years. However, ecosystem functioning, measured using
nutrient concentrations as indicators of microbial activity, were significantly altered by near-term
change. Specifically, we found increased water-column NOx-N and PO4-P concentrations, providing
some first evidence of significant ecosystem changes occurring even in the next 20-30 years. This is
particularly relevant to sediment dwelling invertebrates, due to the tight coupling between the benthic
and microbial community. With microbes controlling the biogeochemical cycling of the elements that
shape life, near-term changes to microbial activity, functioning and diversity have wide-ranging
implications, highlighting the urgent need for more detailed investigations into near-term changes.
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Assessing Nova Scotian Black Bear (Ursus americanus) Population Connectivity
La connectivité des populations d’ours noir (Ursus americanus) en Nouvelle-Écosse
The black bears (Ursus americanus) of mainland Nova Scotia have the potential to have low genetic
connectivity to New Brunswick black bears due to Nova Scotia’s peninsular geography. Potentially more
extreme is the genetic isolation of black bears on the Nova Scotian island of Cape Breton. A lack of gene
flow into a population can serve to decrease the overall genetic variability of that population, ultimately
resulting in population-level instability. Various microsatellite regions will be amplified from epithelial
tissue samples collected from the teeth of hunted and trapped black bears from New Brunswick, mainland
Nova Scotia, and Cape Breton. Gene flow will be assessed between New Brunswick and mainland Nova
Scotia, as well as between mainland Nova Scotia and Cape Breton using Bayesian genetic clustering
models. Additionally, the genetic variability will be estimated for both mainland Nova Scotia and Cape
Breton, and then compared to other North American black bear populations.
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Trickle vs. Clumped Infections: Modifying the “Crowding Effect” on Cestode Growth
Infections multiples ou uniques: modifications des effets dépendant de la densité sur la taille des
cestodes
Many helminth parasites exhibit a pronounced “crowding effect”, whereby the mean body size of
helminths varies inversely with the number present in a host. Crowding is usually ascribed to resource
limitation, but some resources (e.g., space) are constant while others (e.g., nutrients) may be replaced by
the host over time. Compared to a single (clumped) infection, a trickle infection spreads parasite arrival
and establishment over time. This hypothetically spreads resource demands over time and may reduce
crowding, but empirical tests are lacking. We compared cysticercoids of a cestode, Hymenolepis
diminuta, from single and trickle infections of flour beetles, Tribolium confusum. Compared to clumped
infections, trickle infections with the same total number of parasites were less affected by parasite
numbers in terms of mean body size, variation in body size among parasites within each host, and in total
body size of parasite infrapopulations. The reduced crowding effect in trickle infections allows
accumulation of more and larger parasites, making the host more susceptible to negative effects
associated with parasite mass. Where trickle infections occur, and they may be very common in nature,
we suggest caution ascribing mechanisms based on clumped infection protocols that are usually used in
laboratory settings.
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Enhanced Hemoglobin-O2 Unloading in Teleosts is Sustained after Catecholamine Removal
Décharge accrue d'hémoglobine O2 chez les téléostéens après le retrait des catécholamines
Recent findings indicate that teleost fishes may be able to greatly enhance hemoglobin-oxygen (HbO2) unloading to tissues under stress. With the release of circulating catecholamines, red blood cell
(RBC) β-adrenergic Na+/H+ exchangers (-NHE) are activated, protecting RBC pH and building a
H+ gradient across the RBC membrane. At the tissues, plasma-accessible carbonic anhydrase (CA)
short- circuits this H+ gradient, reducing RBC pH and enhancing Hb-O2 unloading. Previous studies
show that in rainbow trout, Hb-O2 unloading may double with no change in perfusion compared to a
system without short-circuiting. However, catecholamines in vivo may be removed within minutes of
release, potentially restricting the benefits of enhanced Hb-O2 unloading to a narrow time frame.
Here, we show that this system remains active following experimentally removing catecholamines
from the blood: adding CA to β-adrenergically stimulated RBCs in vitro caused a large increase in
PO2 that may mirror enhanced Hb-O2 unloading to tissues in vivo. Even an hour after catecholamine
removal, 50% of the maximal ∆PO2 remained, indicating that the system can be sustained in the
absence of circulating catecholamines. This system may therefore play an important role in
supplying tissues with O2 not only during short stressful periods, but also in the time following.
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Role of MPC1 in Mitochondrial Metabolism: Age and Diet Effects in Drosophila melanogaster
Rôle de la protéine MPC1 dans la modulation du métabolisme mitochondrial en fonction de
l’âge et de l’alimentation chez la Drosophila melanogaster
Mitochondria are important organelles that coordinate several pathways such as carbohydrate
metabolism. After glucose enters the cell, it is transformed into pyruvate, which enters mitochondria
via the mitochondrial pyruvate carrier (MPC). The effects of ageing and diet on mitochondrial
metabolism has been widely studied, but the impact of rate limiting carriers such as MPC during
pathophysiological conditions has not been thoroughly investigated. The aim of this study is to
provide a better understanding of the mitochondrial response during challenging conditions such as
nutrient overload and aging that can lead to mitochondrial dysfunctions. For this purpose, we
exposed two genotypes of Drosophila melanogaster, WT and MPC1 knock-down, to three different
diets (standard cornmeal, 18% sucrose or 30% sucrose), and measured mitochondrial respiration,
geotaxis capacity, lifespan and metabolite concentrations at 3 different ages (15, 30 and 40 days
old). Our results showed that a knock-down of MPC1 induce a metabolic reprogramming that could
protect the mitochondria from dysfunctions caused by ageing and/or excessive dietary sugar. Thus,
this study highlights the importance of MPC1 in the fundamental processes controlling
mitochondrial metabolism. Moreover, these results suggest that inhibition of MPC could be a
therapeutic avenue for metabolic disorders such as type 2 diabetes.
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New Directions in Insect Freeze Tolerance
Nouvelles perspectives sur la tolérance au gel chez les insectes
Freeze tolerant insects can withstand internal ice formation, yet we still do not understand the precise
mechanisms that underlie this ability. Comparative studies reveal that freeze tolerance has evolved
independently on multiple occasions, likely for a variety of reasons. Thus, there is unlikely to be a
‘magic bullet’ that underlies insect freeze tolerance. We propose a process-based approach to
understanding freeze tolerance that will likely yield new understanding of the mechanisms underlying
the ability to survive freezing. Specifically, we separate freeze tolerance into its component parts: freeze
tolerant insects must survive cooling, withstand the initial formation of ice, mitigate damage accrued
while frozen, restart and rebalance physiological systems during thawing, and repair any damage
accumulated during the freeze-thaw cycle. Currently, most of these processes are only vaguely
understood, but this framework yields a number of clear and testable hypotheses that can be addressed
with tools and model systems that are currently available. In a flagrant attempt to recruit graduate
students, postdocs, and collaborators, we will outline some of the most promising of these approaches.
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Multidisciplinary Approaches in (Fish) Biology
Approches multidisciplinaires en biologie (des poissons)
Behaviour and physiology in fish are inextricably linked with their interaction influencing the way fish
respond to their environment. Additionally, parental behaviour and physiology coupled with the early
life experiences of an individual shape its behaviour and physiology later in life. For example, the
inclusion of carotenoids in the parental diet appears to play a role in offspring survival, oxygen
consumption and aggressive behaviour. Understanding integrated physiological and behavioural
responses of both adults and early life stages can provide a greater understanding of the way fish respond
to environmental challenges. Using multi-disciplinary approaches, my research group are currently
addressing a variety of topics, including the welfare of fish transported in the ornamental fish trade, the
re-establishment of fish communities on rehabilitated coral reefs, the interactions between humans and
pet fish in schools and health care settings and the feeding efficiency of shrimp in aquaculture. In
conclusion, I will look at the influence that Gord McDonald has had on my scientific career, and how the
advice he gave me as my post-doctoral supervisor, continues to influence my research today.
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Comparing Myotome Tissue Structure between Diploid and Triploid Zebrafish (Danio
rerio)
Comparaison de la structure tissulaire du myotome entre les poisson zèbre (Danio rerio) diploïdes
et triploïdes
Many whole genome duplication (WGD) events have occurred during evolutionary history and because
these WGDs can relax selection on copies of conserved genes, WGDs are often linked to the evolution of
novel functions. Increased cell size is another consequence of increased genome size, but research has
focused primarily on how duplicated genes evolve after a WGD, rather than how changes in cell size affect development. WGDs in plants result in increased cell size and commensurate increase in the size of
the organism. This pattern holds true in some animals such as mollusks and arthropods, however ploidy
transitions are embryonic lethal in birds and mammals. Teleosts and amphibians represent a middle
ground; polyploids are often viable, but the correlation between cell size and body size has been decoupled – although their cells are larger, polyploid individuals are no larger than their diploid counterparts.
Using transgenic zebrafish with fluorescent histones, ploidy can be measured non-lethally very early in
development to identify individuals for comparison. Comparing size and organization of developing myotomes and the surrounding vasculature at the cellular level highlights how teleosts compensate for increases in ploidy and cell size at the tissue level to maintain body size.
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Physiological Trade-offs in an Algal-Salamander Symbiotic Relationship
Compromis physiologiques dans une relation symbiotique algues-salamandres
The yellow spotted salamander, Ambystoma maculatum, forms a symbiotic relationship with the green
alga, Oophila amblystomatis, during embryonic development. The mutual exchange of some resources
between symbiont and host, and the fitness benefits to embryos have been documented. However, the
physiological benefits or limitations of the relationship and the potential carry-over effects on subsequent
life history stages have not yet been considered. We assessed the growth, survival, and physiological
responses of salamander embryos to acute hypoxia and thermal stress after rearing under 24-hour light
(chronic oxygenic photosynthesis), 14-hour light (fluctuating oxygenic photosynthesis), and 0-hour light
(no oxygenic photosynthesis). To test for the presence of carry-over effects, we assessed the same
responses in larval salamanders derived from embryos from each treatment. Embryos and larvae are oxyconformers, and while there were no effects of algal photosynthesis on embryo oxygen consumption,
larvae reared under 24-hr light had the lowest oxygen consumption, growth, and survival. Furthermore,
there was an effect of ambient oxygen concentrations on thermal tolerance. We discuss our results in the
context of benefits and limitations of the algal-salamander symbiosis to embryo fitness in terms of
optimal oxygen conditions, and the fitness of subsequent life history stages.
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The Smell of Fear: The Influence of Heavy Metals on Juvenile Salmonid Olfaction and
Behaviour
L'odeur de la peur: l'influence des métaux lourds sur l'odorat et le comportement des
salmonidés juveniles
Juvenile salmon do not have many morphological or physical defense mechanisms, like spines or
poison, which makes them especially vulnerable to predation throughout their development. Instead,
they rely heavily on detecting predator scents and chemical alarm cues released from injured fish.
The smell of these alarm cues triggers a series of defensive behaviours that increase the likelihood of
survival in the presence of a predator. Unfortunately, even at parts per billion concentrations, certain
contaminants like copper and zinc, can interfere with scent detection and render juvenile coho
largely defenseless. The disruption of these fishes’ main system of defense could have massive
impacts on survival and should be of considerable concern to conservationists and policy makers. It
is vital to understand the influence of sub-lethal levels of toxicants on stream systems and provide
strong evidence to support the need for change in how acceptable levels of contaminants are
determined.
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Immune Modulatory Properties of 6-Gingerol and Resveratrol in Atlantic Salmon (Salmo salar)
Macrophages
Propriétés immunomodulatrices du 6-gingérol et du resvératrol dans les macrophages du saumon
atlantique
Inflammation is a biological process whereby immune cells such as macrophages respond to, and
eliminate, damage from injury and disease. Chronic or sustained inflammation, however, can be
detrimental to the health and growth of animals, including fish. Immune modulating functional plant
compounds, supplemented as feed additives, may be safe and natural approaches to controlling
inflammation and disease. This project employed an in vitro cell model to assess the effect of two plant
compounds, 6-gingerol and resveratrol, on Atlantic salmon macrophages. To determine if these
compounds can modify salmon macrophage function, primary macrophages were isolated from the head
kidney, cultured and pre-treated with the compound for 24h. The cells were then challenged with a
bacterial pathogen-associated molecular pattern (PAMP), lipopolysaccharide (LPS), and the mRNA
expression of anti-bacterial and cytokine genes was analyzed by real-time quantitative polymerase chain
reaction (qPCR). In addition, the effects of compound pre-treatment on macrophage ROS production and
phagocytic responses were analyzed via flow cytometry. We found that both 6-gingerol and resveratrol
modified macrophage function, with 6-gingerol having an overall greater effect on expression of the
genes analyzed, suggesting that these functional plant compounds may be good candidates as feed
additives and should be investigated further.
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Effects of Vitamin D₃ on Aeromonas salmonicida Infection in Atlantic salmon (Salmo salar)
Primary Macrophages
Effets de la vitamine D₃sur l'infection par Aeromonas salmonicida chez les macrophages
primaires du saumon atlantique (Salmo salar)
Vitamin D3, also known as cholecalciferol, is a pro-hormone obtained from animal sources through the
diet. In addition to its importance in processes including mineral metabolism and cell growth,
cholecalciferol stimulates the antibacterial immune response in mammals. However, this mechanism has
not been explored in fish cells. To determine this, Salmo salar primary macrophages were isolated,
incubated for 5 days and supplemented with cholecalciferol (100 ng/ml) for 24 h. The Gram- negative
bacterium Aeromonas salmonicida subsp. salmonicida (J223 strain) was used as a model of infection,
using a multiplicity of infection (MOI) of 1:1 (bacteria : macrophages). The gentamicin exclusion assay
was utilized to evaluate the number of extracellular and intracellular A. salmonicida at different times
post-infection. Expression of vitamin D receptor (VDR) and innate immune genes were also evaluated at
different time points pre- and post-infection. We found that cholecalciferol positively influenced the
antibacterial activity of S. salar macrophages. In addition, A. salmonicida attachment and invasion were
significantly reduced in cholecalciferol treated cells versus the non- treated. Collectively, our data
suggest that the impact of vitamin D3 on A. salmonicida infection of salmon macrophages may be
similar to results described for bacterial infections of mammals.
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Developmental Changes in the Response to CO2 in Semi-Fossorial Mammals
Changements développementaux dans la réponse au CO2 chez les mammifères semifossiles
Adult semi-fossorial rodents such as the Golden-Syrian hamster (facultative hibernator) and the 13Lined ground squirrel (seasonal hibernator) have a blunted ventilatory response to CO2 in comparison to
adult non-fossorial rodents. Rats display a “sensitive period” during respiratory development where
ventilatory responses to hypercapnia are blunted before rising to typical adult levels. This study used
pneumotachography and whole body plethysmography to examine the metabolic and ventilatory
responses to CO2 of Golden-Syrian hamsters, 13-Lined ground squirrels, and Sprague-Dawley rats
through neonatal development (P0-30) to determine whether the blunted adult semi-fossorial response
was a retention of the transient blunted response seen in rats. The introduction of hypercarbia (1, 5, and
7% CO2) did not affect oxygen consumption (VO2, mL/min/kg) in any species but did elevate ventilation
(5 and 7% CO2) in all species. Rats in our study exhibited a triphasic response to CO2 while hamsters had
an early (P0-2) robust response that progressively waned to a blunted adult response. Squirrels also
exhibited an early, robust response to CO2 that decreased within days and remained attenuated through
development to adulthood. Our study shows three distinct developmental patterns that appear to be
shaped by lifestyle despite all animals being raised in normocarbic (non-fossorial) conditions.
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P. WRIGHT2
Dept. of Biology, University of Ottawa, Ottawa, ON; 2Dept. of Integrative Biology, University of
Guelph, Guelph, ON; 3Dept. of Biology, Mount Allison University, Sackville, NB; 4Dept. of Biological
Sciences, University of Alberta, Edmonton, AB; 5Brevard County Environmentally Endangered Lands
Program, Melbourne, FL. USA. E-mail: estanden@uottawa.ca
Surface Tension, Muscle Mass and Emersion Performance in the Mangrove Rivulus
(Kryptolebias marmoratus)
Tension de surface, masse musculaire et performance d'émersion chez le killi des mangroves
(Kryptolebias marmoratus)
Mangrove rivulus (Kryptolebias marmoratus) are a small amphibious fish that live in crab burrows.
Fluctuating water conditions and fierce competition drive fish to leave the water and spend time on
land. This study addresses two aspects of emersion performance; first, the purely mechanical factors
affecting jump performance through a water interface and second, how air acclimation impacts
emersion performance. Mechanically, the surface tension of water can be a significant barrier for very
small animals, the forces required to break through the surface being larger than the muscle of the
animal can provide. K. mar is a small fish, routinely leaving water at lengths of less than 1.5cm and
50mg. We predict that K. mar use specific launch angles to minimize the force required to break the
water surface. We also predict that variation in launch angle will decrease with fish size as the muscle
mass required to power the jump decreases. Air acclimation has been shown to improve terrestrial
jump performance by increasing oxidative muscle capacity. We predict that air acclimation will
actually decrease emersion performance as fast glycolytic muscles are required to achieve the
explosive acceleration necessary to successfully break through the water tension.
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Hypoxia is a Key Factor Modulating the Electrical Activity Pattern in the Heart of Alaska
Blackfish (Dallia pectoralis)
L'hypoxie est un paramètre clé qui influence le profil d'activité électrique dans le cœur du
Dallia (Dallia pectoralis)
The Alaskan blackfish (Dallia pectoralis) is a facultative air-breathing fish experiences cold and severe
hypoxia in isolated, ice-covered small ponds during winter. We investigated the effects of cold
acclimation (5oC; CA) and prolonged hypoxia exposure (10-15% of air saturation; 5 weeks) at 5oC
(CAH) on heart rate, the electrical activity, action potential duration (APD), main K+ currents (inward
rectifier IK1; delayed rectifier IKr), and mRNA expression in the myocardium of the Alaska blackfish to
elucidate the fish’s overwintering strategy. Unlike all other north-temperate freshwater fish species
studied to date, in which cold-acclimation induces upregulation of delayed rectifier (IKr and IKs) and IK1
currents that serve to shorten APD, CA Alaska blackfish did not exhibit an upregulation of IK1 or IKr, or
a shortening of APD. However, IK1 and IKr were upregulated in CAH fish compared to CA when
measured at 10°C. The upregulation was accompanied by a shortening of APD, reduced QT interval and
up- regulation of kcnj12 (7-fold; Kir2.2 of IK1), kcnj14 (3-fold; Kir2.4 of IK1) and kcnh6 (3.5-fold;
Kv11.2 of IKr). Heart rate was unaffected by hypoxia exposure. Thus, in Alaska blackfish, a
combination of hypoxia and cold is required to induce acclimation of cardiac electrical activity.
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Body Size and Competitor Identity Modulate Prey Consumption and Feeding Behaviour in
a Slow- Moving Benthic Predator (Asterias rubens)
Taille corporelle et identité du compétiteur controllent la consommation de proies et le
comportement alimentaire chez un prédateur benthique à mobilité réduite (Asterias rubens)
The common sea star, Asterias rubens, is a dominant benthic predator in eastern Canada, modulating
community structure through consumption of bivalve prey. Spatial and dietary overlaps with the
indigenous rock crab, Cancer irroratus, and introduced green crab, Carcinus maeneas, together with
comparatively lower mobility in A. rubens, suggest the latter is poorly fit to compete for prey with either
crabs. Consumption of variably sized mussels and four components of A. rubens’ feeding behaviour
were quantified over 75-h one-on-one face-off trials between A. rubens and either C. irroratus or C.
maenas. Results showed that A. rubens (1) prioritizes consumption upon contacting prey, over nonfeeding activities such as responding to physical contacts; (2) alters consumption and feeding behaviour
under prolonged exposure to C. irroratus; and (3) perceives C. maenas as an incentive to explore habitat
instead of a threat (more so in large than small A. rubens). Overall, A. rubens’ foraging decisions were
based simultaneously on physiological and environmental conditions, while varying ontogenetically and
with competitor’s identity. Different responses observed between A. rubens exposed to familiar (C.
irroratus) or unfamiliar (C. maenas) competitors suggest alterations to feeding patterns are a learned
response affected by the timing and frequency of encounters with competitors.
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Solving Life Cycles with DNA Sequencing Reveals New Insights into Echinostome
Trematode Biology
La résolution des cycles de vie à l’aide de séquençage d’ADN offre de nouvelles perspectives
sur la biologie des trématodes echinostomes
Many trematode parasite life cycles are unknown or inaccurately described, which limits our
understanding of transmission and other fundamental aspects of their biology. Linking DNA sequences
from larvae and adults completes life cycles, and provides more accurate estimates of biodiversity, host
specificity and geographic distribution. Echinostome trematodes parasitize a range of invertebrate (e.g.
molluscs) and vertebrate hosts (e.g. birds and mammals). DNA sequencing has suggested new
species/lineages and cryptic species in North America, but limited geographic and host sampling means
that life cycles are incomplete and host specificity is unclear. We sequenced DNA at partial ND1 and
28S rRNA genes from larvae and adults recovered from 51 freshwater snails and 81 vertebrate hosts (8
bird species and 1 mammal species) collected from southern Manitoba. Phylogenetic analysis suggested
10 species/lineages: Echinostoma trivolvis lineage a and c, Echinostoma revolutum, Echinostoma
robustum, Hypoderaeum sp., Echinoparyphium lineages 2 and 3, and three new echinostome spp. Five
species/lineages infected only birds, one infected birds and muskrats, and one was only in muskrats.
Snails had eight species/lineages including two that were found in novel host species. Improving
knowledge of species diversity and host specificity aids in understanding the influence of intermediate
and definitive hosts in speciation.
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Mechanisms of Nitrogenous Waste Excretion in an Ancient Vertebrate
Mécanismes d’excrétion des déchets azotés chez un vertébré ancien
Sea lamprey (Petromyzon marinus) begin as filter-feeding larvae before undergoing a multi- staged
metamorphosis into parasitic juveniles, migrating downstream to ocean or lakes, where they ingest blood
from large bodied fishes. Blood ingestion results in increased protein intake, and elevated rates of
nitrogenous waste (N-waste) excretion to offload highly toxic ammonia and urea. These N-wastes are
excreted primarily via the gills, but it is unknown how gill structure and function change to facilitate
higher rates of excretion. This project relates changes in gill structure to changes in internal levels, and
ammonia excretion (JAmm) and urea excretion (JUrea) rates. As expected, JAmm and JUrea were low in larval
sea lamprey, but were 40% lower during the early juvenile stage. By the late juvenile phase, JAmm and
JUrea, and plasma ammonia levels increased, and a rearrangement of Rhesus glycoprotein (Rhcg1) in the
gills was observed. An accompanying increase in expression of Na+/K+-ATPase in the gills suggests that
lampreys up-regulate their capacity to excrete ammonia as they approached the blood-feeding juvenile
stage. We conclude that this re-organization serves the dual purpose of preparing the animals for the
change from filter-feeding to a protein-rich blood diet, and the transition from fresh water to sea water.
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Thyroid Hormones Act Via MAPK to Accelerate Larval Skeletogenesis in a Sea Urchin,
Strongylocentrotus purpuratus
Les hormones thyroïdiennes accélèrent la squelettogenèse larvaire via MAPK chez l’oursin,
Strongylocentrotus purpuratus
Thyroid hormones (TH) regulate development and metamorphosis in vertebrates and invertebrates.
Extensive evidence suggests that THs accelerate sea urchin larval development and are involved in the
development of juvenile structures. While potential regulatory effects of TH in non-chordates have been
reported, until now no mechanism has been characterized. Sea urchin embryos and larvae (S. purpuratus)
were exposed to varying levels of T4, T3, T2, rT3, Tetrac, and Triac. T4, T3, and T2 were found to have
an acceleratory effect on skeletogenesis. As well, T4 exposure upregulated transcription factors
responsible for skeletogenesis, including Ets1. Exposure to inhibitors of MAPK (ERK1/2) prevented the
effect of T4 on skeletogenesis and the upregulation of Ets1, suggesting that it acts via a MAPK
phosphorylation cascade. Furthermore, a competitive inhibitor of integrin αVβ3, RGD peptide, acted
antagonistically to T4. Together, these results suggest that thyroid hormones bind to an integrin
membrane receptor in sea urchin larvae, triggering a MAPK cascade and regulating skeletogenesis.
Intriguingly, sea urchin skeletogenesis shows several parallels with vertebrate angiogenesis, and may
represent a conserved module of mesenchyme cell regulation.
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Cascading Competition: The Seasonal Strength of Scramble Influences Between-Group
Contest in a Folivorous Primate (Colobus vellerosus)
Compétition en cascade: la compétition indirecte saisonnière influence la compétition intergroupe directe chez un primate folivore (Colobus vellerosus)
Resource depletion leads to scramble feeding competition and animals mitigate costs with adjustments
in ranging and activity budgets. In seasonal environments, scramble competition may increase in lean
seasons leading to shifts in the ranges of neighboring groups and cascading changes for other types of
competition. We investigated the interplay between within-group scramble (WGS) and between-group
contest competition (BGC) using four groups of ursine colobus monkeys in Ghana. These groups were
known to experience WGS and we first assessed whether this competition was occurring in both the
abundant and lean seasons. Within-season, between-group comparisons showed WGS in both seasons
but greater behavioral compensation in the lean season. We then focused on differences in ranging
behavior within-groups, between-seasons to examine whether greater WGS in the lean season
influenced the intensity of BGC (rates and “wins” of between-group encounters). In the lean season, the
largest and smallest groups ranged further per day and faced more between-group encounters with the
small, unimale group winning more often; while both middle-sized, multi-male groups shifted their
ranging towards the edge of the fragment and engaged in fewer between-group encounters, which they
usually lost. Thus, increased WGS intensified BGC and group competitiveness depended mostly on
male membership.
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The Antidepressant Venlafaxine Disrupts the Serotonergic System in the Larval Zebrafish
Brain
L’antidépresseur Venlafaxine perturbe le système sérotonergique du cerveau larvaire du
poisson zèbre
Increased antidepressant usage has caused the release of neuroactive compounds into the aquatic
ecosystem. Venlafaxine (Effexor) is commonly detected in our waterways, raising concerns that
this serotonin and norepinephrine reuptake inhibitor may disrupt neurodevelopment, and the
associated behavioral responses in non-target animals, including fish. We have previously shown
that venlafaxine reduces larval zebrafish (Danio rerio) activity. Here we tested the hypothesis that
developmental exposure to venlafaxine disrupts brain serotonin content in larval zebrafish. To this
end, we microinjected zebrafish embryos with venlafaxine (1 or 10 ng) either with or without
serotonin and NAN-190 (5HT-1A antagonist). Unlike the effect of venlafaxine on behavior,
serotonin causes hyperactivity in larval zebrafish, and this effect was abolished by NAN-190.
Zygotic deposition of venlafaxine reduces serotonin throughout the brain at 48 hours post
fertilization (hpf). This was accompanied by disruption of key markers of the serotonergic system,
including reductions in tryptophan hydroxylase 2, serotonin transporter A, and monoamine oxidase
in specific brain regions of venlafaxine exposed zebrafish larvae. Overall, zygotic exposure to
venlafaxine perturbs the activity of larval zebrafish, and this may be due to the disruption of the
serotonergic system.

ANNE E. TODGHAM*
Dept. of Animal Science, University of California Davis, Davis, CA. USA. E-mail:
todgham@ucdavis.edu
Framing Climate Change Biology in an Ecologically-Relevant Context: How Much
Environmental Complexity is enough?
Encadrer la biologie des changements climatiques dans un contexte écologiquement pertinent:
à quel point la complexité environnementale est-elle suffisante?
Our capacity to predict the effects of global change on marine ecosystems requires that we consider
the complexity of current and future environmental conditions. Single stressor experiments
commonly fail to accurately capture the tolerance of species to environmental change as organisms
live in complex, multivariate environments. In addition to examining how organisms respond to
multiple co-occurring stressors, other aspects of environmental change such as timing (e.g. serial
exposures, duration) and variability (e.g. predictable vs. stochastic, magnitude) may be important
components of environmental complexity structuring an organism’s response to change. In this talk
I will speak to issues of environmental complexity by focusing on research on early developmental
stages of Antarctic fishes (ocean warming and acidification), intertidal limpets (stochastic, serial
exposure to warming and air) and estuarine oysters (co-occurring vs. serial multiple stressors). The
hope is to initiate discussions of how we, as a research community, can best design multiple
stressor experiments that are most relevant to our species of interest but also allow for comparative
analyses of resilience to change.
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Do Cryoprotectants Really Protect Against Cold? An Experimental Evaluation of Insect
Freeze Tolerance
Est-ce que les cryoprotecteurs protègent vraiment contre le froid? Une évaluation expérimentale
de la tolérance à la congélation des insectes
Ectotherms overwintering in temperate climates may freeze, causing damage and death. Some insects
are freeze tolerant, surviving internal ice formation. However, we have limited understanding of the
mechanisms underlying insect freeze tolerance and its limits. A fall-like laboratory acclimation induces
freeze tolerance in juveniles of the spring field cricket Gryllus veletis, along with substantial changes in
its transcriptome and metabolome. Freeze-tolerant crickets accumulate three potential cryoprotectants
(myoinositol, proline, and trehalose) in their hemolymph and fat body tissue, and differentially express
several stress tolerance genes. To investigate cryoprotectant function in freeze tolerance, we elevated
their concentrations in vivo and ex vivo. No cryoprotectant – either in isolation or in combination – was
sufficient to confer freeze tolerance on freeze-sensitive morphs of G. veletis (in vivo) or their fat body
tissue (ex vivo). However, injecting cryoprotectants into freeze-tolerant crickets improved survival at
the lower lethal temperature (LLT) and lethal time (Lt). High exogenous cryoprotectant concentrations
also improved freeze-tolerant G. veletis fat body survival when frozen ex vivo. Each cryoprotectant
differentially contributed to cellular and whole organism survival of freeze-tolerant G. veletis,
suggesting that several mechanisms contribute to preventing mortality in the frozen state.
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Sink or Swim: Scaling Effects on Lifting Forces in Blue Sharks (Prionace glauca)
Couler ou nager: effets d’échelle sur les forces de levage du requin bleu (Prionace glauca)
Sharks are negatively buoyant, but resist sinking through hydrostatic lift generated from their low
density liver, and hydrodynamic lift generated from water moving around their head and pectoral fins.
Further, thrust generated from their heterocercal tail during swimming pitches their nose downwards and
is counterbalanced by hydrodynamic and hydrostatic lift to varying degrees as a shark grows. If sharks
grow isometrically, the effectiveness of these lifting surfaces would be reduced, making sharks more
prone to sinking. Thus, we hypothesize that sharks exhibit disproportionate growth of fins relative to
body mass to maintain neutral buoyancy when swimming. Blue shark (Prionace glauca) head area,
upper body volume (proportional to liver volume), pectoral and caudal fin upper lobe area, span, and
aspect ratio were analyzed with respect to body mass from dorsal and lateral images. Unexpectedly, head
and fin area and span scaled isometrically and upper body (liver) volume scaled with positive allometry
relative to mass. This suggests that larger sharks rely less on hydrodynamic lift (fins) and more on
hydrostatic lift (liver) to maintain buoyancy relative to smaller sharks, and on reduced downward nose
pitching due to area and span of the heterocercal tail being proportionally less compared to mass.
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Gill Filament Calcification: An Adaptation for Improved Respiratory Function in Hypoxia
Tolerant Fishes?
La calcification du filament branchial: une adaptation pour améliorer la fonction respiratoire
chez les poissons hypoxiques tolérants?
The structure and function of fish gills is closely linked to natural history. The factors that influence gill
surface area are well-studied, but the mechanical properties of gill tissues and how these determine
function are not well understood. In several groups of fishes, including many amphibious species, the
bases of the gill filaments are surrounded by a calcified “sheath” of unknown function. We tested two
hypotheses: (1) calcification provides structural support for the gills of amphibious fishes out of water,
and (2) calcified gill filaments enhance water flow through the gill basket, improving aquatic respiratory
function. We surveyed >100 species of killifishes and found that amphibious species tended to have lesscalcified gill filaments than fully aquatic relatives, contrary to the first hypothesis. The most calcified
filaments were instead found in the fully aquatic and hypoxia-tolerant family Poecilidae. Furthermore,
acclimation to hypoxia or warm temperatures (to increase respiratory demands) increased calcium
deposition on the gill filaments. Finally, preliminary evidence suggests that experimental decalcification
decreases the resistance of the gill basket to water flow, suggesting that respiratory surfaces were
bypassed. Overall, calcification of gill filaments may be an important adaptation for improving gill
function in hypoxia-tolerant killifishes.
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The Role of Bacteria in Ammonia Detoxification in Native Ontario Fish
Les bactéries et la désintoxication de l'ammoniac dans les poissons autochtones de l'Ontario
The digestive tract houses a complex community of bacteria, which provide the host with a suite of
benefits, such as ammonia detoxification. The contribution of bacteria to this process in fishes is not well
understood. In this study, central stonerollers (Campostoma anomalum) and rainbow darters
(Etheostoma caeruleum) were caught from 6 sites across two creeks, their intestinal bacteria
characterized, and activities of intestinal ammonia detoxification enzymes (glutamate dehydrogenase,
alanine- and aspartate- aminotransferases) assessed. Enzyme activity levels were significantly higher in
the carnivorous rainbow darter than in the herbivorous central stoneroller (p<0.001) and were
significantly different between creeks (p<0.05), and seasons (p<0.001). Sampling site did not affect
microbiome composition in the intestines of either fish species, nor was there a correlation between
bacterial composition and intestinal tract capacity for ammonia detoxification. Given that intestinal tract
bacteria come from the environment, it was expected that sampling site would affect bacterial
composition, raising interesting questions for the potential for host-level selection for bacteria.
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Temperature Fluctuations and the Expression of Alternative Oxidase and Heat Shock Protein in
the Copepod Tigriopus californicus
La fluctuation de la température et l’expression d'une oxydase alternative et d'une protéine de
choc thermique chez le copépode Tigriopus californicus
In addition to the typical electron transport system in animal mitochondria responsible for oxidative
phosphorylation, in some species there exists an alternative oxidase (AOX) pathway, which causes
electrons to bypass proton pumping complexes. The discovery of AOX in animals is recent and
further research into its expression, regulation, and physiological role has been impeded by the lack
of a versatile experimental model organism. DNA database searches using bioinformatics revealed
an AOX sequence present in the arthropod Tigriopus californicus. The physiological function of a
native AOX has never been identified in an organism that produces it. Heat shock proteins (Hsp)
are stress inducible molecular chaperones, which are responsible for protecting cellular proteins
through repairing DNA damage, and assisting in proper protein conformation. This study examines
the roles of AOX and Hsp in the tolerance to heat stress in T. californicus. This will be tested by
subjecting the copepods to five different temperatures (6, 10, 15, 22, and 28°C), and samples will
be taken after 24hours (acute) and 1week (chronic) of incubation at each temperature. By
understanding why T. californicus possesses AOX, we can better understand why other organisms,
such as humans, do not express it or have lost the AOX gene.
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Site-Selection of the Host-Manipulating Trematode, Dicrocoelium dendriticum, in the Brains
of Zombie Ants
Sélection du site du trématode hôte-manipulateur, Dicrocoelium dendriticum, dans le
cerveau des fourmis zombies
The trematode Dicrocoelium dendriticum is an iconic host manipulator. Infected ants that contain a
single larvae in the ventral region of the brain attach to flowers with their mandibles in cool
temperatures, then detach to return to their nests when it gets hot. The mechanisms underlying this
remarkable attach-detach-repeat behaviour are unknown. We test the mechanical manipulation
hypothesis by examining the nature of the host-parasite interface in infected ants at contrasting
phases of the behavioural manipulation. Using a combination of electron microscopy techniques,
we visualized the brain/parasite interface of infected ants (Formica aserva). Of all brains imaged
(n=45), there was always one larvae residing within the subesophogeal ganglion, a region of the
nervous system that is known to regulate the action of the mandibular muscles. Site selection within
this region of the brain may also facilitate manipulation of structures associated with feeding stimuli
and stimuli received by the antennae. Our results highlight the value of incorporated modern
imaging tools into the search for mechanisms underlying the vexing phenomenon of parasiteinduced alterations of host behaviour.
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Enzyme Activities in Different Intestinal Layers in Central Stoneroller (Campostoma
anomalum) and Goldfish (Carassius auratus)
Activités enzymatiques dans les différentes couches intestinales du roule-caillou (Campostoma
anomalum) et du poisson rouge (Carassius auratus)
Microbes in the gastrointestinal (GI) tract play an important role in aiding with the breakdown of
ingested nutrients. The microbiome of different regions of the GI tract have been widely studied in
freshwater fish, however, not much is known about the presence of microbes in the different
intestinal layers. In this study, we examined the enzyme activities in the different layers of the
intestine in central stonerollers (Campostoma anomalum), an herbivorous species, and goldfish
(Carassius auratus), an omnivorous species. PCR was performed to confirm the presence or
absence of bacteria in each layer of the intestine. Cellulase and trypsin enzyme assays were
conducted to determine the activities of each enzyme in the different tissue layers. It was found that
cellulase and trypsin enzyme activities were highest in the chyme of both species, which is
abundant in bacteria, and lowest in the muscle and rinsed enterocytes, which have no bacteria.
Furthermore, both enzyme activities were higher in central stonerollers compared to goldfish. These
results suggest that the presence of bacteria, in addition to having an herbivorous diet, increases
enzyme activities in the different layers of the GI tract.
EMMANUELLE VANDERMEEREN*1, F. CHRISTEN1, V. DESROSIERS1, B.A. DUPONT-CYR1, F.
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Oxidative Stress Management and Thermal Stress Tolerance in Brook Char (Salvelinus fontinalis)
Gestion du stress oxydant et tolérance au stress thermique chez les ombles de fontaine (Salvelinus
fontinalis)
Oxidative stress management appears to be a key factor in fish physiological impairment and loss of
homeostasis. Recent studies in our laboratory suggest that fish survival during a rapid increase in
temperature is dependent on the production and management of reactive oxygen species generated by
cardiac mitochondria. The present project thus aims to identify biochemical and molecular markers that
would constitute good predictors of the oxidative stress response generated by an increase in temperature
in fish, and of their stress management. We are then developing diagnostic tools to characterize the
metabolic and physiological status of a species of major importance in Quebec, the brook char
(Salvelinus fontinalis). The combination of the most relevant markers should reflect fish health and
robustness as well as their survival potential under stress conditions.
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The Ecology of Individual Differences Applied to Resource Selection and Movement Tactics
L’écologie des différences individuelles appliquée aux choix de ressources et les tactiques de
mouvements
For some time now understanding the causes and consequences of consistent individual differences in
behaviour has preoccupied behavioural ecology. Despite exploration into many behaviors that fall within
the classical paradigm of animal personality, little attention has been given to movement and its links to
resource selection. We applied a behavioral reaction norm framework to test whether individual caribou
(Rangifer tarandus) displayed plasticity in area-restricted search (tendency to concentrate search upon
encountering a resource) quantified using first-passage time and range use intensity behaviours across a
putative foraging resource gradient. Our results suggest that individuals adjusted range-use, but not firstpassage time, to maximize access to higher quality foraging resources. First-passage time and range-use
were repeatable, while plasticity in first-passage time was correlated with plasticity for range-use.
Individuals may, therefore, not be matching the foraging landscape to maximize access to foraging
resources; a result that suggests the distribution of current behavioural phenotypes do not match the
distribution of foraging resources on the landscape. Taken together, we highlight repeatable movement
and space-use tactics, and provide insight into how landscape processes may affect the distribution of
behavioural phenotypes, and potentially fitness and population dynamics, through individual plasticity in
movement.
MATHILAKATH M. VIJAYAN* AND C. DAS
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Rapid Effect of Cortisol on Glucocorticoid Receptor Dynamics in Trout Hepatocytes
L’effet rapide du cortisol sur la dynamique des récepteurs glucocorticoïdes chez les
hépatocytes des truites
Cortisol rapidly activates stress-signalling pathways in trout hepatocytes; however, the mechanisms
are far from clear. Recent studies suggest that this rapid non-genomic action of cortisol may
involve cytosolic glucocorticoid receptor (GR) activation. Therefore, we tested the hypothesis that
cortisol rapidly translocates cytosolic GR to the plasma membrane and facilitates the rapid
activation of stress signalling pathways in rainbow trout (Oncorhynchus mykiss) hepatocytes. GR
distribution in hepatocytes was confirmed by immunohistochemistry using a trout-specific GR
antibody. Within minutes of cortisol addition, GR rapidly translocated to the cell periphery and this
was maintained for 30 minutes post-hormone addition. However, this GR transfer was inhibited by
EGTA suggesting that the GR translocation was dependent on extracellular calcium. Indeed,
inhibition of calcium release-activated calcium (CRAC) channel completely abolished the rapid
effect of cortisol on intracellular GR dynamics. Also, rapid GR translocation to the plasma
membrane in response to cortisol was hindered by changes to the membrane properties, and this
corresponded with alterations in intracellular calcium levels as evidenced by ratiometric imaging.
Overall, the rapid cortisol-induced translocation of GR to the plasma membrane is mediated by
CRAC channel activation, and this response may also be modulated by membrane alterations in
trout hepatocytes.
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Demonstrating the Suitability and Sensitivity of Cell Lines from Lake Sturgeon to
Assess The Cytotoxicity of The Field Lampricide 3-trifluoromethyl-4-nitrophenol
Démonstration de l'acceptabilité et de la sensibilité des lignées cellulaires de l'esturgeon jaune
pour évaluer la cytotoxicité du lampricide 3-trifluorométhyl-4-nitrophénol
Lampricides are biocides used to control the population of sea lamprey, an invasive species, in the
Great Lakes. The most common field lampricide is 3-trifluoromethyl-4-nitrophenol (TFM), which
targets larval sea lamprey. There is increasing concern about TFM’s non-target effects on fishes,
particularly threatened populations of juvenile lake sturgeon (LS). Fish cell cultures are good
alternative models for assessing consequences of TFM toxicity. Recently, our group has established
five cell lines from the liver, gill, skin and intestinal tract of juvenile LS. Here we demonstrate the
suitability and sensitivity of these lines in lampricide toxicology using high throughput bioassays.
TFM cytotoxicity was fluorometrically assessed by two indicators dyes, Alamar Blue and CFDAAM. Calculated 24-h EC50 values were compared between the cell lines and to the reported in vivo
12-h LC50s. Cell lines’ sensitivity to TFM correlated with known TFM sensitivity of corresponding
tissues in vivo. EC50 values for the LS liver epithelial cells was significantly lower than the EC50 for
the rainbow trout liver epithelial cells (RTL-W1), correlating with the in vivo observation that LS
was generally more TFM-sensitive than rainbow trout. Our data suggests that whole-fish sensitivity
of LS to TFM is likely attributable to sensitivity at the cellular level.
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Towards the Understanding of Innate Immunity in Amphibians: Sensing Extracellular
Viral dsRNA by Class A Scavenger Receptors
Vers la compréhension de l'immunité innée chez les amphibiens: détection de l'ARNdb viral
extracellulaire par les récepteurs piégeurs de classe A
Class A scavenger receptors (SR-As) are a family of five cell surface receptors defined for their
ability to bind a number of polyanionic ligands. Additionally, SR-As are important in innate
immunity as they bind pathogen-associated molecules including viral double-stranded RNA
(dsRNA), a potent inducer of the innate antiviral immune response. In mammals and fish, SR-As
are required for the uptake of dsRNA, which leads to the expression of interferon (IFN) and
interferon-stimulated genes (ISG) that are essential to establish an antiviral state against viral
infection. While a great depth of knowledge on SR-A biology has been gained from the mammalian
perspective and recently broadened to fish, very limited research on amphibian SR- As is available.
We identified all five SR-As in North American amphibian species and demonstrated their
ubiquitous and varied expression profile in our library of newly generated amphibian cell lines.
Using novel ligand biochemistry, we showed that amphibian SR-A proteins were functional in
amphibian cells and that the downstream ISG expression was abolished when the SR-A activity
was blocked. Our work contributes to the broad understanding of innate antiviral immunity in
amphibians, especially in the current climate of serious ranavirus infection affecting amphibians
worldwide.
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Usefulness of the Fish Cell Line eelB in the Discipline of Environmental Radiation
Biology
Utilité de la lignée de cellules de poisson eelB dans la discipline de la biologie du rayonnement
environnemental
Cell lines have been indispensable tools in radiation biology and biophysics. The ability of single
cells to grow into colony-forming units is called clonogenic and is useful in studying the extent of
cellular damage or oncogenic transformation caused by radiation. In the environmental
radioprotection framework, extrapolating mammalian datasets to predict possible consequences for
fish is not appropriate. An alternative approach is to use fish-derived cells. However, unlike
mammalian cell lines, fish cell lines are notoriously not easy to become clonogenic and also
notoriously slow-growing, limiting the outcome productivity. Here we report the special clonogenic
property of an eel endothelial cell line, eelB, and the characterization of its responses to low-LET
radiation. eelB’s response to gamma radiation followed a model linear-quadratic relationship
between radiation dose and cell survival. A radioadaptive-like response was observed in progeny
cells that survived 5 Gy and developed lethal mutations. Radiation damage was influenced not only
by dose but also by dose rate. The mitochondrial potential response to gamma radiation in eelB
cells was biphasic: mitochondria hyperpolarized 2 h and then depolarized 5 h post-irradiation.
eelB’s mitochondria were persistently depolarized after a 7-day beta-emitting tritium exposure.
Taken together, eelB can be a useful model in environmental radiobiology.
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Functional Characterization, and Transcript Expression Analysis of three GnRHrelated Peptide Receptors in the Disease Vector Aedes aegypti
Caractérisation fonctionnelle et analyse d'expression de transcription de trois récepteurs
peptidiques reliés au GnRH dans le vecteur de maladies Aedes aegypti
The adipokinetic hormone/corazonin-related peptide (ACP) is an insect neuropeptide structurally
intermediate between corazonin (CRZ) and adipokinetic (AKH) hormones, which all demonstrate
homology to the vertebrate gonadotropin-releasing hormone (GnRH). AKH is best known as a
substrate liberator of proteins, lipids, and carbohydrates and CRZ has been shown to function in
pigmentation, ecdysis, or in cardioacceleration. To date, the function of the ACP signaling system
remains unclear. Here, we identified the Aedes aegypti ACP receptor (ACPR), obtained three AKH
receptor variants, and further, we identified the CRZR receptor. Functional deorphanization of these
three receptors using a heterologous binding assay revealed that these receptors exhibit a highly
specific response for their native ligands. Developmental expression profiling using RT-qPCR
identified enrichment of ACPR, ACP, AKHR, and CRZR after adult eclosion. Tissue-specific
expression profiling using RT-qPCR in adult mosquitoes identified ACPR in the central nervous
system, including significant enrichment within the abdominal ganglia and the transcript encoding its
ligand, ACP, enriched in the brain and thoracic ganglia. CRZR and AKHR was detected in a variety
of organs including head, thoracic ganglia, primary and secondary reproductive organs, as well as
male carcass.
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Natural History of the Nematode Beta-tubulin Family and its Impact on Anthelmintic Resistance
L’évolution des beta-tubulines chez les nématodes et son impact sur la résistance
anthelminthique
Resistance to anthelmintic drugs is commonplace in parasitic nematodes of livestock and a growing
concern for the recent mass drug administration programs in humans. The best studied class of drugs are
the benzimidazoles (BZ), which prevent microtubule formation. The free-living nematode,
Caenorhabditis elegans, has six beta-tubulin genes (tbb); mutations in only one of these, ben-1, appear
to confer resistance. Conversely, the sheep parasite, Haemonchus contortus, has four beta-tubulin genes,
of which two have been associated with resistance. To better understand the functional and evolutionary
relationships between the beta-tubulin genes of different nematode species, I undertook to characterize
and compare the gene families across 85 species. We discovered considerable copy number variation
(CNV), from one beta-tubulin gene in Trichinella spiralis to seven copies in Ascaris suum. Their
phylogenetic relationships are complex. The inclusion of expression data helped explain species
variability to BZ drugs. In addition to presenting the phylogenetic analysis, I will discuss: 1) The
likelihood of BZ resistance developing in different nematode species, 2) The importance of considering
CNV when developing molecular diagnostics, 3) The shortcomings of a C. elegans centric gene
nomenclature to identify relationships across the phylum.
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Establishment and Characterization of Mesothelial Cell lines from Rainbow Trout
(Oncorhynchus mykiss)
Etablissement et caracterérisation de lignées de cellules mésothéliales de la truite arc-enciel (Oncorhynchus mykis)
The use of cell-lines for in vitro studies in laboratories has been increasing as the cost and ethical
regulations to use live organisms for experimental testing increases. To date, close to one hundred
thousand cell lines have been reported in the scientific literature (Cellosaurus), most of which are human
derived. Only a fraction of that number exists for other organisms such as insects and fish. Fish cell lines
are robust and highly tolerant to changing conditions such as nutrient concentrations and temperature
fluctuations. This makes fish cell lines relatively easy to establish and maintain. In this study, we discuss
the ease of establishing cell lines from rainbow trout (Oncorhynchus mykiss) and characterize cell lines
developed from adult rainbow trout mesothelium. Mesothelial cells line body cavities, e.g. peritoneum,
and form the outer lining of organs located within those body cavities. They function to transport
particulates and fluids, protect internal organs and aid in wound healing. Established mesothelial cell lines
will serve as tools to study mechanisms of tissue differentiation and growth, including adipogenesis,
mesothelial driven wound healing, and the role of mesothelial cells in epithelial to mesenchymal
transdifferentiation.
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Seasonal Variation in Conspecific Attraction and Resource Dispersion Dictate Social
Network Structure and Space-use in a Gregarious Ungulate
La variation saisonnière d’attraction entre conspécifiques et la dispersion des ressources
détermine la structure des réseaux sociaux et l’utilisation de l’espace chez un ongulé grégaire
Animals use a variety of cues to assess habitat quality when resources vary spatiotemporally. The
resource dispersion hypothesis (RDH) proposes animal space-use and social organization are driven by
the abundance and distribution of resources, whereas the conspecific attraction hypothesis (CAH)
proposes animal space-use varies based on the distribution of conspecifics rather than the location of
resources. We tested the RDH and the CAH in caribou (Rangifer tarandus). We estimated inter-annual
site fidelity and constructed networks representing home- range overlap and social associations. We
found home-range overlap and social associations were related to resource distribution in summer and
conspecific attraction in winter. In summer, when resources are relatively homogeneously distributed,
inter-annual site fidelity was high and home-range overlap and social associations were low. In winter
when resources are relatively patchily distributed, inter-annual site fidelity was low and home-range
overlap and social associations were high. This suggests that caribou use spatial cues associated with the
distribution of forage resources in the summer and conspecific attraction in winter. Caribou populations
are declining, and our finding that conspecific attraction can affect forage acquisition suggests that
disturbance and fragmentation of habitat could limit caribou social association, particularly in winter
when access to resources may be inhibited.
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There is a New Kid in Town: Discovery of a Novel, Highly Conserved Ammonia
Transporter
Il y a un nouveau venu en ville: découverte d'un nouveau transporteur d'ammoniac de
structure trѐs conservée
A microarray analysis revealed that exposure of green crabs (Carcinus maenas) to elevated pCO2 levels
causes a down-regulation of a branchial expressed, so far not described transcript, which belongs to the
major facilitator superfamily (MFSD14). Sequence analysis showed that this orphan transporter
contains 12 transmembrane domains and is highly conserved within the animal kingdom (72% AA
similarity between human and Trichoplax), underlining its importance in cellular regulation. In green
crabs MFSD14 is expressed in all tissues so far investigated including the gills and antennal gland.
Transcript downregulation of MFSD14 in gills of the crabs was confirmed by qPCR after 7 days of
exposure to either 1 mM NH4Cl or 300 Pa CO2, indicating relevance to acid-base homeostasis. When
expressed in frog oocytes transport of radioactive labeled CH3NH2 was observed. A more detailed
analysis of heterologous expressed MFSD14 in oocytes employing NH4+ and H+ selective
microelectrodes verified NH4+ transport capacity. The discovery of this novel ammonia transporter may
well be the long sought- after answer to the questions of how cellular NH4+ (99% of total ammonia
within the cytoplasm) is excreted either into the body fluids or, in case of epithelia cells, into the
environment.
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Evolutionarily-Conserved Mechanisms of Nutrient Acquisition in an Ancient Vertebrate, the
Pacific Hagfish (Eptatretus stoutii)
Les mécanismes d’acquisition des nutriments sont évolutivement conservés chez un ancien
vertébré, la myxine du Pacifique (Eptatretus stoutii)
Hagfish are useful models for comparative evolution as they occupy the basal position in vertebrate
phylogeny. The carnivorous hagfish prefer carbohydrate energy, but utilize fat-fuelled energy
sources as fasting progresses. The objective of the present study was to characterize the mechanisms
of nutrient acquisition in the Pacific hagfish (Eptatretus stoutii) hindgut, examining each
macronutrient: carbohydrate (glucose), fat (oleic acid) and protein (alanyl-alanine). Radiotracer flux
analysis reveals regulated flux of each nutrient type, indicative of regulated transporters for glucose
(Km 0.37 mM, Jmax 8.48 nmol/cm2/h), oleic acid (Km 55 µM, Jmax 1131 pmol/cm2/h) and alanylalanine (Km 1071 µM, Jmax 70 nmol/cm2/h). Mechanisms of glucose acquisition appear conserved
with mammals wherein both glucose transporters (GLUT) and sodium-glucose linked transporters
(SGLT) were pharmacologically inhibited by cytochalasin b (34% decrease) and phlorizin (83%
decrease), respectively. Although insulin induced a 71% decrease in plasma glucose concentration,
oleic acid transport was unaffected by insulin application (average uptake rate 2741± 262
pmol/cm2/h), similar to the mammalian intestinal isoform of the fatty acid transporter. As in
numerous other teleosts, dipeptide transport was decreased by 48% in a sodium-limited
environment. Overall, this study demonstrates evolutionary conservation of nutrient acquisition
strategies for multiple substrates in the oldest extant vertebrate.
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Effects of Social Environment on the Heat Shock Response of a Self-Fertilizing AirBreathing Fish
Les effets de l’environnement social sur la réaction du choc thermique chez un poisson à
respiration aérienne et auto-fertilisant
The goal of our study was to investigate the effects of social environment on the heat shock response
(HSR) in one isogenic lineage of mangrove rivulus (Kryptolebias marmoratus). We acclimated fish for
two weeks in small chambers either alone or in a pair with a diel thermal cycle of 25-30°C. Paired fish
were either separated by a mesh barrier allowing sight and smell but no physical interaction or allowed
to interact physically. We then increased the temperature to 39°C over 5 h at a rate of 2.6°C/h, and after
1 h at this temperature, we returned the fish to 25°C at the same rate. After 24 h at 25°C, we measured
heat shock protein 70 (HSP70) with immunoblotting. Isolated and paired fish induced HSP70 for the
most part, but we show that the nature of social interaction, and specifically the extent of physical
interaction influences the HSR in this lineage. Paired fish allowed to fully interact have a more robust
HSR than fish separated by a mesh barrier. Our preliminary conclusion is that the social environment
affects how fish respond to an acute thermal stress.
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Temperature, Lampreys and Arrhenius: Why Invasive Sea Lampreys (Petromyzon marinus)
are More Tolerant to Lampricides in the Summer
Température, lamproies et Arrhenius: pourquoi les lamproies (Petromyzon marinus) envahissantes
sont plus tolérantes au lampricide pendant l’été
In the mid-20th century, Great Lakes fisheries were decimated by invasive sea lampreys. Lamprey were
subsequently controlled using a combination of barriers, traps and the lampricide, 3-trifluoromethyl-4nitrophenol (TFM), which targets larval lamprey in their nursery streams. However, seasonal
differences in lamprey sensitivity to TFM could undermine treatment success. We tested the hypothesis
that the TFM sensitivity of larval lamprey was greatest in spring, when energy reserves would be
lowest, compared to summer. Toxicity tests revealed that the 12-h LC50 was lowest in spring, increased
almost 3-fold in late summer, before decreasing by 50% in autumn. However, liver glycogen reserves
and carcass lipid reserves were not significantly different. When animals collected at the same time, but
acclimated to low (6°C) and warm (21°C) temperatures, were exposed to TFM, the 12-h LC50 was 2.5fold greater at 21°C. Paradoxically, rates of TFM uptake were greater at 21°C. We suggest that the
greater tolerance of lamprey to TFM in summer is due to an increased capacity to detoxify TFM in
warmer waters. Although lampreys have limited capacity to detoxify TFM, the activities of the phase II
enzymes required to detoxify TFM would be greater in warmer water, increasing lamprey tolerance to
TFM in summer.
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Immunohistochemical Evidence of Branchial Expression of the H+/K+ ATPase Atp4a and
Atp4b Subunits in the Teleost Oreochromis niloticus
Preuve immunohistochimique de l'expression branchiale des sous-unités H+/K+ ATPase Atp4a
et Atp4b dans le téléostéen Oreochromis niloticus
Ion and acid-base regulation in fishes are linked through ion transport proteins in the ionocytes of the
gills. The H+/K+-ATPase (HKA), which is comprised of HKα1 (gene: atp4a) and HKβ (gene: atp4b)
subunits, uses ATP hydrolysis to drive the exchange of intracellular protons for external potassium ions.
The role of the HKA in stomach acidification is well documented; however, its role in extra-gastric
organs such as the gill and kidney is less clear especially in teleost fishes. In earlier work we have
demonstrated in Nile tilapia (Oreochromis niloticus) uptake of the K+ surrogate flux marker rubidium
(Rb+) in vivo and that in ex vivo gill and kidney preparations the Rb+ uptake is inhibited by omeprazole
and SCH28080; specific HKA inhibitors. Specific antibodies against tilapia Atp4a and Atp4b subunits
have been developed and validated to determine the cellular localization of the HKA. Using
immunohistochemistry we have demonstrated an apical localization of both subunits in gill NKA rich
ionocytes in tilapia gill. Taken together, our results indicate that the apical HKA in the fish gill is
involved in potassium uptake. Potassium balance is of particular important for the proper functioning of
excitory tissues.
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Remembering Gordon McDonald: Using Environmental Physiology to Set Environmental
Policy
À la mémoire de Gordon McDonald: la physiologie environnementale au service de la politique
environnementale
I had the pleasure of collaborating with Gord for >30 years. He was trained in environmental physiology
(fish gill morphology under hypoxia, crab respiratory physiology) by Brian McMahon and maintained a
strong basic research program in respiratory, acid-base, and ionoregulatory physiology throughout his
career. He was my first postdoctoral fellow, and in 1978, at McMaster University, we initiated an applied
research program on the physiological impacts of acid rain on fish. Throughout the rest of his career,
Gord continued to make seminal research contributions in applied environmental physiology that
contributed to environmental policy. I will highlight some of these, which in addition to acid rain effects
included the impact of metals, particularly aluminum and copper, climate change, and transport stress on
fish, aquacultural issues, electrofishing, lamprey control, and the impacts of barrier dams. I will also talk
about some recent applied physiological research that I think Gord would have enjoyed: the use of gill
transepithelial potential (TEP) as a metric to regulate major salt toxicity in the environment. (NSERC
Discovery, Rio Tinto).
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V. ELLS, K. EYKING, J. FLETCHER, M. FORGERON, K. GARROW, C. HENNESSEY, J.
HICKS, T. HOLDEN, L. MACDONALD, A. MACKENZIE, J. MACLENNAN, E. MALTBY, C.
MARCHAND, A. MATYSEK, M. MCCARRON, G. MCLAUGHLIN, R. MURPHY, W. NG, A.
ORASANIN, E. PATERAS, M. PEILL, S. PELTEKIAN, T. REID, S. SEMADENI, J. TAIT, C.
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Sentinel Behavior in American Crows During Autumn in Nova Scotia
Comportement sentinelle chez les corneilles d'Amérique pendant l'automne en Nouvelle-Écosse
Many corvids use sentinel behaviour, perching above a group of relatives and producing warning
vocalizations to communicate information about approaching predators. Sentinels probably contribute to
cooperative breeding in American Crows. However, it is not known whether sentinel behaviour persists
after crows transition from foraging in family groups through the summer to larger aggregations through
the winter. Formation of such murders, as occurs during the autumn in Nova Scotia, should theoretically
kill the kin selective benefits of sentinel behaviour. To gather evidence on sentinels during the autumnal
transition period, we conducted surveys and experiments on groups of crows in Antigonish, Nova Scotia.
Surveys recorded a diversity of group sizes, and proportions of crows on the ground versus crows
perched (in putative sentinel positions) that ranged from 0 to 100% in either position. A first experiment
using approaching humans as a threat did not cause substantially different behaviours between ground
foraging crows and perched crows. A second experiment using an approaching model of an owl caused
more vocalizations by perched crows, and faster dispersal by ground crows. These data are consistent
with sentinel behaviour in American Crows, at least while some groups are foraging in autumn in Nova
Scotia.
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Functional Genomics Analyses of the Molecular Mechanisms Involved in Atlantic
Salmon Responses to The Bacterial Pathogen Piscirickettsia salmonis
Analyses génomiques fonctionnelles des mécanismes moléculaires impliqués dans les réponses du
saumon atlantique au pathogène bactérien Piscirickettsia salmonis
Piscirickettsiosis, caused by the intracellular Gram-negative pathogen Piscirickettsia salmonis, is one of
the most economically important diseases of salmonids. Atlantic salmon parr were infected with the
EM- 90-like P. salmonis isolate to investigate the genes and molecular pathways involved in
piscirickettsiosis. All fish of the challenge group were intraperitoneally injected with 0.1 ml of bacterial
inoculum (inoculum titer 10^0.83 TCID50/ml), while fish in the control group were injected with 0.1 ml
of MEM. Mortalities began 20 days post-injection (DPI), and reached ~30% by the end of the trial.
Expression of four anti-bacterial biomarker transcripts (CAMPb, HAMPa, IL8a, sTLR5a), as well as
pathogen load, was initially measured using qPCR on head kidney samples. The transcript expression of
these genes except HAMPa, as well as pathogen load, peaked at 21 DPI. Multivariate statistical analyses
(e.g. PCA) were used to classify the fish into low and high infection groups. Five fish from each group
(mock control, low and high infections) at 21 DPI were selected for transcriptome profiling using
Agilent 44K microarrays followed by qPCR validation. Functional annotation of P. salmonis-responsive
biomarkers and gene ontology enrichment analysis will provide insight into the molecular mechanisms
involved in salmon response to P. salmonis infection.
GWANGSEOK R. YOON*1, D. DESLAURIERS2 AND W.G. ANDERSON1
1
Dept. of Biological Science, University of Manitoba, Winnipeg, MB. Canada; 2Freshwater Institute,
Fisheries and Oceans Canada, Winnipeg, MB. Canada. E-mail: yoongs@myumanitoba.ca
Effects of Hatching Conditions on Energy Density and Aerobic Scope of Age-0 Lake
Sturgeon, Acipenser fulvescens
Effets des conditions d’éclosion sur la densité énergétique et la portée aérobique des alevins
d’esturgeon jaune, Acipenser fulvescens
Many previous studies have indicated that altering environmental conditions during early life history
can have a profound impact on the developmental trajectory in fish. In this study, we examined the
effects of fixed (maintained at 16°C) or variable (ambient river temperature (ARTR) temperature
profiles, prey condition (live or dead Artemia) and hatching method (tumbling jar or natural hatching
over substrate) on the energy density (ED) and metabolic rate of age-0 Lake Sturgeon. Our results
indicated that Lake Sturgeon reared under ARTR conditions showed higher standard metabolic rate
than those raised at 16°C, but no differences in maximum metabolic rate or aerobic scope were
observed. Further, the different hatching methods did not result in differences in ED or aerobic scope.
However, fish fed dead prey had significantly higher energy density during the summer in comparison
to fish fed live prey (p<0.001). In this presentation, I will discuss how alterations of rearing
environments during early development stages can contribute to the enhanced survival rates of age-0
Lake Sturgeon, a species at risk across most of its natural range in Canada.
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Molecular Characterization of the Peripheral Nervous System in the Pond Snail
(Lymnaea stagnalis)
Caractérisation moléculaire du systéme nerveux périphérique chez l’escargot Lymnaea stagnalis
The freshwater snail Lymnaea stagnalis is an effective model for observing the links between sensory
cues and the resultant adaptive behaviours. However, the exact genes and cell types which are
responsible for mediating sensory responses in the peripheral nervous system have not been well
studied. A catalog of genes that encode the tools these snails putatively use to sense either chemical or
physical stimuli has been compiled. A subset of potentially “sensory genes” have been quantified via
reverse transcriptase quantitative PCR (RT-qPCR) in tissues expected to play varying roles in sensory
processing. Thus far, it appears that tissues expected to play roles in sensory processing do not
necessarily show a higher expression of these “sensory genes”. In situ hybridization is currently being
employed to complement the RT-qPCR and identify areas of localized expression in sensory tissues.
RT-qPCR and in situ hybridization form a complementary system for surveying neural specific gene
expression and may lead to new working systems for studying the structure of the nervous system when
combined with fluorescent in situ hybridization. This research will ultimately set the stage for future
research to block expression of “sensory genes” and test the functions of the neurons which express
them.
SANA ZABIHI-SEISSAN*, C.M. PROKOPENKO AND E. VANDER WAL
Dept. of Biology, Memorial University of Newfoundland, St. John’s, NL. Canada. E-mail:
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Gray Wolves (Canis lupus) Follow the Prey Habitat and Prey Catchability Hypotheses in a
Multi-Prey System
Les loup gris (Canis lupus) suivent les hypothèses de l’habitat des proies et de la capturabilité
des proies dans un système avec multiple proies
Predators have more than one means by which they can track the distribution of their prey on the
landscape. These alternative tactics are described by the prey abundance hypothesis for prey that are
aggregated in space, the prey habitat hypothesis for uniformly distributed prey, or the prey catchability
hypothesis for prey that are more difficult to capture. The gray wolf, a generalist predator, likely
employs multiple tactics when diverse prey with distinct distributions and behaviour are available. We
conducted a study on 9 GPS collared wolves in three packs in Riding Mountain National Park,
Manitoba, where wolves prey on moose (Alces alces) and elk (Cervus canadensis). We evaluated wolf
selection for prey density, habitat selection and vulnerability on the landscape through Resource
Selection Analysis, Wolves selected for moose and elk vulnerability, and moose habitat selection,
supporting the prey catchability and prey habitat hypotheses. Surprisingly, wolves avoided moose and
elk density, which highlights the ongoing space race between predator and prey. Therefore, wolf spaceuse is driven by the resources of their primary prey, thereby increasing encounters, and areas on the
landscape which improve attack success of their large bodied prey. This work illustrates the role
landscape variation plays in predator-prey dynamics.
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Some Like it Hot: Swim Performance and Thermal Preferences of Atlantic Salmon
(Salmo salar)
Certains l'aiment chaud: performance de natation et préférences thermiques du saumon
atlantique (Salmo salar)
Temperature is an important factor that affects all organisms due to its effect on rates of biochemical
reactions; however, it is most important in ectotherms because their internal temperature is closely
linked with the environment. Global climate change models predict that water temperatures
worldwide will continue to rise, and this increase in temperature may challenge the capacity of
aquatic organisms to persist in their current habitats. This capacity will depend in part on the degree
to which organisms can respond to any change in temperature through phenotypic plasticity or
genetic adaptation. Our project aims to further understand how plasticity and genetic adaptation
shape thermal performance in Atlantic salmon (Salmo salar). We examined phenotypic plasticity by
rearing our salmon at two different temperatures, and examining genetic variation by looking at
three different populations. We measured critical swim speed (aerobic) and burst swim speed
(anaerobic) across 8 temperatures. Preliminary data has showed differences in burst speed across
rearing temperatures, but not across populations. These thermal performance measures were then
linked to assessments of temperature preference. We will discuss how these data can help to
understand how fish will respond to changing thermal environments.
FABIO S. ZANUZZO*, D.A. RAMSAY, A. BEEMELMANNS, R.M. SANDRELLI AND A.K.
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Influence of Temperature and Hypoxia on the Stress Response of Atlantic Salmon (Salmo
salar) and Steelhead Trout (Oncorhynchus mykiss)
Réponse du saumon atlantique (Salmo salar) et de la truite arc-en-ciel (Oncorhynchus mykiss) face
aux stress thermique et hypoxique
Water temperature and oxygen can fluctuate daily and seasonally, and affect the physiology, health,
survival and distribution of fishes. Given the projected impacts of climate change on these key
environmental parameters, we determined the temperature at which two salmonids begin to experience
thermal stress when exposed to acute (10-24°C, 2°C/h – Steelhead Trout) and chronic (12-23°C,
1°C/week – Atlantic Salmon) temperature increases, and the latter challenge when combined with
hypoxia (70% air saturation). Further, we compared post-stress (30s air- exposure) cortisol levels in
12°C–acclimated salmon vs. those exposed to a chronic incremental increase to 20oC. These studies
showed that: 1) when exposed to an acute or a chronic temperature increase, 20-21oC is when fish begin
to show signs of stress (based on plasma cortisol and catecholamine levels, and cortisol levels,
respectively), and that stress levels increase quickly thereafter; 2) cortisol levels were much higher
during the acute thermal challenge (max. ~180 vs. 40 ng mL-1); 3) hypoxia had no impact on cortisol
levels during the incremental temperature challenge; and 4) post-stress cortisol levels peaked earlier
and were higher in salmon held at 20°C (1h, ~200 ng mL-1) vs. 12°C-acclimated fish (2h, ~125 ng mL1
). The implications of these results will be discussed.
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Characterizing Diet and Growth of Silver Hake (Merluccius bilinearis), a Species
Invading the Gulf of St. Lawrence
Caractériser l'alimentation et la croissance du merlu argenté (Merluccius bilinearis), une
espèce qui envahit le golfe du Saint-Laurent
Increases in ocean temperatures are driving the shift of marine species’ distributions into regions
which were previously unsuitable, which may result in ecological consequences for native species
such as altered predator-prey interactions. A species that is undergoing distribution shifts in the
Northwest Atlantic is silver hake (Merluccius bilinearis), a small gadoid fish historically distributed
from Georges Bank to the Scotian Shelf. Following the occurrence of exceptionally warm
temperatures in the Gulf of St. Lawrence (GSL) since 2010, anomalous abundances of silver hake
have been recorded by DFO RV surveys in the northern GSL, suggesting a dramatic northwards
expansion of its range. Silver hake is of interest because it matures rapidly and is known to be an
important predator of both invertebrates and fishes. Using silver hake samples caught during survey
trawls from 2015-2017, we quantified the trophic role of this species in its new habitat using
stomach contents analyses. Age estimation and measurement of otoliths were used to determine
rates of growth in this new environment. Our study provides new insights on the implications of
shifts in geographic distributions and interactions at the northern edge of a geographic range.
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The Physiology of rhcgb-null Zebrafish Acclimated to a Low Sodium Environment
La physiologie du poisson zèbre rhcgb-nul acclimaté à un environnement à faible teneur en sodium
The ammonia-transporting Rhesus glycoprotein Rhcgb plays a significant role in ammonia excretion in
zebrafish (Danio rerio). Rhcgb also is believed to facilitate Na+ uptake in environments of extremely
low Na+ content (< 10 μmol/l) by promoting an outwardly directed pH gradient that drives Na+/H+
exchange by Na+/H+-exchanger 3b (NHE3b). We generated rhcgb null mutant zebrafish to better
elucidate the importance of Rhcgb in both ammonia excretion and Na+ uptake in larval and juvenile
zebrafish. We hypothesized that compared to wild-types, rhcgb knockouts would have lower ammonia
excretion rates and be unable to sustain Na+ uptake in low Na+ conditions. Contrary to our hypothesis,
however, larval and juvenile rhcgb null mutants had significantly greater ammonia excretion rates than
wild-types. In low Na+, rhcgb knockout had no effect on Na+ uptake in larvae, but reduced Na+ uptake
in juveniles suggesting that Na+ uptake mechanisms change or become less plastic over development.
Perhaps most interestingly, morpholino knockdown of NHE3b significantly reduced Na+ uptake in both
wild-type and rhcgb mutant zebrafish. Thus, this study provides the first evidence for Rhcgbindependent NHE3b function in zebrafish.
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Using Data Storage Tags to Study Fish Physiology and Behaviour
Utilisation de balises de stockage de données pour étudier la physiologie et le comportement du
poisson
Data storage tags (DSTs) record and store information about fish and their environment. Star-Oddi
has recently made a DST available that simultaneously records heart rate (ECGs), 3-D acceleration
and temperature, however, no studies have been performed using these DSTs or determined the
quality / value of the data collected. Thus, my research asks: do these DSTs provide accurate and
meaningful data? To examine this question, large Atlantic salmon (Salmo salar, ~ 2.3 – 3.3 kg)
were surgically implanted with DSTs and held in a large (3.5 m diam. x 2.5 m deep) tank with
conspecifics for 1 week at 10oC while data was continuously recorded. In a separate experiment,
salmon (~ 1.5 kg) were surgically implanted with DSTs, then swam at increasing speeds in a swim
tunnel after 1 week of post-surgical recovery. My poster will report on a number of aspects of these
studies: e.g. 1) how heart rate (HR) and parameters derived from the accelerometry data (activity)
change post-surgery and diurnally in free-swimming salmon; 2) how HR and activity metrics
change with swimming speed, and whether the latter can be used to predict the activity of salmon;
and 3) information on the use, and potential limitation(s), of these DSTs.
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