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Ocean Tracking Network (OTN) Canada Network Overview  

1.	
  Network	
  objectives	
  	
  

1.1	
  Overall	
  objectives	
  of	
  the	
  network	
  	
  

The paramount objective of the OTN Canada Network is to better understand changing ocean dynamics 
and their impact on ocean ecosystems, animal ecology, and ocean resources, with the aim to address 
critical issues in resource management and implications for ocean governance.  

Within this context, OTN Canada has three overarching questions:  
1) What are the physical, chemical, and biological oceanographic linkages that determine the population 
structure, dynamics, movement and critical habitat of marine organisms? 2) How will climate variability, 
change and anthropogenic activities affect the distribution and abundance of marine organisms? and 3) 
What are the ocean governance implications, including social, economic and legal dimensions, of OTN 
findings?  

Under the umbrella of these larger issues, OTN Canada research will directly address one key, 
integrative question across the entire Canadian continent and its three ocean Arenas (the Atlantic, Arctic 
and Pacific): What are the movements of continental shelf marine animals, how do these movements 
affect species interactions, and what are the consequences of environmental variability/change and 
human activities on these species’ distributions and abundance?  
OTN Canada is organized around five key research themes within and across Canada’s three Ocean 
Arenas (the Atlantic, Arctic and Pacific).  

 
We are focusing our investigations on key species of interest and on sharing and integrating research 
strategies, expertise and emerging technologies to understand changing marine ecosystems across 
Canada. To assure comparison across the Arenas, included for each Arena are measurements of 
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oceanographic characteristics and variability at various spatial and temporal scales, movements of key 
species at several trophic levels, and analysis of key acoustic “bioprobes” (animals that carry tags which 
record locations visited, ocean conditions and interactions with other tagged animals) and “roboprobes” 
(remotely controlled gliders that measure physical, biological and chemical conditions) to complement 
measurements from fixed OTN curtains. Ultimately, information obtained will be exploited to address 
socioeconomic and resource management issues.  

2.	
  Progress	
  and	
  integration	
  of	
  the	
  Network	
  	
  

In its first four years, OTN Canada has made great progress. Researchers have accumulated an 
outstanding track record of first-rate science and developing an integrated Canada-wide research 
network with increasing international reach. A key focus of the NSERC network is the training of 
students and postdoctoral fellows (PDFs), as well as technicians and research assistants. During this 
report year, OTN Canada was supporting, in whole or in part, the programs of over 80 of these trainees. 
Details of all the projects and subprojects are described in each of the individual reports that follow the 
Network Overview.  
Integration of the Network within and across Themes and Arenas continues to increase and evolve 
through directed workshops and meetings, data exchange and joint publications and presentations, 
exchange of HQP, and integrated field exercises.  

2.1	
  Meetings/symposium/special	
  sessions	
  	
  

Members of the OTN Secretariat have been involved with many meetings throughout the reporting 
period. These are described in the OTN Canada Secretariat project report. Of special note is the annual 
OTN symposium, described below. 

Third Annual OTN Symposium, June 2013, Halifax, NS  

The OTN Secretariat organized and hosted the Third Annual OTN Symposium on June 3-5, 2013 at 
Dalhousie University in Halifax, NS. The purpose of this symposium was to bring together all students, 
PDFs, and eligible PIs to present projects and results, discuss research strategies, and focus on 
integration of the OTN Canada Network and sharing of research tools and programs within and across 
Arenas. This year's symposium was broadened to include researchers from other countries and members 
of the public. As such it was subtitled 'Canada and Beyond'. 

In her opening remarks, Scientific Director and lead PI S. Iverson had the pleasure of publicly 
announcing NSERC's approval of funding for Phase II of OTN Canada. All Phase II projects were 
described in a series of speed talks by the PIs at the start of the poster session that evening. 
The OTN Global ISAC chose to meet in Halifax during the symposium so that they could meet and 
interact with Canadian researchers. Those present from outside of Canada (Rob Harcourt, Kim Holland, 
Kim Aerstrup, and John Kocik) gave keynote lectures, spread out through the first two days of the 
symposium, on ocean tracking work in their respective countries. Additional invited speakers were 
Kristi Miller, Chris Barnes, and David VanderZwaag. 

As in previous years HQP presentations were the most important component of the symposium. 19 
presented orally during the morning and afternoon sessions of days one and two, while 17 presented 
posters during the Monday evening reception. All presentations were compiled into summary documents 
for participants and will be posted on the OTN web site. 
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Two workshops informed participants on more technical matters. On Tuesday afternoon Joanna Mills 
Flemming and Ian Jonsen led a special session on modelling and visualization. Three researchers (Rob 
Harcourt, Eduardo Martins, and Franziska Broell) presented their modelling and visualization efforts 
and participated in a discussion of how to make the complex data sets arising within OTN digestible to 
scientists, policy makers, and the general public. They presented two examples of how modelling 
techniques are being used in conjunction with state-of-the art telemetry and perspectives on how the 
modelling and visualization tools currently used by the Australian Animal Tagging and Monitoring 
System (AATAMS) can facilitate various OTN mandates.  

Personnel from the OTN Data Centre led an informative session for all researchers on Wednesday 
morning. First was an introductory overview of the OTN data policy including: definitions of metadata, 
mystery tags, and false detections. Next, a guided tour of the OTN members’ portal allowed everyone to 
try their hand at viewing live OTN data via GoogleEarth Flyover, Web Mapping Services, and public 
and restricted links. After that was a critical ‘need to know’ overview of OTN’s various data submission 
forms and templates with special attention to data processing holdups and how to avoid them. Then, a 
panel of OTN data users and managers advised and commented on use and understanding of marine 
animal tracking data. The workshop concluded with an overview of emerging external data partnerships. 

In addition to plenary sessions several groups met in breakout sessions throughout the symposium. Both 
the SAC and ISAC met on separate occasions. The former had a short meeting to discuss matters arising 
from the just-approved OTN Canada Phase II proposal, while the latter met for a half day for its annual 
meeting. HQP also had their own session, at which they discussed their needs and reviewed the progress 
made on issues identified at a similar session the year before. 
Ample social time allowed participants to interact in a less formal manner, leading to further 
professional connections. Social events included an icebreaker at a local pub the evening before the 
symposium officially began, a wine and cheese style reception and poster session in the atrium of the 
newly opened Dalhousie Ocean Sciences Building, a dinner cruise aboard a tall ship in Halifax Harbour, 
and a field trip to the Gaspereau Valley. 

Unprecedented industry sponsorship (including Vemco, Teledyne Marine Systems, Open Seas 
Instrumentation, Rainbow Net & Rigging, Liquid Robotics, Dominion Diving, Romor Ocean Solutions, 
Dalhousie University, and Halifax Marine Research Institute) made this symposium exceptionally 
enjoyable for all who attended. 

2.2	
  Joint	
  research,	
  publications/presentations	
  and	
  data	
  exchange	
  	
  

Many examples of the activities within and among Themes and Arenas are highlighted below as 
illustration of the integration and networking that has been initiated. Further details are contained in the 
individual reports.  

Atlantic Arena 
I.1.1 

• In consultation with Katja Fennel and Hugh MacIntyre, John Cullen developed a bio-physical 
modeling framework that replaces chlorophyll a with measures related to the absorption of light by 
phytoplankton. 

• In collaboration with Matthew Litvak and Andrew Taylor (MSc student) at Mount Allison we 
successfully deployed Desert Star Systems Pop-up satellite tags (PSAT) that are capable of 
recording temperature, depth, light levels and the Weelog mini tags in October 2012. 
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• Developed inertial navigator tag that was deployed on Atlantic sturgeon in the Minas Basin in 
collaboration with Mike Stokesbury (Acadia) and his MSc student, Jeff Beardsall, in October 
2012. 

• Franziska Broell and Christopher Taggart have taken the lead in virtually all of collaborations 
within the OTN Atlantic Area, including Litvak et al. (Mount Allison), Stokesbury et al. (Acadia), 
Desert Star Systems in California, USA. Broell has also taken the lead in working with 
international colleagues including Takuji (Kyoto University), Serena Wright (CEFAS and 
Swansea University, UK), Paolo Domenici (Istituto per l'Ambiente Marino Costiero, Italy), and 
John Fleng Steffensen (University of Copenhagen). 

• The OTN observation group met with the OTN modelling component in November 2012. The 
wide-ranging discussion led to a more streamlined process of delivering data to the modellers, 
including CTD data collected by DFO as part of its Atlantic Zone Monitoring Program. 

I.1.2 

• PIs regularly met with PIs and HQP of project I.2.4 Grey Seals to discuss use of bioprobe data for 
modeling as well as the transfer of model output to the I.2.4 investigators. Bioprobe graduate 
student Laurie Baker regularly attends Dr. Fennel's lab meetings.  

• A close collaboration is ongoing with PIs and HQP on project I.2.2 American Eel. Dr. Julian 
Dodson, Dr. Martin Castonguay and Dr. Mélanie Béguer visited Dalhousie for collaboration in 
modelling the migration of American eels from the St. Lawrence Estuary to the Sargasso Sea. Dr. 
Béguer is now located at Dalhousie. 

I.1.3 

• Active collaboration has continued over the last reporting year involving Keith Thompson, PhD 
student Shiliang Shan (Dalhousie University) and researchers from OTN project 1.2.2, modeling 
the movement of the American Eel. 

I.2.1 

• Project members have benefitted from discussions with the salmon components of the OTN (both 
in the east and west coast Arenas) with regards to tagging techniques and experimental design 
(data collection) as well as the integration of genomics. We have also been developing new 
connections with the visualization and modelling group (particularly Ian Jonsen), and with Christie 
Miller (member of Phase II West Coast group; genomics).  

• There continues to be extensive networking among academia (Memorial), government (DFO) and 
industry (Lotek Wireless). This resulted in the development of a first-generation, geolocation data 
storage tag and tagging methodoly applicable for large Atlantic salmon smolts. 

I.2.2 

• Dr Mélanie Béguer is in charge of maintaining the communication with our partners from the 
Québec Ministry of Natural Resources as well as those from AECOM (a private consulting 
company) in order to retrieve the data and metadata from the acoustic lines deployed along the St. 
Lawrence and transmit them to OTN database managers. 

• Participated in the working group on eel biology (CESWoG) that was held in November 2012 at 
Ottawa, thus contributing to the development of a national plan for eel management. 

• David Cairns (DFO) helped in finding large silver eels from Nova Scotia for pop-up satellite 
archival tagging deployment conducted in October 2012 in Nova Scotia. 

I.2.3 
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• Management articles have been completed with Apostle and VanderZwaag and collaborative 
science articles with Dodson, Castonguay, Cooke and other researchers in the OTN. 

• Litvak and Taylor are collaborating with Jinyu Sheng and Kyoko Ohashi (Dal, OTN Atlantic) to 
develop a method of back predicting pop-up satellite archival tag release locations using 
oceanographic models for the Bay of Fundy. 

• The OTN sturgeon project has had impacts at the regulatory level (i.e. Tidal Power impacts, stock 
structure and abundance for DFO stock status report, NOAA meetings).  

• Litvak has continued to conduct measurements at the Annual Lions Club Sturgeon Derby. This 
event provides an opportunity to discuss sturgeon conservation and current research with the 
public. Taylor provided an overview of the research conducted on Atlantic sturgeon in the Saint 
John River to the Sussex Fish and Game club. 

I.2.4-5 

• I. Jonsen is collaborating with M. Litvak and A. Taylor on state-space model estimation of 
Atlantic sturgeon locations using light-level geolocation, coastline, and depth/bathymetry data. 

• The spatial-temporal model developed by PhD candidate Stuart Carson and J. Mills Flemming will 
be incorporated into social network analyses conducted by Damian Lidgard to examine the 
structure of social interactions between individual seals. 

Arctic Arena 
II.1-5 

• All co-investigators (A. Fisk, S. Ferguson, S. Vagle), collaborators (Dale Webber, Vemco, 
Richard Crawford, Kevin Hedges and Ross Tallman, DFO-Winnipeg) and HQP provided 
intellectual contributions to develop and establish the research plan for 2012. 

• PhD student Dave Yurkowski has had numerous discussions with Drs. Steve Ferguson (DFO – 
Winnipeg) Becky Sjare (DFO – St. John’s) and Tanya Brown (PhD candidate – University of 
Victoria) about improving the technique to live-capture ringed seals. 

• In September 2012, PDFs Kessel and Hussey held discussions over a review manuscript on the 
protective status of Greenland sharks given developing fisheries in the Arctic with OTN 
participants at Dalhousie and the Worm lab. 

• In November 2013, PDF Hussey held discussions with WWF Canada over Greenland shark 
tagging work and further funding sources 

• In October 2013, PDF Steve Kessel had discussions with PhD Montana McLean, from the Atlantic 
Arena, about collaborating over post processing of sculpin VPS data. 

• In October 2012, PIs Fisk and Vagel published a review paper on detection range testing with 
Pacific OTN PI Steve Cooke including PDF Nigel Hussey and led by PDF Steve Kessel.  

• In September 2013, PDF Hussey held discussions with Pacific PI Cooke over measures of stress in 
deep-water Arctic species. PI Cooke loaned equipment to the Arctic team to undertake stress 
measurements on three deep-water Arctic species. 

• June 2013, PI Fisk and PDF hussy held discussions with Pacific PI Holland over new generation 
satellite tags to monitor movements, feeding and post release survival of Greenland sharks; 

• In August 2012, PI Fisk had discussions with Atlantic OTN PI Matt Litvak about possible 
collaborative projects on sturgeon in the Arctic and Atlantic regions. Also discussion issues related 
to the tagging of large freshwater and andramous fish. 

• In September 2013, PDF Hussey held discussions with Pacific PI Cooke over measures of stress in 
deep-water Arctic species. PI Cooke loaned equipment to the Arctic team to undertake stress 
measurements on three deep-water Arctic species. 
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• In July and August, PI Fisk had extensive discussion with Atlantic OTN PI Ian Fleming and future 
OTN PIs Michael Power (University of Waterloo) and Ross Tallman (DFO-Winnipeg and 
University of Manitoba) about project proposals on Arctic charr in the Arctic and Atlantic regions. 

• On February 3 2012, PI Fisk had detailed discussion with Pacific OTN PI Steve Cooke about 
future collaborations and research related to OTN and salmonids, in particularly captured fisheries 
work on arctic charr in arctic communities. Discussion of surgery techniques and tag insertion in 
salmonids was also discussed. 

Pacific Arena 
III.2-1 

• Pacific Arena investigator and collaborator annual meeting (Hinch, Cooke, Farrell, Miller, 
Thomson, Patterson, all OTNC Pacific graduate students, PDFs, technicians) held in conjunction 
with ‘Workshop on Salmon Migrations, Climate Change, and Capture/Release Fisheries’, 
University of British Columbia, Vancouver, BC, Canada 

• Meeting at UBC to discuss Seton River tagging study results and plan for field season (Hinch, 
Burnett, Casselman, Lotto, Bett, Middleton) 

• Meeting in Halifax (in conjunction with 3rd OTN Symposium) to discuss progress of linking gene 
expression with sockeye salmon survival in the marine environment (Miller, Hinch, Furey, 
Drenner) 

• Side meeting, in conjunction with the International Conference on Engineering and Ecohydrology 
for Fish Passage in Corvallis Oregon, to discuss the study on delayed mortality of released coho 
salmon and other future projects (Hinch, Cooke, K. Cook) 

• Site visit to ‘The Fransican’, the vessel to be used to study delayed mortality of released coho 
salmon from pink salmon fisheries, and meeting with the captain of the vessel. The vessel was 
evaluated for holding capabilities and timing of the project was discussed (Drenner, Raby, 
Brajcich) 

• Bi-monthly meetings between members of University of Victoria, DFO and UBC to discuss 
pathogen related work and student obligations (Teffer, Hinch, Miller, Juanes).  

IV 

• Richard Apostle completed the first phase the fieldwork on and around the Saint John River. He 
interviewed sturgeon fishermen, sturgeon aquaculturists, and relevant natural scientists. In 
addition, he observed tagging operations on the Long Reach section of the Saint John with MSc 
student Andrew Taylor  

• The Pacific team (Young, Hinch, Cooke) completed an article for the special issue of the Journal 
of International Wildlife Law and Policy.  

2.3	
  HQP	
  exchange	
  	
  

The only significant example of HQP exchange this year was that of Dr Mélanie Béguer relocating from 
Laval to Dalhousie in the Fall of 2013 to strengthen ties between the American Eel project (I.2.2 and 
physical oceanography (I.1). 

2.4	
  Other	
  major	
  accomplishments	
  	
  

Some of the major accomplishments of 2013 are presented below, arranged by Arena and Project.  
 



Ocean Tracking Network Canada Annual Reports Year 4 (2013)	
   Iverson et al. 158749 
 

	
  
Ocean Tracking Network (OTN) Canada Annual Reports Year 4 Page 7  Page 7	
  

Atlantic Arena 
I.1.1 (Glider operations) 

• Developed capability for routine glider operations with delivery of oceanographic data suitable for 
a broad range of users. 

• Slocum Gliders travelled 4629 km, collecting >8 million data points over 178 days. 
• Invited to participate in an international collaboration ('Gliderpalooza'--16 Slocum gliders from 12 

institutions conducting oceanographic and animal tracking survey simultaneously from Georgia to 
Nova Scotia). 

• The Wave Glider patrolled key areas in the Gulf and detected several acoustically tagged species 
including salmon, cod and snow crab. 

• The Wave Glider is also acting as an autonomous, mobile upload station for bottom-mounted 
acoustic receivers obviating the expensive of charter vessels and send out personnel. For this 
reporting period the Wave Glider traveled over 8700 km. 

• Implemented chlorophyll concentration algorithm from a glider mission, and is in the process of 
being validated and made more robust. Presented results at the Ocean Optics conference in 
Glasgow. 

• Developed a bio-physical modeling framework that replaces chlorophyll a with measures related 
to the absorption of light by phytoplankton, thereby streamlining the modeling effort. 

I.1.1 (Ocean Observations) 

• Developed a method to separate and quantify contributions of wind and buoyancy driven motions 
within a coastally-trapped current--preliminary results indicate that detections of salmon smolts 
could be correlated to the coastal circulation and hydrography. 

• Accelerometer studies  
• Developed new accelerometer data logger (Weelog mini) that records acceleration up to 20 times 

higher than comparable tags and is 25% the cost of comparable tags. This technology is being 
commercialized by Maritime bioLoggers, founded by HQP Franziska Broell and Andre Bezanson.  

• Used data from free-swimming trials (pollock and Atlantic cod) to test relationships between size 
and acceleration. Results expected to give insights on tagging effect, relations to ectoparasites and 
the impact such parasites may have on cod. 

• Deployed six Pop-up satellite tags (PSAT) collecting ~144 hours of high-frequency accelerometer 
data and 100 hours of associated temperature, depth and light data. This was the first time high-
frequency recording accelerometers were deployed on a fish in the wild. 

• Designed, developed and used a stable release system that allowed accelerometer stability during 
PSAT release. 

• Developed statistical algorithms capable of detecting fast-start activities (feeding and escape) with 
90% confidence and identifying them with 80% confidence.  

• Showed that identification probabilities decrease significantly if sampling frequency is less than 
50 Hz, which is typical in comparable studies using conventional accelerometer tags.  

I.1.2 

• The optimization of a coupled physical-biogeochemical model of the shelf and adjacent offshore 
waters of Atlantic Canada and analysis of phytoplankton dynamics in the model; 

• Compilation of oxygen and temperature ranges and thresholds for species in the Gulf of St. 
Lawrence and on the Scotian Shelf in order to produce critical habitat estimates based on the 
biogeochemical model for the region; 
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• Evaluation of the applicability of the spectral nudging as a technique to correct biases in the 
biogeochemical model; 

• Implementation of a data-assimilation framework for the biogeochemical model; 
• Development and application of an individual-based model for simulating migration of American 

eels in the Gulf of St. Lawrence; 
• Assessment of different nesting techniques for exchanging information between different sub-

components of a nested-grid modelling system;  
• Examination of circulation and hydrodynamic connectivity in the Sable Gully of the Scotian Shelf 

using a 5-level nested-grid model.  
• Shown that different competing mechanisms (light-induced growth versus grazing-mediated 

losses) are both important in the northwestern North Atlantic and are not mutually exclusive. The 
application of an emulator-based optimization technique for this optimization and the subsequent 
ecological interpretation is novel. 

• Compilation of oxygen and temperature ranges and thresholds for our region of interest is unique. 
• Developed a data-assimilative framework is in place for the assimilation of various types of 

observations including from OTN gliders, moorings and bioprobes into our biogeochemical 
model. 

• Applied a multi-nested ocean circulation model to the Sable Gully to improve understanding of the 
three-dimensional circulation and hydrography in the area.  

I.1.3 

• Development of modular FORTRAN codes for assimilating a wide range of physical, biological 
and chemical data into shelf and deep ocean models; 

• Assessment of the performance of the assimilation schemes; 
• Generation of realistic historical reconstructions (and climatologies) of currents, temperature, 

salinity, nitrate, ammonium, phytoplankton biomass, chlorophyll and oxygen fields from an 
assimilative hindcast from 2002 to date through assimilation of various observations. 

• Development of a data assimilative model of the Northwest Atlantic and adjacent shelf seas 
• Several technical improvements have been made to the multivariate ensemble optimal 

interpolation (EnOI) scheme 
• Ocean Downscaling 
• Developed and tested a method for downscaling the ocean conditions using an idealized (quasi-

geostrophic) model that simulates important features observed in the real ocean 
• Developed and tested new method that combines downscaling and assimilation of local 

observations  
• Prepared the configuration for a high resolution model 
• Assimilation of Biogeochemical Data  
• Concluded development of a new way of suppressing the systematic errors that sometimes afflict 

biogeochemical models of the ocean 
• Modeling the movement of the American Eel  
• Simulations are currently in progress and several interesting results have already emerged. 

I.2.1 

• Tagged 81 Atlantic salmon kelts from the NE Trepassey (n=13), Campbellton (n=34), and 
Western Arm Brook (n=34) populations in Newfoundland with Lotek 2810 geolocation tags 
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• Miniaturization of a data storage tag for use in tagging smolts--the first attempt to design a tag and 
tagging methodology for use of a geo-location data storage tag on smolts. The memory capacity 
and tag size continue to increase and decrease, respectively. 

• Development of an effective tagging methodology. Issues with the mounting of the tag and 
tagging methodology continue to be resolved. 

• Development of a tag shape suitable for external attachment to smolts. 
• A new trial is planned for 2014 or 2015 to address apparent corrosion of the tag attachment 

mechanism that likely underlies the absence of tag returns of one-sea-winter salmon. 
I.2.2 

• Tagged 88 silver eels (upstream section of the St. Lawrence) and 87 silver eels (maritime estuary). 
Some of these eels were detected by acoustic receivers deployed along the St. Lawrence in 2012 
and some at the exit of the Gulf too (in 2012 and 2013). Thus, these data will provide additional 
information on silver eel movements that remain to be analysed. Data from Cabot Strait (exit of 
the Gulf) were recently downloaded (end of summer 2013) and are not yet analysed. 

• Tagged 12 eels equipped with new tags (SeaTags GEO from Desert Star-smaller in diameter and 
lighter and record the geomagnetic field values on top of light data in order to estimate 
geographical positions) and released off Glace Bay, NS 

• Developed two coupled biophysical particle-tracking models in collaboration with OTN 
oceanographers. 

I.2.3 

• Captured new insight into the movement and migration of Atlantic sturgeon tagged in the Minas 
Basin and Saint John River. Completing final data analysis and preparing a manuscript that will 
provide new information to address this goal. 

• Analyzed data sets to describe annual migrations and population characteristics for sturgeon 
tagging in Minas Basin. 

• Published manuscript detailing the feeding behaviour of sturgeon in the Minas Basin. This paper 
detailed the importance of Mina Basin as critical feeding habitat for Atlantic sturgeon. 

• Analyzed historical and recently provided (by the sturgeon fishing industry) pectoral spines of 
Atlantic sturgeon to determine the length age relationship that is critical for management of the 
population (still in progress) 

• Prepared report for the OERA detailing the movement of Atlantic sturgeon through Minas Passage 
using acoustic tags identifying the need to marry acoustic and archival tagging technology to 
determine depth preference at high tidal flow, when acoustic tag detection range biases results. 
This project is on-going. 

• Implemented study movement of possibly spawning Atlantic sturgeon in areas where populations 
have not been recorded (i.e. Avon River system, Whycocomagh Bay, Bras D'Or Lakes NS). 

• Collaborated with researchers in the U.S. to inform the conservation status of Atlantic sturgeon.  
• Analyzed Atlantic sturgeon movement and habitat use during spawning migration in the Saint 

John River using ultrasonic and pop-up satellite archival tags. Final data analysis and a manuscript 
are being prepared. 

• Deployed ultrasonic tags and conducted stable isotope analysis to begin to examine feeding and 
movement of Atlantic sturgeon juveniles in the Saint John River. 

• Determined potential spawning areas based on migration of tagged adult Atlantic sturgeon and the 
capture of larvae. Other potentially important areas have been identified where Atlantic sturgeon 
are found throughout the majority of the summer months. 
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• Presented results of the OTN sturgeon program at the Fish Telemetry Conference in South Africa 
in July 2013 and the ICES AGM in Iceland September, 2013.  

I.2.4-5 

• Tagged 32 grey seals with novel receiver/transmitter VMT tags 
• Tagged 8 grey seals with Bluetooth-enabled VMT tags for real-time data upload (first release)  
• Logged >3,000 seal-seal detections by VMTs 
• Logged >1,000 detections of four fish species by VMTs 
• Analysed detections of 472 Atlantic cod  
• Analysed four years of VMT seal-seal interactions using a spatial-temporal model Developed a 

light attenuation coefficient to be used as a proxy for phytoplankton biomass (in addition to the 
oceanographic data collected by the seal tags, estimates of phytoplankton, and therefore 
productivity, can be incorporated into the oceanographic model) 

• Refined Bayesian Cormack-Jolly-Seber mark-recapture model for estimating out-migration 
survival rates of Atlantic salmon post-smolts 

Arctic Arena 
II.1 

• Downloaded data from the two dedicated detection range tests (V69 and V180) that were deployed 
in Resolute Bay, one in shallow and one in deep water.  

• Combined specific range test results from the Arctic field work with results from extensive range 
tests undertaken in Cumberland Sound in 2011 (including a 1000m depth study) 

• worked with Vemco on a novel analysis of sync tag data from the two VPS systems to assess 
ranges in multiple directions 

II.2 

• Conducted a third year of CTD casts in Cumberland Sound to look at inter-annual variability in 
the region.  

• Conducted 200 CTD casts throughout Resolute Bay  
• Deployed three complete benthic pods for a one-year period in Resolute Bay. All moorings will be 

retrieved in August 2014 and the data will be used to help interpret fish and marine mammal 
movement data from the acoustic array. 

II.3 

• Deployed an array of 42 acoustic receivers (VR2Ws) across the region 
• Tagged 60 Arctic char with V-16 tags at two tagging locations. A reward program was set up in 

the community to retrieve tags from fish that are caught in the commercial and subsistence fishery; 
four tags have already been returned. 

II.4. 

• Downloaded and redeployed the full acoustic monitor array (30 - V69 and 60 - V180), which 
includes two VPS systems in Resolute Bay along with oceanographic equipment. 

• Deployed 15 sculpin tags; however, no Arctic cod could be located for tagging. Last year’s 
deployment yielded over 1 million Arctic cod detections and over 491,000 sculpin detections. 

• Conducted acoustic profiling of the fish fauna in Resolute Bay  
• Collected biological samples (fin, muscle, liver and stomach) were collected from several fish 

species for stable isotope, Hg and stomach content analysis. 
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• Deployed two CPODs. Additionally one AURAL unit was deployed in the mouth of the bay.  
• Two shallow water longlines were set on which six Greenland sharks were tagged (both with 

acoustic and satellite tags). These animals, in addition to the 6 tagged off Maxwell Bay in 2011, 
will provide insight into their behaviour. 

• Equipped four ringed seals with satellite telemetry transmitters near Resolute. All tags provide 
detailed information on dive and haul-out behaviour and analyses remain ongoing. 

II.5. 

• Deployed an acoustic monitor array (24 – VR2W), oceanographic equipment (2 stations) and 
marine mammal listening devices (4 CPODs and 1 AURALs) in Scott Inlet and retrieved in 
September/October 2013. Several VR2Ws were deployed to depths of 800-1000 m, all were 
functional upon retrieval; now the second deployment to depths >500 m and their successful 
monitoring of deep water fish species. A total of 15,000 detections were recorded from 25 
individual fish (two species: Greenland halibut and Greenland shark) on this preliminary array.  

• Observed trends in Greenland halibut movements.  
• Deployed a full-scale acoustic array (70 – VR2W-69), oceanographic equipment (2 stations) and 

marine mammal listening devices (4 CPODs and 1 AURALs) were successfully in a gate format 
through the Scott Inlet/Sam Ford trough system. 

• Tagged 71 Greenland halibut and 22 Greenland sharks with V16 acoustic tags. Of 34 Greenland 
sharks caught, the majority were smaller individuals highlighting the uniqueness of this region in 
the life cycle of Greenland sharks. 

• Tagged four juvenile and one large Greenland shark with pop up archival satellite tags for one-
year deployment periods in Scott Inlet/Sam Ford Trough.  

• Developed new attachment disc method for first ever satellite tagging of juvenile Greenland 
sharks. 

• Sampled for examining food web structure and trophic interactions tied with acoustic telemetry 
data via trawls  

• Undertook first ever stress measures for deep water Arctic species (lactate/glucose and using 
colouration patterns). A total of 25 Greenland sharks, 25 Greenland halibut and 3 Arctic skate 
were tested and data are currently being prepared for publication. 

• Made 42 CTD casts in Cumberland Sound along with two cross-mouth transects to capture flow as 
it enters and exits the sound. For nutrient and oxygen, 18 samples were collected from 4 depths at 
4 stations for analysis. These will help determine the origins of the water within the sound. 

• Conducted boat-based transects of Cumberland Sound and Clearwater, Shark, Pangnirtung, 
Kingnait, and Iqalugaju fiords. No transects of Cumberland Sound were completed due to the 
presence of ice that had entered Cumberland Sound. This information is required to assess 
population size and growth trends over time. 

• Deployed satellite transmitters, collecting biopsies and photographing beluga, bowhead, and killer 
whales for use in diet, movement, and genetics studies of all three species in the eastern Canadian 
Arctic.  

• Collected biopsies from five bowhead whales outside of Kingnait Fiord. 
• Collected over 1,100 ringed seal muscle and liver samples from several communities spanning the 

Canadian Arctic and Greenland as part of an international collaboration with Greenland Institute 
of Natural Resources.  

• Developed a new approach to examine food web structure in polar environments, as we are now 
able to clearly differentiate between sea ice and sea water carbon sources, which addresses a key 
limitation of existing chemical techniques. 
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• Acquired tissue samples from Inuit subsistence harvests of ringed seals, beluga and narwhal in 
collaboration with Environment Canada.  

• Sampled 100 Arctic cod and 25 sculpin and in 2013, numerous zooplankton tows were performed 
that incuded a suite of zooplankton species for contaminant and food web analysis. 

Pacific Arena 

III.1 

• Continue conducting four oceanic surveys per year in the Salish Sea region from the entrance to 
Juan de Fuca Strait to the northern Strait of Georgia;  

• Collected profiles of salinity, temperature, chl a, light attenuation, density, and nutrients (P, Si, 
NO3). The four cruises are meant to define the seasonal cycle and long term trends.  

• Collected and processed CTD profile data around 10 times per month in the Nanoose Torpedo 
Test range by the US and Canadian Navies.  

• Collected CTD data in the northern Strait of Georgia during in conjunction with telemetry tracking 
of adult sockeye salmon. These CTD and related environmental data were incorporated into 
analyses, papers and student theses during 2013. 

III.2 

• Completed several studies in 2013 which examined if assisted ventilation approaches influenced 
survival of released adult salmon. 

• Interviewed First Nations fishers to gain an understanding of how they viewed telemetry and 
recovery research, how they feel it should be used to help them manage their fisheries resource 
and the threats and opportunities they face in regards to their fisheries.  

• Assessed release survival of 220 tagged coho salmon that were by-captured in a commercial pink 
fishery and tagged with acoustic transmitters.  

• Compared recovery physiology and recovery rates of coho that were by-caught and put into either 
the ‘industry-standard’ recovery tote (a large bin which has some water circulation) or recovery 
boxes (aka Fraser boxes) which uses high velocity water in a trough forcing fish to ram ventilate.  

• Used RAMP and physiological biopsy to assess predictors of release mortality and the 
physiological factors (e.g. pathogen loads) related to release mortality associated with riverine and 
estuary Chinook fisheries, 

• Continued with assessments of ‘handling effects’ through our research dealing with facilitated 
recovery and RAMP and to develop ‘best practices’ in terms of sizes of transmitters that can be 
used in field telemetry studies, particularly on juvenile salmon.  

• Continued assessments of new tag technology, specifically VEMCO accelerometer transmitters, 
and linkages between this technology and novel environmental monitoring approaches.  

• Tagged 60 Seton River adult sockeye prior to their migration through turbulent flows to assess 
how acceleration, swimming speeds and activity affected migration success 

• Identified large reverse flow fields downstream of the turbulent zone which contributed to 
migration delay. Results are still being analyzed.  

• Tagged 432 Chilko Lake sockeye salmon smolts at the DFO counting fence as they began their 
outmigration to the Pacific Ocean.  

• Collected small gill samples from 219 of these fish to quantify pathogen loads using newly 
developed molecular techniques.  
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3.	
  Training	
  of	
  Highly	
  Qualified	
  Personnel	
  (HQP)	
  	
  

The following table summarizes the HQP who have been supported by the Network during 2013.  
The integration of research activities among projects within and across Arenas from University, and 
Government Agencies has proven to be invaluable in terms of allowing HQP access to varied expertise 
across multiple fields of ocean sciences. Descriptions of HQP involvement are contained in the 
individual project reports.  
Table 1. Summary of the number of Highly Qualified Personnel (HQP) trained within the scientific 
program of OTN Canada by Arena.  

HQP	
   Atlantic	
  Arena	
  	
   Arctic	
  Arena	
  	
   Pacific	
  Arena	
  	
  

Total	
   Completely	
  
Supported	
  by	
  

Grant	
  

Total	
   Completely	
  
Supported	
  by	
  

Grant	
  

Total	
   Completely	
  
Supported	
  by	
  

Grant	
  

BSc	
  students	
   10	
   3	
   1	
   0	
   2	
   1	
  
MSc	
  students	
   11	
   8	
   2	
   2	
   8	
   5	
  
PhD	
  students	
   10	
   4	
   2	
   2	
   10	
   5	
  
Total	
  students	
   31	
   15	
   5	
   4	
   20	
   11	
  
Post	
  Doctoral	
  Fellows	
   5	
   3	
   3	
   3	
   4	
   2	
  
Research	
  Associates	
   13	
   5	
   0	
   0	
   1	
   1	
  

total	
  other	
  researchers	
   18	
   8	
   3	
   3	
   5	
   3	
  

Grand	
  total	
  	
   49	
   23	
   8	
   7	
   25	
   14	
  

4.	
  Participation	
  of	
  key	
  partners	
  	
  

4.1	
  Government	
  	
  

The involvement of Canadian Department of Fisheries and Oceans (DFO) occurs in all levels of 
research and coordination, including the transfer of research results within the Network and to the 
general scientific community. DFO has two voting members (A. Vezina, DFO representative, and S. 
Vagle, Arctic Arena representative) on the Scientific Advisory Committee and ten of the twenty-seven 
Network PIs are university adjunct professors from DFO. Since many of the DFO scientists that are 
either co-PIs or collaborators are also adjunct faculty, they have a significant involvement in both 
student and postdoctoral training. The details on involvement of partners in individual projects are 
described in section 11 of each individual report.  

4.2	
  Canada	
  Foundation	
  for	
  Innovation	
  (CFI)	
  	
  

None of the research programs of the OTN Canada Network could take place without the significant 
contribution of infrastructure support from CFI. The OTN Global Network, through the CFI funding, 
has worked extensively with OTN Canada through deployment of fixed receiver arrays throughout areas 
of the Atlantic, Arctic, and Pacific Arenas and according to the needs of the OTN Canada PIs, through 
the purchase of acoustic tags and use of gliders, through the servicing and uploading of data that must be 
obtained from receiver lines, and finally through access to the data management support that is part of 
the infrastructure.  
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4.3	
  Industry	
  	
  

OTN Canada continues to have a number of industry collaborators. These industry collaborators, such as 
VEMCO, Satlantic, Kintama, Lotek, and others, have been integral in helping it solve problems, develop 
new technology, construct needed equipment, and brainstorm about better ways to use it. Examples are 
many and are included in individual project reports and the major accomplishments section. 

4.4	
  Universities	
  and	
  other	
  research	
  institutions	
  	
  

The many universities and research institutions with whom the OTN Canada PIs and collaborators are 
associated provide the further infrastructure and support, including personnel support, to conduct the 
Network’s research, sponsor HQP, and host various other activities. These are apparent throughout, and 
detailed in, individual project reports.  

5. Dissemination and other contributions  

5.1 Publications and presentations 

68 papers were accepted or published and 25 were submitted during the reporting period. See individual 
reports for details, as well as: 

Halfyard, E.A.; Ruzzante, D.E.; Stokesbury, M.J.W.; Gibson, A.J.F.; and Whoriskey F.G. 2013. 
Correlates of estuarine survival of Atlantic salmon post-smolts from the southern upland, Nova 
Scotia, Canada. Canadian Journal of Fisheries and Aquatic Science, 70: 262-270. 

OTN researchers also made 14 invited presentations and 61 contributed presentations at conferences 
during the reporting period. See individual reports for details. 

5.2 Newsletter and Website 

The bi-annual OTN newsletter shares news and events from Canadian and Global perspectives. It 
reflects the work and success of both national and international Network efforts and their increasing 
integration, and serves to keep OTN members, collaborators, granting councils, government and 
industry sponsors, and relevant members of the Dalhousie community abreast of OTN news. The 
newsletter has evolved to feature regular segments including global deployment, data, and technology 
updates as well as conference dates and calls for proposals and now stands at 12 pages, almost double 
the content from the first issue. All newsletters are hosted on the OTN website with a link sent via email 
to over 500 national and international partners. This recipient list continues to grow as industry, science, 
and media contacts are made. Hardcopies are distributed during promotional events and to visiting 
delegations. 

The fifth edition of the OTN newsletter (Summer 2013) was merged with the 2012—2013 Public 
Annual Report in anticipation of multiple events taking place over the 2013 summer and fall. The 
newsletter will continue with a winter 2013—2014 edition. 
The NSERC news bulletins, focused on Canadian research and deployment updates, is undergoing 
content redirection based on positive discussions during the 2013 OTN Symposium. It is being 
reformatted with a view towards identifying available grants, Network training and exchange 
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opportunities, and conferences. News bulletins are hosted on the OTN website and distributed 
electronically to Canadian Network PIs and HQP. 

The OTN website (http://global.oceantrack.org/otn-canada) underwent a significant redesign in 2013, as 
evidenced in sample screen shots of the previous (Figure	
  1) and current (Figure	
  2) versions. 

 
Figure	
  1:	
  OTN	
  website	
  (old).	
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Figure	
  2:	
  OTN	
  website	
  (new).	
  

 

5.3 Data management/sharing 

The OTN Data Centre made significant strides in management of OTN research data in 2013. While not 
a formal project of OTN Canada, the work of the data team is integral to the success of OTN Canada 
research and is leading to a deeper understanding of animal movement by OTN Canada researchers. As 
such it warrant mention here. Figures 3-5 illustrate improved tracker metadata as visually represented 
using R and RStudio. 
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Figure	
   3:	
   tracker	
   metadata	
   for	
   OTN	
   Canada	
   projects	
   -­‐	
   tags	
   released	
   (red),	
   detected	
   (green)	
   and	
  
detection	
  counts	
  (grey)	
  [top	
  left];	
  cross	
  tabulation	
  of	
  detected	
  tags	
  by	
  tracker	
  (x)	
  and	
  detector	
  (y),	
  OTN	
  
detectors	
  -­‐	
  red)	
  [top	
  right];	
  weekly	
  counts	
  of	
  active	
  tags	
  (red),	
  detected	
  tags	
  (green),	
  total	
  detections	
  
(grey)	
  [bottom	
  left];	
  and	
  individual	
  tag	
  release	
  dates	
  (red),	
  operation	
  ranges	
  (grey)	
  and	
  detection	
  ranges	
  
(green)	
  sorted	
  by	
  expiry	
  date	
  [bottom	
  left].	
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FAMILIES (9): Acipenseridae, Anguillidae, Cottidae, Gadidae, Phocidae, Pleuronectidae, Rajidae, Salmonidae, Somniosidae. SPECIES
(17): Acipenser oxyrinchus oxyrinchus/Atlantic sturgeon, Amblyraja hyperborea/Arctic skate, Anguilla rostrata/American eel,
Boreogadus saida/Arctic cod, Gadus morhua/Atlantic cod, Halichoerus grypus/grey seal, Myoxocephalus quadricornis/fourhorn
sculpin, Myoxocephalus scorpius/shorthorn sculpin, Myoxocephalus sp./sculpin, Oncorhynchus nerka/sockeye salmon, Pusa
hispida/ringed seal, Reinhardtius hippoglossoides/Greenland halibut, Salmo salar/Atlantic salmon, Salvelinus alpinus/Arctic char,
Salvelinus fontinalis/brook trout, Salvelinus namaycush/lake trout, Somniosus microcephalus/Greenland shark. OCEANS (3): ARCTIC,
NE PACIFIC, NW ATLANTIC. SERIES (6): DFOCanada, OTNCanada, OTNGlobal, POST, Satellite, UNAFFILIATED. TRACKERS (14): ACB, ACS,
ALS, ANT, ASI, BDL, IFS1, IFS2, JDE, MPD, PSS1, PSS2, SGS, WRS. DETECTORS (31): SGS, Satellite, ALS, ANT, CBS, HFX, MPD, MPS,
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2021 − 80 − 1
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2019 − 248 − 5
2018 − 312 − 6
2017 − 494 − 10
2016 − 775 − 16
2015 − 981 − 20
2014 − 1938 − 40
2013 − 3001 − 63

Operation Summary
release dates (4750)
operation ranges (4729)
detection ranges (2643)
  expired < 2013−11−27 (3604)
  embargoed > 2011−11−28 (3026)



Ocean Tracking Network Canada Annual Reports Year 4 (2013)	
   Iverson et al. 158749 
 

	
  
Ocean Tracking Network (OTN) Canada Annual Reports Year 4 Page 18  Page 18	
  

 
Figure	
  4:	
  tracker	
  metadata	
  for	
  project	
  I.2.2	
  -­‐	
  tags	
  released	
  (red),	
  detected	
  (green)	
  and	
  detection	
  counts	
  
(grey)	
  [top	
  left];	
  cross	
  tabulation	
  of	
  detected	
  tags	
  by	
  tracker	
  (x)	
  and	
  detector	
  (y),	
  OTN	
  detectors	
  -­‐	
  red)	
  
[top	
   right];	
  weekly	
   counts	
  of	
   active	
   tags	
   (red),	
   detected	
   tags	
   (green),	
   total	
   detections	
   (grey)	
   [bottom	
  
left];	
  and	
  individual	
  tag	
  release	
  dates	
  (red),	
  operation	
  ranges	
  (grey)	
  and	
  detection	
  ranges	
  (green)	
  sorted	
  
by	
  expiry	
  date	
  [bottom	
  left].	
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FAMILIES (1): Anguillidae. SPECIES (1): Anguilla rostrata/American eel. OCEANS (1): NW ATLANTIC. SERIES (3): OTNCanada,
OTNGlobal, Satellite. TRACKERS (1): JDE. DETECTORS (5): CBS, SGS, JDE, Satellite, BOOGSL.

2011 2012 2013 2014

0
10

0
20

0
30

0
40

0
50

0
cu

m
m

ul
at

iv
e 

co
un

t

yr  −  #emb  −  %emb
2016 − 0 − 0
2015 − 29 − 5
2014 − 188 − 37
2013 − 366 − 73

Operation Summary
release dates (498)
operation ranges (498)
detection ranges (209)
  expired < 2013−11−27 (425)
  embargoed > 2011−11−28 (381)
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Figure	
  5:	
  tracker	
  metadata	
  for	
  the	
  Atlantic	
  Arena	
  -­‐	
  tags	
  released	
  (red),	
  detected	
  (green)	
  and	
  detection	
  
counts	
  (grey)	
  [top	
  left];	
  cross	
  tabulation	
  of	
  detected	
  tags	
  by	
  tracker	
  (x)	
  and	
  detector	
  (y),	
  OTN	
  detectors	
  -­‐	
  
red)	
   [top	
   right];	
   weekly	
   counts	
   of	
   active	
   tags	
   (red),	
   detected	
   tags	
   (green),	
   total	
   detections	
   (grey)	
  
[bottom	
   left];	
   and	
   individual	
   tag	
   release	
   dates	
   (red),	
   operation	
   ranges	
   (grey)	
   and	
   detection	
   ranges	
  
(green)	
  sorted	
  by	
  expiry	
  date	
  [bottom	
  left].	
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FAMILIES (5): Acipenseridae, Anguillidae, Gadidae, Phocidae, Salmonidae. SPECIES (6): Acipenser oxyrinchus oxyrinchus/Atlantic
sturgeon, Anguilla rostrata/American eel, Gadus morhua/Atlantic cod, Halichoerus grypus/grey seal, Salmo salar/Atlantic salmon,
Salvelinus fontinalis/brook trout. OCEANS (1): NW ATLANTIC. SERIES (5): DFOCanada, OTNCanada, OTNGlobal, Satellite, UNAFFILIATED.
TRACKERS (8): ANT, BDL, IFS1, IFS2, JDE, MPD, SGS, WRS. DETECTORS (20): SGS, Satellite, ANT, CBS, HFX, MPD, MPS, NSP, SMR, ASF,
IBFS, NLWF, BDL, GDL, IFS2, JBC, SBX, WRS, JDE, BOOGSL.
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2019 − 0 − 0
2018 − 13 − 0
2017 − 113 − 6
2016 − 373 − 20
2015 − 555 − 30
2014 − 965 − 52
2013 − 1419 − 77

Operation Summary
release dates (1829)
operation ranges (1809)
detection ranges (696)
  expired < 2013−11−27 (1110)
  embargoed > 2011−11−28 (1444)
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5.4 Other contributions and deliverables  

The OTN Canada Network continues to make large contributions to various outputs such as productions 
of webpages, radio and television appearances, and documentary filming. There have also been many 
outputs of newspaper and magazine stories, technical reports, invited conference and public 
presentations, and input into public advisory meetings and documents, including providing expert advice 
and consultation. PIs have also used OTN Canada research programs to leverage additional funding 
support through submissions of new proposals for complimentary funding, student support, and access 
to new technologies and research spin-offs. These are far too numerous to describe here and are detailed 
in the individual reports that follow.  

6. Changes, reprofiling, and delays  

6.1 Deviation from the original overall research objectives 

There have been no significant deviations to the overall objectives of the Network. Within the specific 
projects, adjustments have been made where required to maximize the productivity toward stated goals 
(in response to new personnel expertise and changes in logistical support).  

6.2 Reprofiling and budget implications  

The Reprofiling Sub-committee deals with ongoing changes to programs and funding, projects facing 
problems, and makes recommendations on these to the SAC. "Reprofiling" is meant to encompass issues, 
such as investigators proposing a deviation of >20% of their approved budget, investigators who have 
proposed to conduct certain work but are not performing this work, Arena Leaders or the Theme 
Leaders Committee (TLC) raising concerns about the progress of specific projects and suggesting 
possible solutions or new directions.  

Only one request was submitted during this report year. The Pacific group requested to change a PDF 
position to a RA position for the remainder of this fiscal year. This request was approved by the 
subcommittee and unanimously approved by the SAC. 

6.3 Technical issues  

There were no central technical issues during the report year, other than the ongoing work in developing 
technology and tag capabilities, described in individual reports.  
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I.	
  Atlantic	
  Arena	
  

1.	
  Project	
  Number:	
  I.1.1	
  

2.	
  Project	
   Title:	
   Integrated Interdisciplinary Observing and Modeling Platform – Observing 
Component	
  

3.	
  Project	
  Leaders:	
  J. Cullen, C. Taggart (Dalhousie), P. Smith (DFO)	
  
Collaborators:	
  B. Greenan, D. Hebert (DFO)	
  

4.	
  Public	
  summary	
  of	
  report	
  

The Project has three elements that will be indentified with these abbreviations: 

OG: Ocean Gliders OO: Ocean Observations AC: Accelerometry 

The OTN Observing Component collects a wide array of physical, biological and chemical observations 
along the Halifax Line (HL), which serves as the test bed for OTN research in the Atlantic Arena. To 
date, physical data from several bottom moorings containing acoustic Doppler current profilers (ADCPs) 
that provide measurements of the currents throughout the water column and conductivity-temperature-
depth (CTD) sensors near the HL dating back to April 2008 have been assembled and analyzed to 
provide time series of Nova Scotian Current transport, tidal currents and seasonal drift rates vs depth. 
This data, along with DFO's Atlantic Zone Monitoring Program (AZMP) sampling and the glider data 
provides time series of fine-scale hydrographic properties on the HL. The moored instruments have 
recorded an increase in bottom-water temperature until a maximum in 2012. Data from recently 
recovered instruments indicate that bottom-water temperatures may be decreasing. Ten benthic pods, 
containing CTDs with oxygen sensors, were deployed across the continental shelf in 2011. Analysis of 
this data is underway. Meanwhile, Dalhousie’s Marine Observations Support Team (MOST) has 
established an effective program of ocean glider operations, sampling the ocean interior of the Scotian 
Shelf 178 glider days during the reporting period while developing web-based data presentations and a 
framework for regular interaction between network members who supply and use the data. MOST also 
supported the purchase and deployment of a wave glider to track tagged animals and upload data from 
bottom-mounted receivers. The Observing Component is now providing data to the OTN program while 
making significant progress in the development of new systems for describing distributions of 
phytoplankton and in relation to hydrographic conditions in the OTN study area. In addition to the 
standard sampling along HL the glider team participated in an international program to sample the 
eastern seaboard of the United States and Canada with 16 Slocum gliders from 12 institutions in the 
water simultaneously. A new multi-parameter approach has been developed to retrieve estimates of 
chlorophyll concentration from optical sensors on the gliders. It shows promise for use on a range of 
autonomous ocean sensor systems that are deployed in open waters where no direct validation of 
estimates can be made. The accelerometry component has significantly enhanced accelerometer and 
inertial navigator tag design. The developed product is now ready for commercial spin-off through 
Maritime bioLoggers spearheaded by F. Broell and A. Bezanson. A paper on this new technology is to 
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be submitted to Animal Biotelemetry by the end of 2013. Using this technology, efforts have 
demonstrated how shortnose sturgeon change their behavioural and activity patterns in relation to 
environmental variations (temperature, depth, ambient light, tidal velocity) in the wild. Accelerometer 
tag affect is now being studied on Atlantic cod using frequency and intensity of aberrant behaviour 
related to tag load and infection reduction behaviour. 

5.	
  Training	
  of	
  Highly	
  Qualified	
  Personnel	
  

a) HQP	
  and	
  level	
  of	
  support	
  
	
  

Name	
   Title	
   %	
  Time	
  in	
  
project	
  

%	
  Support	
  
from	
  SNG	
   Dates	
  

Matthew	
  Beck	
  (OG)	
   MSc	
  	
   100	
   100	
   1	
  Oct	
  2012	
  –	
  30	
  Sept	
  2013	
  
Thesis	
  topic:	
  A	
  multiparameter	
  approach	
  for	
  estimating	
  chlorophyll	
  a	
  from	
  ocean	
  gliders.	
  
Adam	
  Comeau	
  (OG)	
   RA	
   100	
   100	
   1	
  Oct	
  2012	
  –	
  30	
  Sept	
  2013	
  
Research	
  Topic:	
  Ecosystem	
  monitoring	
  on	
  the	
  Scotian	
  Shelf	
  
Franziska	
  Broell	
  (AC)	
   PhD	
  	
   100	
   80	
   1	
  Oct	
  2012	
  –	
  30	
  Sept	
  2013	
  
Thesis	
  topic:	
  Accelerometry;	
  the	
  key	
  to	
  monitoring	
  temperature-­‐dependent	
  fish	
  growth	
  and	
  activity	
  in	
  the	
  wild.	
  
Andre	
  Bezanson	
  (AC)	
   PhD	
   10	
   10	
   1	
  Oct	
  2012	
  –	
  30	
  Apr	
  2013	
  
Thesis	
  topic:	
  Design	
  and	
  fabrication	
  of	
  high	
  frequency	
  phased	
  array	
  for	
  imaging	
  the	
  inner	
  ear.	
  
Jon	
  Pye	
  (OG)	
   RA	
   75	
   0	
   1	
  Oct	
  2012	
  –	
  30	
  Sept	
  2013	
  
Research	
  Topic:	
  Ecosystem	
  monitoring	
  on	
  the	
  Scotian	
  Shelf	
  
Celene	
  Burnell	
   BSc	
   30	
   5	
   1	
  May	
  2013	
  –	
  30	
  Sept	
  2013	
  
Research	
  Topic:	
  Parameterization	
  of	
  infection	
  reduction	
  behaviour	
  in	
  cod	
  using	
  accelerometer	
  tags	
  	
  
Mathieu	
  Dever	
  	
   PhD	
   100	
   100	
   1	
  Oct	
  2012	
  –	
  30	
  Sept	
  2013	
  
Research	
  Topic:	
  Characterization	
  of	
  Nova	
  Scotian	
  Current	
  and	
  its	
  variability	
  along	
  the	
  Halifax	
  Line	
  
Chris	
  Jones	
   RA	
   10	
   0	
   1	
  Oct	
  2012	
  –	
  30	
  Sept	
  2013	
  
Research	
  Topic:	
  Ecosystem	
  monitoring	
  on	
  the	
  Scotian	
  Shelf	
  
Chantal	
  Giroux	
   RA	
   30	
   0	
   1	
  Oct	
  2012	
  –	
  21	
  Dec	
  2012	
  
Research	
  Topic:	
  Ecosystem	
  monitoring	
  on	
  the	
  Scotian	
  Shelf	
  
Shannah	
  Rastin	
   RA	
   30	
   0	
   1	
  Oct	
  2012	
  –	
  28	
  Dec	
  2012	
  
Research	
  Topic:	
  Ecosystem	
  monitoring	
  on	
  the	
  Scotian	
  Shelf	
  
Kaila	
  Lawton	
   RA	
   30	
   0	
   7	
  Jan	
  2013	
  –	
  26	
  Apr	
  2013	
  
Research	
  Topic:	
  Ecosystem	
  monitoring	
  on	
  the	
  Scotian	
  Shelf	
  
Shannah	
  Rastin	
   RA	
   30	
   0	
   29	
  Apr	
  2013	
  –	
  30	
  Aug	
  2013	
  
Research	
  Topic:	
  Ecosystem	
  monitoring	
  on	
  the	
  Scotian	
  Shelf	
  
Kristen	
  Wilson	
   RA	
   30	
   0	
   4	
  Sept	
  2013	
  –	
  30	
  Sept	
  2013	
  
Research	
  Topic:	
  Ecosystem	
  monitoring	
  on	
  the	
  Scotian	
  Shelf	
  
	
  
b) Role,	
  activities,	
  and	
  opportunities	
  for	
  training	
  

OG. Dalhousie’s Marine Observations Support Team (MOST) spent this year running Slocum and wave 
glider missions, collecting oceanographic data for validation of the optical measurements, developing 
data management and presentation systems, and working with Network researchers to serve their needs 
for data. Troubleshooting was also an important component of the work, as we continued to encounter 
reliability problems with the gliders. Richard Davis is the lead technician for the glider component. His 
primary roles are project and logistics management, particularly ensuring all safety procedures are 
followed in lab and aboard vessels, and participation in field operations. Other activities include 
supervising Adam Comeau, Jon Pye, Chris Jones, co-op students and volunteers, making snap 
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judgments during operational emergencies, overseeing data analysis, requisitioning and purchasing 
equipment, coordinating activities with other research groups (including leading regular group meetings), 
managing the budget, and training graduate students. Adam Comeau is the primary field technician. He 
maintains and operates all gliders, OTN small vessels, and field equipment, and also performs 
specialized data analysis. Adam often works excess hours and regularly works outside normal hours. Jon 
Pye is an Information Technology specialist. He creates and maintains databases, programs missions for 
the gliders, maintains computer hardware, and is developing the OTN glider web presence. Graduate 
student Matt Beck is working on his MSc thesis developing new estimates of chlorophyll from glider 
measurements. This involves extensive skill in programming and in the application of hydrological 
optics. His colleagues in MOST helped him to restructure his data analysis for maximum effectiveness; 
thorough revision of his code required considerable time. Meantime, Matt received advanced training in 
hydrological optics and remote sensing during an intensive four-week, cross-disciplinary, graduate-level 
course in Optical Oceanography at the University of Maine, Darling Marine Center in summer 2013. 
Chris Jones works part time and writes code to process discrete data collected during glider deployments 
and recoveries. His MSc degree in statistics is immensely valuable as he supports data quality control 
efforts. Finally, three co-op students, Kaila Lawton, Shannah Rastin, and Kristen Wilson, participate in 
field sampling, process discrete water samples and aid in data entry. Overall, the group has developed a 
capability that is central to modern oceanography and all involved are gaining the skills and knowledge 
to help others to use this research approach. 

OO. Mathieu is currently working toward his PhD, using observations from various sources collected as 
part of OTN. These data are used to investigate the driving mechanisms and the variability associated 
with coastally-trapped, buoyancy driven currents. Several collaboration opportunities, with researchers 
in Norway and the United States in addition to those as part of the OTN project, are broadening 
Mathieu’s objectives by both providing additional datasets and introducing a multidisciplinary aspect to 
the project. Mathieu completed his course work last year and started to work full time on his research 
topic. As part of normal mentoring of a PhD student, he is taking the lead on the analysis of this data and 
presentation of the results.  As this is a learning process, it takes longer than normal for more 
experienced researcher. 

AC. Andre Bezanson, with help from Franziska Broell, takes a leading role in the design, construction 
and programming of the high frequency accelerometer tags and the high frequency inertial tags. His 
expertise has led to a 40% reduction in the size of the tag and a 50% decrease in power consumption 
since early 2013. The tag design led to a commercial spin-off through Maritime bioLoggers, a new 
company spearheaded by Broell and Bezanson. Maritime bioLoggers has already made sales nationally 
and internationally. The work has also resulted in a manuscript by Bezanson et al. (see below) entitled 
“Light-weight, low-cost acceleration data-logger for monitoring animal movement”; to be submitted to 
Animal Biotelemetry by the end of 2013. Working as a team they have become somewhat of experts in 
accelerometer technology and as representatives of new OTN technology they have received a 
considerable amount of media coverage (see below) as well as inquiries from other researchers around 
the world. Broell and Bezanson have applied for kick-starter funding to secure IP around the technology 
and for marketing purposes through Innovacorp Early Stage Venture Capital funding (I-3 Technology 
Start-up Competition and Early Stage Commercialization Fund Competition). Broell also enhanced her 
advisory acumen through training Celene Burnelle, an Honours Student researching the effects of 
accelerometer tagging (infection reduction behaviour in response to parasite and (or) tag load) on 
Atlantic cod in signal processing techniques. 

	
  



Ocean Tracking Network Canada Annual Reports Year 4 (2013)	
   Iverson et al. 158749 
 

	
  
Project I.1.1: Integrated Interdisciplinary Observing and Modeling Platform Page 24  Page 24	
  

6.	
  Progress	
  towards	
  objectives/milestones	
  

a) Overall	
  objectives	
  

The main objective of this component is to develop and calibrate new ocean observation technologies, 
including interdisciplinary sensor systems on ocean gliders and accelerometers on fish, as a powerful 
and cost effective capability for surveying essential physical, chemical, biological and ecological 
processes and interactions in coastal waters and shelf seas. It will also provide validation data sets for 
the integrated modeling component and time series for data assimilation. Specific objectives for this 
initial phase are: 

1. Develop a system for integrating bottom pod, ADCP and glider data to provide a physical 
description of the system; 

2. Develop procedures for deploying gliders and obtaining optical data products; 

3. Develop new optical data products to provide biological and physiological information; 
4. Develop new approaches to modeling biological-optical-physical interactions (with I.1.2), 

primarily characterizing coastal circulation and linking to local ecosystems; 
5. Validate that acceleration metrics in a fish are a function of size-at-time; 

6. Determine key parameters from the acceleration frequency spectrum and/or other relevant 
statistics that scale with size at age; 

7. Demonstration that similar acceleration metrics will provide estimates of activity of marine 
animals (fish, sea turtles, seals etc.). 

8. Demonstrate that acceleration metrics will provide in situ estimates of feeding activity and energy 
budget estimation. 

 
b) Progress	
  

OG. Glider operations – One of the mandates of the Marine Observation Support Team is to have a 
glider transiting the Halifax Line nearly continuously. The Gantt chart in Figure I.1.1-1 and the heat map 
in Figure I.1.1-2 show their success during this reporting term. Since the gliders were returned from 
repair in early 2013 (see section 7b) we have had a glider in the water with only short refurbishment 
periods in between missions. For this reporting period the gliders were in the water 178 days and 
travelled 4629 km, collecting more than 8 million data points. 

 

Figure	
  I.1.1-­‐1:	
  Gantt	
  chart	
  of	
  Slocum	
  glider	
  deployments	
  during	
  reporting	
  period.	
  

The glider team participated in new activities this reporting period. OTN and MOST was invited to 
participate in an international collaboration ('Gliderpalooza') to enhance ecosystem monitoring on the 
eastern seaboard of the United States and Canada. Growing out of the MARACOOS and OTN stated 
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science priorities of developing the basis for ecosystem-based management, the science plan for 
Gliderpalooza involved 16 Slocum gliders from 12 institutions being deployed simultaneously from 
Georgia to Nova Scotia, providing a near-simultaneous assessment of water conditions prior to the 
hurricane season. 

 

 
 
 
 
 
 
 
Figure	
  I.1.1-­‐2:	
  Heat	
  map	
  showing	
  
locations	
  of	
  GPS	
  hits	
  from	
  Slocum	
  
glider	
  surfacings	
  during	
  reporting	
  
period.	
  
 

 

Figure	
  I.1.1-­‐3:	
  Map	
  showing	
  locations	
  of	
  glider	
  deployments	
  during	
  Gliderpalooza	
  2013.	
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During the summer of 2013 MOST supported the purchase and deployment of a Liquid Robotics wave 
glider in the Gulf of St. Lawrence. The wave glider was equipped with acoustic receivers to detect 
tagged salmon as well as a suite of oceanographic sensors to measure surface conditions. This new, 
mobile receiver patrolled key areas in the Gulf and detected several species that had been acoustically 
tagged, including salmon, cod and snow crab. Near the end of the reporting period the wave glider was 
once again deployed, this time off the Scotian Shelf. The glider is acting as a autonomous, mobile 
upload station for bottom-mounted acoustic receivers, such as the ones on the Halifax Line, obviating 
the expensive need to charter vessels and send out personnel. For this reporting period the wave glider 
traveled over 8700 km. 

New optical data products: chlorophyll concentration – Progress on the algorithm, which is intended to 
increase the accuracy of chlorophyll-a estimates made by OTN’s Slocum gliders, has continued over the 
past year. It has successfully been implemented on the data from a glider mission, and is in the process 
of being validated and made more robust. Results were presented by Matt Beck at the Ocean Optics 
conference in Glasgow for which a 16-page extended abstract was also submitted. More recently, Matt 
has discovered that the signal from one of the optical sensors on the glider, CDOM fluorescence, can 
explain significant amounts of variability in the optical relationship underlying his multi-parameter 
calibration of the chlorophyll fluorometer. The analysis is being checked in preparation for a 
presentation at the Ocean Sciences Meeting in February 2014, completion of his thesis, and preparation 
of a manuscript. Data from the entire OTN Glider program is currently being processed, and once it has 
been demonstrated that the method can be implemented more widely across more glider missions, it will 
be made available for general use by other OTN researchers. 

New approaches to modeling biological-optical-physical interactions – In consultation with Katja Fennel 
and Hugh MacIntyre, John Cullen developed a bio-physical modeling framework that replaces 
chlorophyll a with measures related to the absorption of light by phytoplankton, thereby streamlining the 
modeling effort, generating predictions that can be compared directly with optical observations, and 
eliminating sources of error. The modeling framework was described in a poster presented at the Ocean 
Optics Conference in Glasgow and in public lectures at the Bedford Institute of Oceanography, Bigelow 
Laboratory for Ocean Sciences and Woods Hole Oceanographic Institution. During the reporting period, 
it was recognized that it would be important to compare steady-state solutions for the new modeling 
system with those of conventional models, so Cullen focused on implementation and analysis. 

OO. After completing his course work and comprehensive exams, Mathieu is moving forward in his 
research and have started working towards completing his PhD thesis proposal. 

He has continued to analyze the data from gliders, ADCP/CTD moorings and the ten benthic pod shelf-
wide array. He is examining the physical hydrographic data and attempting to relate conditions to 
detections on the acoustic curtain. 

AC. Our main objectives over this past year were to: 1) enhance the accelerometer tag design to a point 
where commercial spin-off is possible; 2) conduct multiple free-swimming trials (Aquatron pool tank) 
on various sizes of pollock and cod to define acceleration metrics that scale with size; 3) conduct free 
swimming trials in the wild with various sizes of shortnose sturgeon in collaboration with Matthew 
Litvak (Mount Allison) and his team working with conventional V9 acoustic tags to define acceleration 
metrics that scale with size as well as identify sturgeon activity (e.g. feeding) patterns; 4) conduct free 
swimming trials in the wild with Atlantic sturgeon in collaboration with the Mike Stokesbury (Acadia) 
and his team working on hydro-acoustic tagging to measure tail-beat frequency and define sturgeon 
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activity patterns that may be related to ambient noise) using in-house developed inertial navigator tags 
(3-axis accelerometer, 3-axis magnetometer [pitch, roll, yaw], and 3-axis compass); 5) publish a peer-
reviewed paper on the use of high-frequency accelerometer tags and their utility in identifying fish 
activities; and 6) publish a paper on the new tag technology and application.  

1. Enhance the accelerometer tag design (Figure I.1.1-
4): To date, have developed a light-weight, high-
frequency micro-accelerometer data logger (Weelog 
mini) that not only can record acceleration at high 
sampling rates (up to 20 times higher than 
comparable tags), but is also very cost-effective 
(25% the cost of comparable tags). This technology 
is being commercialized by Maritime bioLoggers. 
Maritime bioLoggers is currently raising funds to 
further develop this technology to advance to a stage 
where on-board processing of data is possible, 
delivering information on fish behaviour and activity 
in near real time. The applications for such a tag 
would reach aquatic, terrestrial and medical, markets 
spanning academic, aquaculture, industrial and 
governmental research agencies. Maritime 
bioLoggers was founded by A. Bezanson and F. 
Broell. 

Figure	
  I.1.1-­‐4:	
  Illustration	
  of	
  the	
  Weelog	
  mini	
  accelerometer	
  tag	
  with	
  pressure	
  case.	
  

2. Data from multiple free-swimming trials (Aquatron pool tank, Figure I.1.1-5) with pollock and 
Atlantic cod are currently being used to test relationships between size and acceleration (tail beat 
frequency; TBF). The focus will be to obtain relationships between acceleration (TBF) and size, 
and possibly other acceleration metrics. A spin-off of these experiments has resulted in research to 
establish the effect of external tags on Atlantic cod (Honours Student, Celene Burnell) through 
extracting variations in aberrant behaviour from acceleration records. We expect these results to 
not only give insights on tagging effect, but also potential relations to ectoparasites and the impact 
such parasites may have on cod — a key species in the North Atlantic ecosystem that provide 
economical value in commercial fisheries and aquaculture production. 
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Figure	
  I.1.1-­‐5:	
  Atlantic	
  cod	
  school	
  with	
  some	
  individuals	
  tagged	
  with	
  Weelog	
  mini	
  accelerometers.	
  	
  

3. In collaboration with Matthew Litvak and Andrew Taylor (MSc student) at Mount Allison we 
successfully deployed Desert Star Systems Pop-up satellite tags (PSAT) that are capable of 
recording temperature, depth, light levels and the Weelog mini tags in October 2012. Six 
deployments with six fish of different sizes (83 cm - 109 cm) were successfully carried out 
collecting ~144 hours of high-frequency accelerometer data (50 Hz) and 100 hours of associated 
temperature, depth and light data (1 Hz). This was the first time high-frequency recording 
acccelerometers were deployed on a fish in the wild. Preliminary analyses show how shortnose 
sturgeon change their behaviour and activity pattern in relation to variations in environmental 
variables (ambient light, temperature, depth) and we are able to show how these animals change 
their activity with respect to changes in tidal velocity. We also designed, developed and used a 
stable (double axial pin) release system that allowed us to have the accelerometer stable (fixed) 
while also allowing the PSAT (conventionally single attachment point) to release. 

4. Develop the inertial navigator tag: An inertial tag (35x18x6 mm) was developed using 3-axes 
accelerometer (nominally 50 Hz), magnetometer and compass. The inertial sensor developed by 
Bezanson was deployed on Atlantic sturgeon in the Minas Basin in collaboration with Mike 
Stokesbury (Acadia) and his MSc student, Jeff Beardsall, in October 2012. The aim of this 
research is to investigate post-release behaviour, TBF and behavioural response to ambient noise 
in the Minas Basin. Analyses are underway.  

5. Publish peer-reviewed paper on high-frequency accelerometer tags and identifying fish activities: 
We have published (Broell et al. Feb. 2013; listed below) a paper entitled ‘Accelerometer tags: 
detecting and identifying activities in fish and the effect of sampling frequency.’ The paper 
focuses on a novel use of accelerometer tag technology to remotely detect and identify fish activity 
that occurs over short time scales (ms) as well as the effect of accelerometer sampling frequency 
on detection and identification We developed statistical algorithms that are capable of detecting 
fast-start activities (feeding and escape) with 90% confidence and identifying them with 80% 
confidence. We also show that identification probabilities decrease significantly if sampling 
frequency is less than 50 Hz, which is typical in comparable studies using conventional 
accelerometer tags.  
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6. Publish a paper on the new tag technology and application: We have completed a draft 
manuscript, Bezanson A.B., Bröll, F., Taggart, C.T. "Light-weight, low-cost acceleration data-
logger for monitoring animal movement”. We will submit the paper to Animal Biotelemetry by 
the end of 2013. The paper details the design and fabrication of a low cost acceleration data-
logger for investigation of the activity of aquatic wildlife. As acceleration is directly linked to 
factors such as animal activity, metabolic rate, feeding patterns and response to predatory 
stimuli, the data-logger provides valuable data. It is shown that to correctly identify activities, 
high sampling rates are essential (Broell et al. 2013). Commercially available (costly) 
acceleration sensors typically offer low frequency (1-30 Hz) sampling rates [e.g.,VEMCO, 
Cefas, Little Leondardo Ltd.] and are mostly bulky devices [e.g. Cefas Tag: 40mm x 28mm x 
15mm at 7.3g or Little Leonardo: 12x45mm at 10g), which means our data-logger represents a 
significant advancement in the development of low cost marine acceleration sensors. In the 
design of a low cost acceleration data logger, several key factors are taken into consideration, 
such as size, weight, buoyancy, sampling rate and sampling duration. The aim of the paper to 
provide a discussion on the design decisions and tag application as an aid in the development of 
future aquatic data-loggers. We hope this paper will be the first step in marketing Maritime 
bioLoggers.  

7. Academic Progress: F. Broell has successfully passed her qualifying exam "With Distinction" 
(rare in Oceanography) and successfully defended her Thesis Proposal with Dr. J. Astephen-
Wilson as External Examiner – a world expert on accelerometry and signal analysis. Thesis 
defence is expected in late 2014. 

c) Significant	
  deviations	
  

OG, AC. There have been no significant deviations. 

OO. Mathieu obtained a scholarship to go spend 4 months working at the Institute of Marine Research in 
Bergen, Norway. This collaboration fits within Mathieu’s topic and has provided the opportunity to 
broaden Mathieu’s objectives by incorporating a comparative study with the Norwegian shelf system in 
his thesis. 

d) Coordination	
  and	
  integration	
  

OG, OO. Marine Operations Support Team hosts regular bi-weekly meetings so that any interested 
researchers and collaborators can participate in the design and implementation of operations. In the 
interleaved bi-weekly slot MOST attends the OTN status meeting so that the wider OTN community 
remains up-to-date in all aspects of glider operations. The glider and fixed oceanographic observations, 
as well as CTD data collected by the Bedford Institute of Oceanography has been provided to 
oceanographic modelling groups for assimilation into their models (which greatly improves their 
predictive power) and for validation of the models.  This data, which is made available as soon as 
quality control and quality assurance has been completed, is available for any of the other investigators. 

AC. Franziska Broell, in concert with Taggart, has taken the lead in virtually all of our collaborations 
within the OTN Atlantic Area, including Litvak et al. (Mount Allison), Stokesbury et al. (Acadia), 
Maritime bioLoggers in Halifax, Desert Star Systems in California, USA as well as Aquatron personnel, 
including the University Veterinary. These have been achieved through scheduled one-on-one and team 
meetings as well as regular Skype meetings and email coordination and in-the-field operations. She has 
also taken the lead in working with our international colleagues including Takuji (Kyoto University), 
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Serena Wright (CEFAS and Swansea University, UK), Paolo Domenici (Istituto per l'Ambiente Marino 
Costiero, Italy), and John Fleng Steffensen (University of Copenhagen) See also 8. below (Networking 
and integration. 

e) Scientific	
  and/or	
  engineering	
  significance	
  

OG. The glider group has delivered on its remit: to develop the capability for routine operations of 
gliders with the delivery of oceanographic data suitable for a broad range of users. With this capability 
comes a great deal of technical expertise that has many scientific and engineering applications, as 
demonstrated by the group’s wave glider operation, including cost-saving downloading of data from 
bottom-mounted receivers, and their invited participation in an international glider deployment project. 

The combination of the sensor suite installed on the gliders and the research efforts of Matt Beck allows 
the use of multiple proxies to detect and describe phytoplankton dynamics on the Scotian Shelf. Figure 
I.1.1-6 shows the 2013 spring phytoplankton bloom measured using three estimates of chlorophyll 
concentration, which track each other well in both trends and magnitudes but with interpretable 
differences. Increased chlorophyll concentration associated with the spring bloom is evident in the April 
transect, particularly as the glider returned to shore mid-April. Variability in the diffuse attenuation 
coefficient tracks biomass estimates as expected (K. Lagman, M.Sc. thesis). 

OO. Mathieu developed a method to separate and quantify the respective contributions of wind driven 
and buoyancy driven motions within a coastally-trapped current. Mathieu’s also provided preliminary 
results hinting that acoustic detections of tagged salmon smolts could be correlated to the coastal 
circulation and hydrography. 

AC. To date our work has shown that various metrics derived from remote accelerometer data scales 
with fish size and thus can be used to remotely estimate fish growth in the wild. Our work also shows 
that a >30Hz sampling frequency is essential to detect and identify fish activity in the wild and that those 
activity estimates, along with swimming costs (e.g., tail beat frequency) can be used for metabolic and 
energy expenditure estimation. From an engineering perspective, our novel accelerometer tags have 
been greatly enhanced in terms of size and energy consumption and are now being sold through 
Maritime bioLoggers including national and international (Virginia, USA) customers with a revenue of 
$ 10,000. Further research and development will revolve around on-board processing and incorporating 
Broell's algorithms into the tag microprocessor. Funding for this R&D is being secured through 
Inovacorp Early Stage Venture Capital competitions (I-3 Technology & ESCF, see above) 
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Figure	
   I.1.1-­‐6:	
   Spring	
   bloom	
   dynamics	
   on	
   the	
   Scotian	
   Shelf	
   for	
   2013.	
   The	
   upper	
   panel	
   shows	
  
distributions	
  of	
  chlorophyll	
  fluorescence	
  as	
  measured	
  during	
  two	
  out-­‐and-­‐back	
  glider	
  transects	
  during	
  
March	
   and	
  April.	
   Three	
  optical	
  measures	
   of	
   depth-­‐integrated	
   chlorophyll	
   a	
   in	
   the	
  water	
   column	
  are	
  
compared	
   in	
   the	
  middle	
  panel:	
   i)	
   chlorophyll	
   from	
   the	
   factory	
   calibration	
  of	
   the	
   fluorometer	
  on	
   the	
  
glider	
   (light	
   green),	
   ii)	
   chlorophyll	
   from	
   fluorescence	
   calibrated	
   against	
   the	
   diffuse	
   attenuation	
  
coefficient	
   for	
   sunlight	
   at	
   490	
  nm	
  as	
   a	
   proxy	
   for	
   chlorophyll	
   (red;	
  Matthew	
  Beck’s	
   application	
  of	
   an	
  
approach	
  introduced	
  by	
  Xing	
  et	
  al.	
  (JGR	
  2011)),	
  and	
  iii)	
  chlorophyll	
  estimated	
  from	
  backscatter	
  using	
  a	
  
conversion	
   developed	
   by	
   Cetinic	
   et	
   al.	
   (JGR	
   2012).	
   Below:	
   the	
   diffuse	
   attenuation	
   coefficient	
   for	
  
sunlight	
  at	
  490	
  nm,	
  averaged	
  over	
  the	
  upper	
  50	
  m.	
  	
  

7.	
  Difficulties	
  encountered	
  

	
   Equipment	
  and	
  technology	
  issues	
  (e.g.	
  delivery	
  and	
  malfunctioning	
  of	
  equipment)	
  

OG. Leaking fluorometers to a heavy toll on the gliders in late 2012 and early 2013. Glider 200 was sent 
back to Webb in late August 2012 for calibration and replacement of the fluorometers. It was shipped 
back in late February 2013. Glider 201 aborted a mission in December 2012 by prematurely ejecting its 
emergency weight. Troubleshooting this issue took considerable time but was finally traced to a bad 
mold in the cable to the oxygen optode. Currently the oxygen sensors have been removed from both 
gliders. While not a technical problem, the wave glider ended its Gulf of St. Lawrence mission early due 
to a shark attack in August 2013. 
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AC. Equipment and technology issues: The one major difficulty we have encountered has been the long-
term maintenance of pollock and cod in the Aquatron facility. Though we have worked closely with 
Aquatron staff and the University Vet, all animals that were kept for long-term growth studies (>1 year) 
died within three months of the conclusion of the initial swim trials due to bacterial infection and 
unrelated to our tagging protocols. This means repeat experiments for size-at-time (growth) and 
accelerometer studies could not be conducted. We have also encountered difficulties with pop-up tags 
(PSATs) from Desert Start while deploying our accelerometers in the field. Due to technical problems, 
40% of the trials the PSATs did not record any data (temperature, light, depth). Fortunately, our high-
frequency accelerometer tags recorded successfully in all deployments! We also helped Desert Star 
solve their data storage and retrieval problems. 

8.	
  Networking	
  and	
  outreach	
  

a) Intra-­‐network	
  collaboration	
  and	
  partner	
  meetings	
  

OG, OO. As well as the regular meetings reported in section 7d, the observation group met with the 
modelling component of OTN in November 2012. The wide-ranging discussion led to a more 
streamlined process of delivering data to the modellers, including CTD data collected by DFO as part of 
its Atlantic Zone Monitoring Program. 

AC. Subsequent to the 2011 and 2012 OTN symposium meetings we have established formal 
collaborations that did not exist at the outset of our OTN research. This includes the collaborations with 
Litvak et al. (Mount Allison), Stokesbury et al. (Acadia) as detailed above under our Objectives. To date 
these have proven rewarding for all collaborators due to the various synergies and will continue into the 
future.  

In our 2012 report, we addressed how we would use ocean modeling and assimilation of tag data to 
determine ‘most likely’ fish trajectories and we had completed a series of semi-formal discussion and 
planning exercises to collaborate with ocean modellers Keith Thompson and Anna Katavouta (PhD 
student). Our goal was to address the assimilation of accelerometer where the tag data time, temperature, 
depth and acceleration (size-at-time, i.e. growth) plus constraints on swimming velocity using tail beat 
frequency and size. The ocean model would provide the x, y, z temperature and flow fields that can be 
used to determine the ‘most likely’ trajectories (and growth rates from temperature-at-time) through 
minimizing a cost function over all possible paths based on time and size-varying constraints. These are 
measures that can be used to determine temperature-dependent growth over time as well as activity and 
energy budgets. The results can directly impact fishery regulations and management policies that hinge 
on credible science relevant to sustainable management where there are challenges in obtaining reliable 
data on stock metrics (number, size, biomass, age, growth, maturity, fecundity, spawning, distribution 
etc.). Growth is a key as it influences maturity and fecundity and with numbers it determines biomass. 
We intended to further this “integration” of the tag/accelerometry data with the ocean models. However, 
tag deployment on wild fish (e.g., cod or haddock) has not yet been achieved (though achieved on wild 
sturgeon) in a timely manner due to PSAT limitations and the developmental status of our accelerometry 
tag at that time. Further, our ability to pursue this further has been somewhat compromised due to the 
Thompson modeling component terminating early. There remains a distinct possibility that Katavouta 
and Broell could complete a meaningful and publishable study based on a “theoretical” fish by drawing 
on her free-swimming haddock, our earlier published thermal-integral-dependant growth models, and 
Katavouta’s downscaling achievements on the Scotian Shelf. This would be, in part, similar to that 
achieved with the eel movement and ocean model studies. 
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b) Interaction/outreach	
  to	
  broader	
  community	
  

OG. During the period of October 2012 – September 2013, Matthew Beck made several presentations 
on the work he is conducting for OTN, at both internal and external meetings. An oral summary was 
provided at the November 6, 2012 OTN Canada Observations Group and a 15 minute presentation was 
given at the June 3, 2013 Annual OTN Symposium, both of which took place at Dalhousie University, 
Halifax. In addition to keeping members within the Network informed of the work being done, 
presentations were made to the wider scientific community in the form of a poster and extended abstract 
at the October 12, 2012 Ocean Optics conference in Glasgow, Scotland and a 15-minute presentation at 
the March 22, 2013 Conference for Dalhousie Oceanography Students at Dalhousie University, Halifax. 
Additionally, Matthew took part in a month-long graduate-level course offered by the University of 
Maine, “Calibration and Validation for Ocean Color Remote Sensing”, during July 2013. This course 
provided instruction in advanced optical theory important for the next level of development of the 
algorithm that is the focus of Matthew’s work.  

OO. Mathieu had an opportunity to go spend 4 months working at the Institute of Marine Research in 
Bergen, Norway. This collaboration has provided the opportunity to broaden Mathieu’s objectives by 
conducting a comparative study with the Norwegian shelf system. While Mathieu will benefit from the 
perspective of other researchers specialized in his research topic, it will also generalize Mathieu’s study 
and conclusions. 

9.	
  Dissemination	
  of	
  information	
  and	
  results	
  

a) Refereed	
  journal	
  articles	
  (2	
  total)	
  –	
  accepted/published	
  

Broell, F., Noda, T., Wright, S., Domenici, P., Steffensen, J.F., Auclair, J-P., Taggart, C.T. submitted. 
Accelerometer tags: detecting and identifying activities in fish and the effect of sampling 
frequency. J. Exp. Biol. 216, 1255-1264 (AC) 

Duff, J., Dean, H., Gazit, T., Taggart, C.T, Cavanagh, J.H. Accepted. On the right way to right whale 
protections in the Gulf of Maine - Case study. Journal of International Wildlife Law and Policy. (AC) 

b) Refereed	
  journal	
  articles	
  (0	
  total)	
  –	
  submitted	
  
	
  
c) Conference	
  presentations	
  (1	
  total)	
  –	
  invited	
  

Broell, F., Bezanson, A., Taggart, C.T., Auclair, J.-P. 2013. Challenges of animal activity recognition 
using tri-axial accelerometers: a time series approach. Invited Speaker, 3rd OTN Canada 
Symposium, Dalhousie University, June 2013 (AC) 

d) Conference	
  presentations	
  (9	
  total)	
  –	
  contributed	
  

Beck, M.R., A.J. Comeau, R.F. Davis, J.D. Pye and J.J. Cullen. Defining a multi-parameter optics-based 
approach for estimating chlorophyll a concentration using ocean gliders. Ocean Optics XXI, 
Glasgow, October 2012 (poster). (OG) 
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Beck, M.R., A.J. Comeau, R.F. Davis, J.D. Pye and J.J. Cullen. Defining a multi-parameter optics-based 
approach for estimating chlorophyll a concentration using ocean gliders. Ocean Optics XXI, 
Glasgow, October 2012 (Extended abstract: 16 pp). (OG) 

Beck, M.R. Increasing the accuracy of fluorescence-based chlorophyll a estimates. Ocean Tracking 
Network Observations Group Gathering, November, 2012. (OG) 

Beck, M.R. Getting better estimates of chlorophyll a: a fluorometer-based optical approach. Conference 
for Dalhousie Oceanography Graduate Students, March 2013. (OG) 

Beck, M.R. Obtaining better estimates of chlorophyll a for OTN tracking studies: a fluorometer-based 
optical approach. Third Annual Ocean Tracking Network Symposium, June 2013. (OG) 

Broell, F., Bezanson, A., and Taggart, C.T. 2013. Fish and Chips – a new technology to measure fish 
behaviour, activity and growth rate. Conference for Dalhousie Oceanography Graduate Students, 
March 2013. Oral presentation. (AC) 

Cullen, J.J., K. Fennel and H.L. MacIntyre. Modelling the Photosynthesis and Growth of Phytoplankton 
Without Relying on Chlorophyll as a Linchpin Variable. Ocean Optics XXI, Glasgow, October 
2012 (poster). (OG) 

Dever, M., J. Kocik, D. Hebert, B. Greenan and P. Smith. “Do ocean physics have an impact on fish 
migration patterns?” at 3rd Ocean Tracking Network Symposium in Halifax, Canada. 03/06/2013 (OO) 

Dever, M, D. Hebert, B. Greenan, J. Sheng and P. Smith. Monitoring the Halifax Line using underwater 
gliders , Conference of Dalhousie’s Graduate Students – Halifax, Nova Scotia – March 2013 (OO) 

10.	
  Other	
  contributions	
  and	
  deliverables	
  

a) Radio	
  or	
  television	
  interview	
  or	
  contribution	
  to	
  a	
  programme/documentary,	
  etc.	
  

CBC Fifth Estate, “Ironman”: segments from an interview with John Cullen: 
http://www.cbc.ca/fifth/episodes/2012-2013/ironman (OG) 

Extended interview with John Cullen: http://www.cbc.ca/fifth/blog/more-with-john-cullen 
(Note that the original interview included extensive discussion of ocean gliders). (OG) 

Radio Canada International interview segment: http://www.rcinet.ca/english/daily/reports-2012/16-
30_2012-10-29-controversy-over-ocean-geoengineering-experiment/ (OG) 

CTV Canada AM, interview with Richard Davis: Wave Glider operations in the Gulf of St. Lawrence. 
17 June 2013 (OG) 

b) Invited	
  or	
  contributed	
  open-­‐to-­‐public	
  presentation/contribution	
  

Cullen, J.J. “Should we continue to use chlorophyll as the principal measure of phytoplankton biomass 
for another 70 years? (With apologies to Karl Banse).” Bigelow Laboratory for Ocean Sciences, 
Maine, June 2013. (OG) 
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Cullen, J.J. “Chlorophyll as the measure of phytoplankton biomass: Time to move on.” Public lecture, 
Woods Hole Oceanographic Institution, August 2013. (OG) 

c) Invited	
  or	
  contributed	
  presentation/contribution	
  at	
  a	
  workshop	
  

Cullen, J.J. “Measurements and models of primary productivity.” C-MORE Summer Course “Microbial 
Oceanography, Genomes to Biomes”. Hawaii, June 2013. (OG) 

d) Invited	
  or	
  contributed	
  presentation/contribution	
  at	
  a	
  seminar	
  series	
  

Cullen, J.J. “Should we continue to use chlorophyll as the principal measure of phytoplankton biomass 
for another 70 years? (With apologies to Karl Banse).” Bedford Institute of Oceanography, April, 
2013. (OG) 

Dever, M., D. Hebert, B. Greenan and J. Sheng. “On buoyancy driven, coastally-trapped currents”. 
Physical Oceanography and Meteorology Seminar Series, Dalhousie University, Halifax, Canada. 
20/06/2013 (OO) 

Dever, M. “Getting to the bottom of surface currents using both Canadian and Norwegian coastal 
currents” at Institute of Marine Research in Bergen, Norway. 19/09/2013 (OO) 

Dever, M., Ø. Skagseth, K. Drinkwater and S. Sundby.   Improved method to characterize coastally-
trapped, buoyancy-driven current: A comparison between the Nova Scotia Current and the 
Norwegian Coastal Current,  Geophysical institute at the university of Bergen – Bergen, Norway – 
December 2013 (OO) 

e) Data	
   reports,	
   technical	
   reports,	
   manuscript	
   reports,	
   advisory	
   documents,	
   briefing	
   notes,	
  
handbook	
  or	
  guide,	
  checklist,	
  barcode,	
  CTD	
  casts,	
  and/or	
  Glider	
  runs,	
  as	
  well	
  as	
  a	
  contribution	
  to	
  
a	
  larger	
  piece	
  of	
  work	
  in	
  any	
  of	
  the	
  former	
  	
  

Hebert, D., Pettipas, R., Brickman, D., and Dever M. 2013. Meteorological, Sea Ice and Physical 
Oceanographic Conditions on the Scotian Shelf and in the Gulf of Maine during 2012. DFO Can. 
Sci. Advis. Sec. Res. Doc. 2013/058. v + 46 p. (http://www.dfo-mpo.gc.ca/csas-sccs/Publications/ 
ResDocs-DocRech/2013/2013_058-eng.html) (OO) 

f) Data	
  deposition	
  to	
  an	
  agency/database	
  (e.g.,	
  MEDS,	
  GenBank,	
  OBIS)	
  

Near real-time data from the glider was sent to ISDM and distributed on the Global Telecommunications 
Network for use in operational meteorology (e.g. weather forecasting) and oceanography by the world 
community. (OG) 

Benthic pod and ADCP/CTD mooring data provided to appropriate data centres and made available to 
everyone as soon as quality control and quality assurance has been completed, usually with a couple 
weeks after collection. (OO) 
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k)	
   Anything	
  else	
  that	
  isn't	
  a	
  primary	
  publication	
  that	
  has	
  you	
  communicating	
  with	
  others	
  

Based on preliminary results, Mathieu help prepare a proposal to DFO to support the deployment of 
ADCP/CTDs on Saint Anns Bank Area of Interest to better understand the physical processes occurring 
over the Scotian Shelf. Through support from DFO's Health of the Oceans (HOTO), a single mooring 
and thermistor chain was deployed during the April/October period. (OO) 

At BIO open house, celebrating 50 years as an institution, a display of the glider operations and AZMP 
was manned by several of us, including a bilingual component for the French language schools. (OO) 

That (2009-2012) CTD data was made available through an internal web site. Earlier data is available 
through DFO's on-line databases. (OO) 

Broell, F. (2013) Fish & Chips: A new technology to measure fish behaviour, activity & growth. 
Current Tides 1, 4-8. (AC) 

l)	
   Leveraging	
  your	
  research/funds	
  in	
  order	
  to	
  make	
  a	
  new	
  contribution	
  to	
  another	
  initiative	
  

Innovacorp Early Stage Venture Capital competitions (I-3 Technology & ESCF) to further devlop and 
enhance the Weelog mini accelerometer tag. (AC) 

n)	
   A	
  new	
  technology,	
  method,	
  protocol,	
  measure,	
  analytical	
   technique,	
  algorithm,	
  operational	
  or	
  
numerical	
   model,	
   or	
   predictive	
   tool.	
   Include	
   the	
   validation	
   of	
   any	
   of	
   the	
   former	
   and	
   their	
  
practical	
  application	
  

Chlorophyll data products from Matt Beck (OG) 

Our high-frequency accelerometer and inertial tags represent a new and advanced technology of interest 
to industry and a number of other researchers who are interested in various practical applications 
ranging from research, to aquaculture and various government agency applications. We have further 
developed statistical and programing procedures for estimating various acceleration metrics that are used 
to estimate fish size and therefore growth and to detect and identify various activities (feeding, escape, 
passive movements etc.). Maritime bioLoggers aims to incorporate these algorithms into on-board 
processing of the current technology. (AC) 

o)	
   A	
  proof	
  of	
  concept	
  in	
  relation	
  to	
  any	
  of	
  the	
  above	
  	
  

All of our accelerometer tags have been successfully deployed in the laboratory and in the field. Further 
development and commercialization through Maritime bioLoggers attests to the success of the concept. 
(AC) 

p)	
   Baseline	
   measures	
   (e.g.	
   reference	
   for	
   change),	
   empirical	
   relations	
   (e.g.	
   rates	
   and	
   states),	
   or	
  
mapping	
  products	
   (e.g.	
   range	
  expansion	
  or	
   contraction)	
  especially	
   if	
   of	
  use	
   to	
  other	
   scientists	
  
and	
  the	
  organizations	
  listed	
  above	
  

We have established baseline measures (e.g., reference for change), empirical relationship (e.g., rates 
and states), and critical sampling frequencies related to aliasing of value to other scientists and the 
organizations listed above. (AC) 



Ocean Tracking Network Canada Annual Reports Year 4 (2013)	
   Iverson et al. 158749 
 

	
  
Project I.1.1: Integrated Interdisciplinary Observing and Modeling Platform Page 37  Page 37	
  

q)	
   Other	
  

Franziska Broell received the 2013 C-DOGS CMOS prize for best overall talk ($250CAD). (AC) 

Through Andre Bezanson, Maritime bioLoggers was awarded a First Angle Netword award for 'best 
business pitch' ($2500) as part of a course through Springboard Atlantic. (AC) 

Franziska Broell passed her Qualifying Exam with “Distinction” – rare in Oceanography. (AC) 

11.	
  Collaborations	
  with	
  industrial	
  and	
  government	
  partners	
  

a) Partners	
  

AC. Our technological advancements are now being commercially available through Maritime 
bioLoggers (www.maritimebiologgers.com). To date, national and international sales total close to 
$10,000. 

b) Contributions	
  
 
Name	
  of	
  supporting	
  organization:	
   Year	
  4	
  
Department	
  of	
  Fisheries	
  and	
  Oceans	
   (2013)	
  
Cash	
  contributions	
  to	
  direct	
  costs	
  of	
  research	
    	
  
In-­‐kind	
  contributions	
  to	
  direct	
  costs	
  of	
  research	
   	
  
1) Salaries	
  for	
  scientific	
  and	
  technical	
  staff	
   $12	
  000	
  
2) Donation	
  of	
  equipment,	
  software	
   	
  	
  
3) Donation	
  of	
  material	
   	
  	
  
4) Field	
  work	
  logistics	
   $1	
  000	
  
5) Provision	
  of	
  services	
   $25	
  000	
  
6) Other	
  (specify):	
  	
   	
  	
  
In-­‐kind	
  contributions	
  to	
  indirect	
  costs	
  of	
  research	
   	
  
1) Use	
  of	
  organization’s	
  facilities	
   $16	
  000	
  
2) Salaries	
  of	
  managerial	
  and	
  administrative	
  staff	
   	
  	
  
3) Other	
  (specify):	
  	
   	
  	
  
Total	
  of	
  all	
  in-­‐kind	
  contributions	
   $54	
  000	
  	
  

12.	
  Expenditures	
  and	
  Support	
  

c)	
   Remaining	
  projected	
  balance	
  

OG. Barring extraordinary expenses for emergency recovery of an autonomous vehicle or repair of 
unexpected damage, the projected balance for the glider group on December 31, 2013 will be about 
$15,000. We propose that the funds be used for 5 months of continued support for graduate student 
Matthew Beck through his completion date in May, 2014 ($8,500) and travel, lodging and per diem 
costs for his attendance at the 2014 Ocean Sciences Meeting in Honolulu (ASLO, TOS, AGU: 23 - 28 
February), for which Beck’s abstract has already been accepted ($2,300, including very cheap rent for a 
condominium shared by several students). We propose that the remaining $4,200 be reserved for 
contingencies in glider operations, including emergency recovery operations and repair of damage. For 
example, the cost for recovering a glider more than 100 nm offshore could run as much as $20,000. 
Without such a reserve, the investment in a glider could be lost. 
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OO. It should be made clear that the OO part of this group has only student stipend support since that is 
all that an Adjunct Faculty (initially Smith, now Hebert) can obtained from NSERC. With the previous 
cuts in this budget, the full stipend amount in this component is not available; it was fortunate that the 
student Mathieu Dever started late. Thus, the carry-forward (and for Phase II, early completion of his 
degree) hopefully will contain sufficient funds for his stipend while a student. There are no other funds 
available to support him. 

AC. All funds will be exhausted on or before 31 December 2013. 

d)	
   Actual	
  expenses	
  for	
  October-­‐December,	
  2012	
  (AC)	
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Ocean	
  Tracking	
  Network	
  Canada	
   	
   	
   	
   	
   	
   NSERC	
  
Progress	
  Report	
  Year	
  4	
  Review:	
  1	
  October	
  2012	
  –	
  30	
  September	
  2013	
  
	
  

I.	
  Atlantic	
  Arena	
  

1.	
  Project	
  Number:	
  I.1.2	
  

2.	
  Project	
  Title:	
  Integrated physical and biological modeling component	
  

3.	
  Project	
  Leaders:	
  J. Sheng, K. Fennel (Dalhousie)	
  
Collaborators:	
  K. Thompson, J. Cullen (Dalhousie); P. Smith, B. Greenan (DFO)	
  

4.	
  Public	
  summary	
  of	
  report	
  

During this reporting period we implemented a data-assimilative framework for our physical-
biogeochemical model of the northwestern North Atlantic Ocean and implemented a new method for 
bias correction that had not previously been used for biogeochemical models. Numerical models that 
accurately simulate physical, chemical and biological processes are a key tool for describing current and 
future environmental ocean conditions; however, a paucity of detailed ocean observations has severely 
limited efforts to critically evaluate models and improve their realism. Assimilating new observational 
data streams collected by the OTN and available from other sources results in more accurate model 
hindcasts and will ultimately allow us to improve process-level representations and parameterizations 
underlying the model predictions. One step toward such improved process-level representations, carried 
out during this reporting period, was the analysis of phytoplankton dynamics in the model. In order to 
relate the model-simulated biogeochemical conditions to marine animals we compiled preferred oxygen 
and temperature ranges and critical thresholds for those marine animals in our study region that are 
either commercially important or at risk.  

Significant progress was made in developing a three-dimensional individual-based model (IBM) based 
on the Lagrangian approach to simulate distributions and migrations of the American eel in the Gulf of 
St. Lawrence. It was found that the physical environment significantly affects the movements of 
American eels in the region. Significant progress was also made in assessing the different nesting 
techniques to exchange information between different sub-components of a nested-grid ocean modelling 
system. Finally a 5-level nested-grid ocean circulation model was used in the investigation of 3D 
circulation, hydrography and hydrodynamic connectivity in the Sable Gully.   

5.	
  Training	
  of	
  Highly	
  Qualified	
  Personnel	
  

a) HQP	
  and	
  level	
  of	
  support	
  
	
  

Name	
   Title	
   %	
  Time	
  in	
  
project	
  

%	
  Support	
  
from	
  SNG	
  

Dates	
  

Laura	
  Bianucci	
   PDF	
   100	
   100	
   1	
  Oct	
  2012	
  –	
  31	
  Oct	
  2012	
  
Research	
  topic:	
  Coupled	
  physical-­‐biological	
  and	
  biogeochemical	
  modeling	
  of	
  the	
  northwestern	
  North	
  Atlantic	
  
Laura	
  Bianucci	
   RA	
   100	
   100	
   1	
  Nov	
  2012	
  –	
  30	
  Sept	
  2013	
  
Research	
  topic:	
  Coupled	
  physical-­‐biological	
  and	
  biogeochemical	
  modeling	
  of	
  the	
  northwestern	
  North	
  Atlantic	
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Name	
   Title	
   %	
  Time	
  in	
  
project	
  

%	
  Support	
  
from	
  SNG	
   Dates	
  

Karl	
  Lagman	
   MSc	
   100	
   100	
   1	
  Oct	
  2012	
  –	
  31	
  Aug	
  2013	
  
Thesis	
  topic:	
  Bias	
  correction	
  of	
  biological	
  variables	
  through	
  spectral	
  nudging	
  and	
  derivation	
  of	
  plankton	
  biomass	
  estimates	
  
from	
  bioprobes	
  
Kyoko	
  Ohashi	
   PDF	
   100	
   100	
   1	
  Oct	
  2012	
  –	
  31	
  Dec	
  2012	
  
Research	
   topic:	
   Reconstructing	
   3D	
   circulation	
   on	
   the	
   Gulf	
   of	
   St.	
   Lawrence	
   and	
   Scotian	
   Shelf	
   and	
   effect	
   of	
   physical	
  
environment	
  on	
  the	
  migration	
  of	
  American	
  eels	
  in	
  the	
  region	
  
Kyoko	
  Ohashi	
   RA	
   100	
   70	
   1	
  Jan	
  2013	
  –	
  30	
  Sept	
  2013	
  
Research	
   topic:	
   Reconstructing	
   3D	
   circulation	
   on	
   the	
   Gulf	
   of	
   St.	
   Lawrence	
   and	
   Scotian	
   Shelf	
   and	
   effect	
   of	
   physical	
  
environment	
  on	
  the	
  migration	
  of	
  American	
  eels	
  in	
  the	
  region	
  
Jorge	
  Urrego-­‐Blanco	
   PhD	
  	
   50	
   40	
   1	
  Oct	
  2012	
  –	
  30	
  Sept	
  2013	
  
Thesis	
  topic:	
  Subtidal	
  circulation	
  over	
  the	
  northwest	
  Atlantic	
  Ocean	
  using	
  OPA	
  	
  
Paul	
  Mattern	
   PDF	
   100	
   100	
   1	
  Oct	
  2012	
  –	
  31	
  Aug	
  2013	
  
Research	
  topic:	
  Data	
  assimilation	
  for	
  a	
  coupled	
  physical-­‐biological	
  model	
  of	
  the	
  northwestern	
  North	
  Atlantic	
  
Shiliang	
  Shan	
   PhD	
  	
   100	
   100	
   1	
  Oct	
  2012	
  –	
  30	
  Sept	
  2013	
  
Thesis	
  topic:	
  Numerical	
  study	
  of	
  circulation	
  and	
  hydrography	
  on	
  the	
  Scotian	
  Shelf	
  and	
  shelf	
  break	
  
Yaoming	
  Song	
   PDF	
   20	
   20	
   1	
  Oct	
  2012	
  –	
  30	
  Sept	
  2013	
  
Research	
  topic:	
  Circulation	
  on	
  the	
  Bay	
  and	
  Fundy	
  and	
  the	
  Gulf	
  of	
  Maine	
  
Liuqian	
  Xu	
   MSc	
   100	
   100	
   1	
  Sept	
  2013	
  –	
  30	
  Sept	
  2013	
  
Data	
  Assimilation	
  for	
  a	
  coupled	
  physical-­‐biological	
  model	
  for	
  the	
  northwestern	
  North	
  Atlantic	
  
	
  
b) Role,	
  activities,	
  and	
  opportunities	
  for	
  training	
  

No technical staff is supported by this project. 

6.	
  Progress	
  towards	
  objectives/milestones	
  

a) Overall	
  objectives	
  

Point measurements of the passage of tagged animals across fixed lines of underwater acoustic receivers 
must be interpreted in the context of physical, biological and chemical ocean characteristics. This 
requires a synthesis of physical, biological and chemical measurements by OTN, along with other 
available data streams, in order to generate a dynamically consistent, time-varying, three-dimensional 
view of the ocean. In this project advanced physical, biological and chemical models are developed for 
predicting this time varying, three-dimensional structure of physical (e.g., currents, temperature and 
salinity), biological and chemical variables (e.g. oxygen, nutrients, phytoplankton abundance and other 
measures of the state of lower trophic levels). This modelling work is part of a larger, general purpose 
Observation and Modeling Platform that also supplements existing observational capabilities (within 
OTN and other sustained monitoring programs) with new observation tools (project I.1.1 Advanced 
Observing Component), and develops effective methods for combining the models developed here with 
observations, i.e. data assimilation, (project I.1.3 Data Assimilation Component). This project directly 
supports projects I.2.1 Atlantic Salmon, I.2.2 American Eel, I.2.4 Grey Seals and I.2.5 Sea Turtles by 
providing validated model hindcasts. In addition, this project uses bioprobe data collected by project 
I.2.4 Grey Seals.  
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b) Progress	
  

Specific milestones/tasks for the reporting period were: 

• The optimization of a coupled physical-biogeochemical model of the shelf and adjacent offshore 
waters of Atlantic Canada and analysis of phytoplankton dynamics in the model; 

• Compilation of oxygen and temperature ranges and thresholds for species in the Gulf of St. Lawrence 
and on the Scotian Shelf in order to produce critical habitat estimates based on the biogeochemical 
model for the region; 

• Evaluation of the applicability of the spectral nudging as a technique to correct biases in the 
biogeochemical model; 

• Implementation of a data-assimilation framework for the biogeochemical model; 

• Development and application of an individual-based model for simulating migration of American 
eels in the Gulf of St. Lawrence; 

• Assessment of different nesting techniques for exchanging information between different sub-
components of a nested-grid modelling system;  

• Examination of circulation and hydrodynamic connectivity in the Sable Gully of the Scotian Shelf 
using a 5-level nested-grid model. 

The model optimization was carried out and a paper, led by RA Dr. Bianucci has been submitted that 
describes the method and results. The compilation of oxygen and temperature ranges and thresholds was 
completed, was used for critical habitat maps presented by Dr. Bianucci during the OTN Symposium 
and is currently being prepared for publication. In collaboration with Dr. Thompson the spectral nudging 
technique was implemented and evaluated for our biogeochemical model. The analysis is part of Karl 
Lagman’s Masters thesis and has been submitted for publication. The data-assimilative framework was 
implemented for the biogeochemical model by Dr. Mattern. 

An individual-based model (IBM) was developed by RA Dr. Kyoko Ohashi to simulate migrations of 
American eels in the Gulf of St. Lawrence. The IBM model was based on the Lagrangian approach, 
which tracks the 3D movement of a particle in the water affected by ocean currents and biological 
behaviours such as diel vertical migration and swimming ability. A comparison of IBM model results 
with the tagged data indicates that the physical environment, vertical migration and swimming ability 
affect the movement of the American eel in the Gulf of St. Lawrence. PhD student Jorge Urrego-Blanco 
assessed the performance of three different nesting techniques for exchanging information between 
different subcomponents of a nested-grid modelling system. PhD student Shiliang Shan used a 5-level 
nested-grid modelling system in the study of circulation and hydrodynamic connectivity over the Sable 
Gully, which is one of biologically productive areas on the Scotian Shelf.   

c) Significant	
  deviations	
  

No significant deviations. 
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d) Coordination	
  and	
  integration	
  

The projects co-leads Dr. Sheng and Dr. Fennel are working together closely in all aspects of model 
implementation and validation. For example, all models use the same data sets for atmospheric forcing, 
river inputs and climatologies, and the ROMS MD4 model implemented in Dr. Fennel’s group is using 
larger-scale model outputs produced by MD1 in Dr. Sheng’s group. 

Both, Dr. Sheng and Dr. Fennel, collaborate closely with Dr. Thompson (lead of project I.1.3 
Assimilation Component) and his group and held joint meetings that included the three investigators and 
their HQP. Karl Lagman, MSc student with Dr. Fennel is working closely with Dr. Thompson on the 
implementation of the spectral nudging method for a biological model. Shiliang Shan collaborated with 
Dr. Thompson on a new methodology to examine the impact of environmental preferences on the 
migration of American eel. In addition to these meetings and individual interactions, HQP from this 
project and Dr. Thompson’s project interact frequently on topics ranging from available data sets to 
scripts for model validation. Dr. Sheng and Dr. Fennel are on the supervisory committee of Dr. 
Thompson's PhD student Anna Katavouta. Dr. Fennel and Dr. Thompson are on PhD student Shiliang 
Shan's committee, and Dr. Sheng and Dr. Thompson were on MSc student Karl Lagman's committee. 

Dr. Sheng and Dr. Fennel, also collaborate closely with collaborators from project I.1.1 Advanced 
Observation Component, specifically with Dr. Cullen on the use of glider data in model validation and 
Dr. Hebert and Dr. Greenan in the analysis and interpretation of ADCP observations from the OTN 
moorings on the Halifax Line. In fact, Dr. Sheng and Dr. Hebert are co-supervising MSc student 
Matthieu Dever who is funded through project I.1.1 and Dr. Fennel is a member of his supervisory 
committee. 

e) Scientific	
  and/or	
  engineering	
  significance	
  

Although broadly studied, the mechanisms triggering phytoplankton blooms are still under debate. Dr. 
Bianucci’s work has shown that different competing mechanisms (light-induced growth versus grazing-
mediated losses) are both important in the northwestern North Atlantic and are not mutually exclusive. 
The application of an emulator-based optimization technique for this optimization and the subsequent 
ecological interpretation is novel. 

The compilation of oxygen and temperature ranges and thresholds for our region of interest is unique. 
Previous studies were species specific and up to now, little or no effort had been made to unify and 
synthesize the available information. The review will not only be useful for our future OTN studies, but 
also for the larger scientific community interested in the role of oxygen and temperature on marine 
species of commercial values and species at risk. 

A data-assimilative framework is in place for the assimilation of various types of observations including 
from OTN gliders, moorings and bioprobes into our biogeochemical model. 

Many scientific questions remain unanswered regarding the distributions and migrations of the 
American eel in the northwest Atlantic. The newly developed individual-based model (IBM) is a very 
useful tool to address some of important issues regarding the movements of the American eel in the Gulf 
of St. Lawrence. 

A nested-grid modelling system with two or more subcomponents has increasingly been used to 
simulate marine environmental conditions over coastal and shelf waters. A nesting technique (such as 
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one-way or two-way nesting) is required to exchange information between different subcomponents. 
Our assessment of different nesting techniques is very useful for the ocean modelling community 

Sable Gully is the largest submarine canyon along the shelfbreak off the east coast of North America. It 
provides habitat for a variety of marine life. It was poorly understood how the circulation in the Gully 
affects the high biological productivity of the area. A multi-nested ocean circulation model was applied 
to the Sable Gully to improve our understanding of the three-dimensional circulation and hydrography in 
the area.  

7.	
  Difficulties	
  encountered	
  

	
   No	
  problems	
  occurred	
  during	
  the	
  reporting	
  period	
  	
  

8.	
  Networking	
  and	
  outreach	
  

a) Intra-­‐network	
  collaboration	
  and	
  partner	
  meetings	
  

PIs, collaborators and HQP attended the Annual OTN Meetings in June 2013 in Halifax as well as some 
of the OTN workshops that were held in conjunction. HQP presented their work in form of oral 
presentations and posters. Many opportunities for informal discussions arose. 

PIs regularly met with PIs and HQP of project I.2.4 Grey Seals to discuss use of bioprobe data for 
modeling as well as the transfer of model output to the I.2.4 investigators. Bioprobe graduate student 
Laurie Baker regularly attends Dr. Fennel's lab meetings.  

A close collaboration is ongoing with PIs and HQP on project I.2.2 American Eel. Dr. Julian Dodson, Dr. 
Martin Castonguay and Dr. Mélanie Beguer visited Dalhousie for collaboration in modelling the 
migration of American eels from the St. Lawrence Estuary to the Sargasso Sea. Dr. Beguer is now 
located at Dalhousie. 

b) Interaction/outreach	
  to	
  broader	
  community	
  

Interaction and outreach to the broader community occurred through conference and meeting 
presentations, targeted visits and participation of the PIs in working groups and scientific steering 
committees. 

The conference presentations are listed in detail in sections 9c and 9d. Examples of targeted visits 
include the invited participation of Dr. Fennel and Dr. Mattern in the Marine Biogeochemical Data 
Assimilation Symposium (part of the CSIRO Cutting Edge Science Symposium Series), where both 
delivered oral presentations.  

9.	
  Dissemination	
  of	
  information	
  and	
  results	
  

a) Refereed	
  journal	
  articles	
  (2	
  total)	
  –	
  accepted/published	
  

Shan, S., J. Sheng, B. Greennan, 2013. Physical processes affecting circulation and hydrography in the 
Sable Gully of Nova Scotia, Deep-Sea Research. (in press). 
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Ohashi, K., and J. Sheng, 2013. Influence of St. Lawrence River discharge on the circulation and 
hydrography in Canadian Atlantic waters, Continental Shelf Research, 48, 32-49. 

b) Refereed	
  journal	
  articles	
  (4	
  total)	
  –	
  submitted	
  

Lagman, K., Fennel, K., Thompson, K.R., Bianucci, L., Assessing the utility of frequency dependent 
nudging for bias correction in biogeochemical models, Journal of Geophysical Research-Oceans 
(submitted) 

Bianucci, L., Fennel, K., Mattern, J.P., What drives phytoplankton growth during deep winter mixing? A 
model study for the Northwest Atlantic, Ocean Modelling (submitted) 

Shan, S., J. Sheng, B. Greennan, 2013. Modelling study of three-dimensional circulation and particle 
movement over the Sable Gully of Nova Scotia, Ocean Dynamics. (under review). 

Urrego Blanco, J., and J. Sheng, 2013. Subtidal circulation and variability in the Gulf of St. Lawrence, 
Scotian Shelf and Gulf of Maine using a nested-grid coupled ocean-ice model, Ocean Dynamics. 
(under review). 

c) Conference	
  presentations	
  (2	
  total)	
  –	
  invited	
  

Fennel, K., Invited keynote lecture, Biological modelling in passive-margin shelves, Gordon Research 
Conference on Coastal Ocean Circulation, June 12, 2013, Biddeford, ME, USA 

Fennel, K., Invited keynote lecture, Perspectives on combining observations and biogeochemical models, 
Ocean Optics XXI Conference, October 9, 2012, Glasgow, Scotland 

d) Conference	
  presentations	
  (3	
  total)	
  –	
  contributed	
  

Bianucci, L., Fennel, K., Brennan, C. and H. Blanchard, Oxygen on the Scotian Shelf: dynamics, critical 
habitat, and climate change. OTN Canada Symposium, Halifax, NS, June 3-5, 2013 

Ohashi, K, J. Sheng, Effect of physical environment on American eel movement, OTN Canada 
Symposium, Halifax, NS, June 3-5, 2013  

Sheng, J., and K. Ohashi, Numerical examination of effects of the physical environment on movements 
of American eel in the Gulf of St. Lawrence, 47th Annual CMOS Congress, Saskatoon, Canada, 
May, 2013. 

10.	
  Other	
  contributions	
  and	
  deliverables	
  

c)	
   Invited	
  or	
  contributed	
  presentation/contribution	
  at	
  a	
  workshop	
  

Dr. Fennel and Dr. Mattern were both invited speakers at the Marine Biogeochemical Data Assimilation 
Symposium (part of the CSIRO Cutting Edge Science Symposium Series) in May 28-30, 2013, in 
Hobart, Australia 
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Sheng, J., and J. Urrego-Blanco, Assessment of one-way and two-way nesting techniques in a coupled 
ocean-ice circulatoo model for the eastern Canadian shelf, 5th International Workshop on 
Modeling the Ocean, Bergen, June, 2013. 

Sheng, J., S. Shan, and B. Greenan, Physical processes affecting circulation and hydrography in the 
Sable Gully of Nova Scotia, 5th International Workshop on Modeling the Ocean, Bergen, June, 
2013. 

e)	
   Data	
   reports,	
   technical	
   reports,	
   manuscript	
   reports,	
   advisory	
   documents,	
   briefing	
   notes,	
  
handbook	
  or	
  guide,	
  checklist,	
  barcode,	
  CTD	
  casts,	
  and/or	
  Glider	
  runs,	
  as	
  well	
  as	
  a	
  contribution	
  to	
  
a	
  larger	
  piece	
  of	
  work	
  in	
  any	
  of	
  the	
  former	
  	
  

Fennel, K., Perspectives on combining observations and biogeochemical models, Conference 
proceedings, Ocean Optics XXI Conference, October 9, 2012, Glasgow, Scotland 

h)	
   Books	
  

Book chapter:  
Fennel, K. Other nutrients and dissolved oxygen and climate change, In: Freedman, B. (ed) Global 

Environmental Change, Volume 1 of the Handbook of Global Environmental Pollution, Springer, 
Heidelberg, Germany (in press) 

11.	
  Collaborations	
  with	
  industrial	
  and	
  government	
  partners	
  

a) Partners	
  

We are collaborating closely with our DFO government partners from Bedford Institute of 
Oceanography who are providing us with observations that are crucial for model validation and 
assimilation into our models. More specifically, Dave Hebert has recently provided an extensive, 
quality-controlled data set of CTD measurements. We are also using the Atlantic Zone Monitoring 
Programme’s (AZMP) data extensively. 

We are also working with DFO partner Martin Castonguay on the modelling of eel migrations. Martin 
Castonguay and Julian Dodson are cu-supervising a post-doctoral fellow who is physically located in 
Jinyu Sheng’s lab to foster close collaboration between eel taggers and modellers. 
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Ocean	
  Tracking	
  Network	
  Canada	
   	
   	
   	
   	
   	
   NSERC	
  
Progress	
  Report	
  Year	
  4	
  Review:	
  1	
  October	
  2012	
  –	
  30	
  September	
  2013	
  
	
  

I.	
  Atlantic	
  Arena	
  

1.	
  Project	
  Number:	
  I.1.3	
  

2.	
  Project	
  Title:	
  Data Assimilation	
  

3.	
  Project	
  Leaders:	
  K. Thompson (Dalhousie University)	
  
Collaborators:	
  J. Sheng, K. Fennel, and J. Cullen (Dalhousie University)	
  

4.	
  Public	
  summary	
  of	
  report	
  

In order to better understand how ocean ecosystems work, and how they will respond to climate change, 
OTN is making point measurements of the passage of tagged animals across fixed lines of underwater 
acoustic receivers. To interpret these data they must be related to changes in the physical, biological and 
chemical characteristics of the ocean. A major challenge is the synthesis of the relatively small number 
of available physical, biological and chemical observations into a dynamically consistent, time-varying, 
three-dimensional view of the ocean that can be used to explain, and predict, the movement of tagged 
animals. Coupled physical-biogeochemical models have an important role to play in synthesizing ocean 
observations and visualizing change in the ocean. It is generally recognized that all ocean models have 
errors and if they are to be used to reconstruct past changes or make projections about possible future 
states, they must be blended with observations in order to remain close to reality. The process of 
sequentially blending observations with model states is known as data assimilation. Over the last year 
we have (i) developed more effective ways of assimilating ocean observations of temperature, salinity, 
sea level and currents into an eddy resolving model of the North Atlantic, (ii) developed a novel way of 
downscaling ocean conditions to spatial scales more relevant to marine organisms, (iii) developed and 
evaluated a way of correcting systematic biases in biogeochemical ocean models, and (iv) worked with 
researchers from OTN project 1.2.2 on the environmental factors that control the seasonal migration of 
the American Eel to their spawning grounds in the Sargasso Sea. 

5.	
  Training	
  of	
  Highly	
  Qualified	
  Personnel	
  

a) HQP	
  and	
  level	
  of	
  support	
  
	
  

Name	
   Title	
  
%	
  Time	
  in	
  
project	
  

%	
  Support	
  
from	
  SNG	
   Dates	
  

Anna	
  Katavouta	
   PhD	
   100	
   100	
   1	
  Oct	
  2012	
  –	
  30	
  Sept	
  2013	
  
Thesis	
  topic:	
  Downscaling	
  of	
  Ocean	
  Conditions	
  
Vasily	
  Korabel	
   RA	
   100	
   100	
   1	
  Oct	
  2012	
  –	
  30	
  Sept	
  2013	
  
Research	
  Topic:	
  Ocean Data Assimilation	
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b) Role,	
  activities,	
  and	
  opportunities	
  for	
  training	
  

Although no technical staff are employed directly by this project, we have interacted with technicians 
supported by project I.1.1 (Advanced Observing Component).  

6.	
  Progress	
  towards	
  objectives/milestones	
  

a) Overall	
  objectives	
  

The overall objective of this project is to develop effective and efficient methods for assimilating 
physical, biological and chemical data, collected by fixed and mobile observing platforms, into realistic 
models of the shelf and the open ocean. The time scales of interest are hours to decades, and space 
scales of interest are one to thousands of km. The physical data to be assimilated include remotely 
sensed surface temperature, coastal sea level and measurements of bottom pressure, current, temperature 
and salinity. 

This project has the following deliverables: 

• Development of modular FORTRAN codes for assimilating a wide range of physical, biological 
and chemical data into shelf and deep ocean models; 

• Assessment of the performance of the assimilation schemes; 

• Generation of realistic historical reconstructions (and climatologies) of currents, temperature, 
salinity, nitrate, ammonium, phytoplankton biomass, chlorophyll and oxygen fields from an 
assimilative hindcast from 2002 to date through assimilation of various observations. 

b) Progress	
  

i) Development of a data assimilative model of the Northwest Atlantic and adjacent shelf seas 

Dr. Korabel has continued with the development of a data assimilation scheme for an eddy-permitting 
ocean circulation model of the North Atlantic. The model is based on the NEMO/OPA v8.2 (Mercator, 
France) and the data assimilation scheme is a multivariate ensemble optimal interpolation (EnOI), 
similar to the BODAS scheme developed by the Bureau of Meteorology Research Centre, Australia.  

Several technical improvements have been made to the EnOI scheme. The first major improvement was 
to extend the multivariate model state vector to include the two horizontal velocities, u and v. This 
improvement allows us to update horizontal velocities in addition to other physical variables such as 
temperature, salinity, and sea level. The second major improvement relates to the way surface 
information is projected into the ocean's interior. Several assimilation experiments revealed that 
information from the surface observations is not affecting the model solution below 10-20 meters. The 
comparison of model predictions with Argo profiles showed that vertical correlations of temperature and 
salinity decrease more slowly with depth than the model output correlations. In the ensemble-based data 
assimilation schemes the shape of the model solution is completely determined by the covariance 
structure derived from the ensemble of model states. Hence the ensemble correlations will perform the 
spatial spreading of the information from the surface observations to the model interior. A new method, 
based on ensemble vertical filtering, has been developed to obtain more reasonable vertical correlation 
structures. Data assimilation experiments with a vertically filtered ensemble have indicated significant 
improvements in predictions of the ocean interior when assimilating surface observations. The improved 
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accuracy of the new predictions of the ocean interior has been verified by comparison with independent 
observations that were not assimilated. A manuscript entitled “Ensemble Optimal interpolation scheme 
with improved vertical correlations for assimilation of surface observations” is being finalized for 
submission to the journal Ocean Dynamics. 

In addition to the above improvements of the open ocean, Vasily has also worked on a coastal version of 
the NEMO model that will feed into the downscaling research of graduate student Anna Katavouta (see 
below). Initial configurations of a coastal ocean model using a realistic, high resolution bathymetry with 
a grid spacing of 250 meters, 40 vertical depth levels and tidal forcing have been successfully completed. 

ii) Ocean Downscaling 

The objective of this activity is to improve the prediction of small-scale ocean variability on the Scotian 
Shelf. Downscaling and data assimilation methods are combined and applied in a high resolution 
regional model that represents the Scotian Shelf (spatial resolution of order of some km) in order to 
generate more accurate reconstructions and predictions of the local small-scale variability.  

Anna Katavouta (PhD student) has developed and tested a method for downscaling the ocean conditions 
using an idealized (quasi-geostrophic) model that simulates important features observed in the real 
ocean, like mid ocean jets and associated eddies, and associated low frequency variability. A similar 
method has been used to downscale the atmospheric conditions but this is the first time that it has been 
used in the ocean. The method makes use of the non-linear interaction between the different length-
scales in order to retrieve small-scale variability from the large-scales. 

In addition, a new method that combines downscaling and assimilation of local observations (hybrid 
method) has been developed and tested using the same idealized ocean model. In this method 
observations are assimilated into the model to compensate for uncertainties in the large-scales (used for 
downscaling) and model errors. 

Results from the downscaling and the hybrid method have been summarized in a recently accepted 
paper that discusses (i) how well the small-scale variability can be retrieved from the large-scales, (ii) 
the ocean conditions lead to predictability, and (iii) how the assimilation of limited number of point-
observations can improve significantly the accuracy of the recovered small-scales if the large-scales are 
estimated accurately. 

Currently, Anna is working on applying the downscaling and hybrid methods using a realistic, high 
resolution regional model that includes the Scotian Shelf. Large-scale fields obtained from a coarser 
resolution model will be assimilated into the regional high resolution model (downscaling). Anna has 
became familiar with the model platform that will be used to simulate the Scotian Shelf circulation. She 
has prepared, and run, a coarser resolution model that represents the North Atlantic based on the same 
modelling platform. These coarse resolution model simulated fields were examined to establish if they 
could provide an accurate representation of the large-scale circulation and if they could be used for 
downscaling experiments. Although the resulting fields were reasonable, and the large-scales were 
simulated realistically by the model, some important features were not captured or were misrepresented 
in the model (e.g. Gulf Stream eddies). This was expected in a model with coarse resolution and 
highlights the need for downscaling  

Anna has prepared the configuration for the high resolution model and is ready to perform initial 
simulations. In the following weeks she will conduct several experiments to downscale the large-scales 
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obtained from her North Atlantic coarse resolution model and also from existing North Atlantic or 
global models that have higher resolution and are able to simulate features that are missing from coarser 
resolution models. In addition, she is preparing numerical experiments which will assimilate 
observations gathered from the OTN in the regional high resolution model using the hybrid method. 

A paper on Anna's downscaling research is in press in the journal Ocean Modelling. 

iii) Assimilation of Biogeochemical Data 

One of this project’s milestones is to develop and test ways of assimilating biogeochemical data, 
building on experience gained from assimilation of physical data. The work described below has been 
performed in close collaboration with Professor Katja Fennel (one of the co-leads of project I.1.2) as laid 
out in the original proposal. 

Over the last year we concluded our development of a new way of suppressing the systematic errors that 
are sometimes afflict biogeochemical models of the ocean. Such biases can degrade the quality of ocean 
hindcasts. As part of this initiative, spectral nudging has been adapted for use with biogeochemical 
models. A manuscript has been submitted for publication on the topic. It describes the performance of 
the scheme using (i) a highly-idealized model of predator-prey interaction (a modified Lotka-Volterra 
model) and (ii) a more realistic, vertically resolved model of biogeochemical conditions on the Scotian 
Shelf (including variables such as nitrate, phytoplankton, zooplankton and detritus). The results are 
encouraging in the sense that the bias errors are suppressed for the mean and annual cycle, leading to a 
more realistic reconstruction of the higher frequency variability including the intense, and short lived, 
spring blooms.  

A manuscript has been submitted for publication with (recently graduated MSc student) Karl Lagman as 
lead author. (Keith Thompson sat on Karl’s supervisory committee and was actively involved in the 
research, primarily the development of the bias correction code and the research with the modified 
Lotka-Volterra model.)  

iv) Modeling the movement of the American Eel  

Active collaboration has continued over the last reporting year involving Keith Thompson, PhD student 
Shiliang Shan (Dalhousie University) and researchers from OTN project 1.2.2 who are working on the 
estuarine and oceanic migrations of the juvenile and reproductive stages of the American Eel. The main 
collaborators from project 1.2.2 are Professors Julian Dodson and Martin Castonguay, and Research 
Associate Dr Mélanie Beguer. 

The goal of this collaboration is to better understand how the American Eel migrates from the coast of 
North America to its spawning grounds in the Sargasso Sea. In an initial theoretical study, Shan and 
Thompson have focused on the joint effect of ocean currents and the environmental preferences of 
marine animals (e.g., specific light level, water temperature) on the animals’ overall movement and 
distribution. Animal position is calculated using a particle tracking algorithm that has been modified to 
allow for the environmental preferences (e.g., range of water temperatures, swimming direction). The 
ocean currents and physical environmental conditions experienced by the marine animals have been 
calculated using results from the realistic model of the North Atlantic developed by Dr Vasily Korabel 
(see above).  
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In September 2013 Research Associate Mélanie Beguer moved to Dalhousie University to work more 
effectively with the ocean modellers. One important new development has been the decision to include 
the European Eel in the North Atlantic model, i.e., tracking particles released off Europe in addition to 
releasing patches of virtual eels at various locations off North America. Simulations are currently in 
progress and several interesting results have already emerged. Two manuscripts are currently in progress 
and should be submitted in early 2014.  

c) Significant	
  deviations	
  

The main deviation from the long term research plan is that the Ocean Data Assimilation project 
terminated this year as a result of a 45% cut to the modelling budget of Fennel, Sheng and Thompson. 
This allowed Professors Fennel and Sheng to continue into the second phase with viable research plans 
and resources. Support for graduate student Anna Katavouta will be provided from other sources. 
Collaboration with Professors Dodson and Castonguay, and Research Associate Dr Mélanie Beguer, is 
planned to continue in an unfunded manner. 

d) Coordination	
  and	
  integration	
  

Principal investigator Keith Thompson was in daily contact with Research Associate Vasily Korabel and 
graduate student Anna Katavouta. Regular meetings are also held with Professors Sheng and Fennel 
(project I.1.2). As illustrated above, the collaborations with Professor Katja Fennel took place primarily 
through graduate student Karl Lagman and postdoctoral fellow Paul Mattern.  

Drs. Martin Castonguay, Julian Dodson and Mélanie Beguer visited Kyoko Ohashi, Jinyu Sheng, 
Shiliang Shan and Keith R. Thompson from the Department of Oceanography at Dalhousie University 
(OTN research team of Theme I.1) in early June 2013 to discuss the objectives and some results from 
the coupled biophysical particle-tracking models. Dr Mélanie Béguer visited Dalhousie University again 
in early August to work on the tracking models. She moved permanently to Halifax in early September 
2013 (this was decided at the end of June 2013) in order to facilitate this collaboration as well as the 
field work, which now takes place in Nova Scotia.  

e) Scientific	
  and/or	
  engineering	
  significance	
  

Much of the research carried out in this project is quite technical. It is however necessary in order to 
develop more effective ways of interpreting the relatively small number of observations collected by 
OTN.  

Our particle-tracking models are being used to improve understanding of the migration of eels from both 
sides of the North Atlantic to the Sargasso Sea. The North Atlantic model is based on the ocean 
circulation model NEMO (1/4° resolution) and covers the North Atlantic Ocean. In each model, 
thousands of virtual eels with various vertical and horizontal behaviours are tracked for several months. 
The effectiveness of the simulated behaviours is examined using the probability of arriving at the 
Sargasso Sea within a prescribed timing window obtained from field observations. The model is 
currently being tested and several scenarios have been simulated. Some interesting results have already 
emerged from this work. Coupled biophysical particle-tracking models applied to American Eel are 
quite rare in the literature but they appear to be useful tools as a complementary approach to field 
experiments. They will eventually provide projections of the possible impact of climate change on eel 
migration. 
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7.	
  Difficulties	
  encountered	
  

	
   Other:	
  	
  

As noted in Section 6c above, I will not be continuing in the next phase of OTN and so this is my final 
annual report.  This has required me to develop a plan for future publishing and dissemination of results. 
As detailed above I expect that Vasily Korabel will soon submit one paper on the North Atlantic data 
assimilation work, Anna will submit up to two more papers related to ocean downscaling (in addition to 
the one published in Ocean modelling) before she defends later this summer, and there will be two 
papers resulting from the American Eel work. In all cases I will acknowledge the role of OTN in 
motivating the research and providing financial support and observations (where appropriate).  These 
publications will provide an accurate reflection of the research carried out under OTN and will 
strengthen significantly the present publication record which has suffered from (i) the delayed start (no 
OTN funding for the RA in year 1) and (ii) the technical complexity of the research (it sometimes takes 
longer than expected to get ocean models, and assimilation schemes, to perform well). 

8.	
  Networking	
  and	
  outreach	
  

a) Intra-­‐network	
  collaboration	
  and	
  partner	
  meetings	
  

This project has continued to work closely with researchers from OTN project 1.2.2 via emails, video 
conference (one performed during summer 2013) and face-to-face meetings at Dalhousie University 
(one in June 2013 between all collaborators and one in August 2013 when Dr Béguer-Pon visited the 
team for a week). Dr Béguer-Pon moved in early September 2013 in Halifax for the remaining duration 
of the project. This will strongly facilitate collaboration that will be one of a major focus during for 
project 1.2.2 during OTN phase II.  

9.	
  Dissemination	
  of	
  information	
  and	
  results	
  

a) Refereed	
  journal	
  articles	
  (1	
  total)	
  –	
  accepted/published	
  

 Katavouta, A. and Thompson, K.R., 2013. Downscaling ocean conditions: Experiments with a quasi-
geostrophic model, Ocean modelling, in press, 10.1016/j.ocemod.2013.10.001. 

b) Refereed	
  journal	
  articles	
  (1	
  total)	
  –	
  submitted	
  

 Lagman, K., K. Fennel, K.. Thompson and L. Bianucci, 2013. Assessing the utility of frequency 
dependent nudging for bias correction in biogeochemical models. Ocean Modelling.  

c) Conference	
  presentations	
  (0	
  total)	
  –	
  invited	
  
  

d) Conference	
  presentations	
  (3	
  total)	
  –	
  contributed	
  

Shan S, Thompson K, Sheng J, Béguer-Pon M, Castonguay M and J.J. Dodson. How does the American 
Eel migrate to the Sargasso Sea? Oral communication during the third OTN annual meeting, 
June 2013, Halifax, Nova Scotia, Canada. 
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Béguer-Pon M, Benchetrit J, Castonguay M, Hatin D, Verreault G, Legault M, Dionne M, Dumont P, 
Mailhot Y, Bourque J-F, Ohashi K, Thompson K, Shang S and Dodson JJ, 2012. Multiple 
approaches to elucidate the migration of the American eel (Anguilla rostrata) from the St 
Lawrence River to the Sargasso Sea. Oral communication at the 6th World Fisheries Congress, 
Edinburgh, Scotland, 7-11th May 2012. 

Béguer-Pon M, Benchetrit J, Castonguay M, Hatin D, Verreault G, Legault M, Dionne M, Dumont P, 
Mailhot Y, Bourque J-F, Ohashi K, Thompson K, Shan S and Dodson JJ. 2012. Multiple 
approaches to elucidate the migration of the American eel (Anguilla rostrata) from the St 
Lawrence River to the Sargasso Sea. Oral communication at the Ocean Sciences Meeting 2012, 
20-24 February 2012, Salt Lake City, Utah, USA. 

10.	
  Other	
  contributions	
  and	
  deliverables	
  

d)	
   Invited	
  or	
  contributed	
  presentation/contribution	
  at	
  a	
  seminar	
  series	
  

 Anna Katavouta and Keith Thompson , Downscaling Ocean Conditions: Experiments with a Quasi-
Geostrophic Ocean Model, Dalhousie University Physical Oceanography and Meteorological 
Seminar Series (POMSS), Halifax, May 16th 2013 

11.	
  Collaborations	
  with	
  industrial	
  and	
  government	
  partners	
  

a) 	
  Partners	
  

I have collaborated actively with researchers from Fisheries and Oceans Canada. More specifically I 
have discussed physical oceanographic issues related to the Scotian Shelf circulation and observing 
system with researchers from the Bedford Institute of Oceanography (notably Drs Blair Greenan and 
David Hebert). I have also collaborated strongly with Dr Martin Castonguay (Head of Pelagic science 
section, Institut Maurice-Lamontagne) on the movement of the American Eel. 
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Ocean	
  Tracking	
  Network	
  Canada	
   	
   	
   	
   	
   	
   NSERC	
  
Progress	
  Report	
  Year	
  4	
  Review:	
  1	
  October	
  2012	
  –	
  30	
  September	
  2013	
  
	
  

I.	
  Atlantic	
  Arena	
  

1.	
  Project	
  Number:	
  I.2.1	
  

2.	
  Project	
  Title:	
  Atlantic salmon: migration, distribution, and oceanographic features (Newfoundland 
component)	
  

3.	
  Project	
  Leader:	
  I. Fleming (Memorial)	
  
Collaborators:	
  S. Iverson, G. Crossin, D. Ruzzante, I. Jonsen (Dalhousie), B. Hatcher (Cape Breton), 
M. Robertson, C. Pennel, L. Fudge, J. Gibson (DFO), D. Reddin, P. Downton (DFO retired), M. 
Stokesbury (Acadia), J. Carr (Atlantic Salmon Federation), S. Denny (Eskasoni First Nation, UINR), 
J. Hart (Margaree Salmon Association), S. Porter (CSI), D. Webber (VEMCO), La Have Salmon 
Association, St. Mary’s River Salmon Association, Club Hill Camp, Inc., Nova Scotia Salmon 
Association, Atlantic Salmon Federation, Nova Scotia Salmon Association, Bras d’Or Biosphere 
Reserve Association.	
  

4.	
  Public	
  summary	
  of	
  report	
  

One of the major holes in our understanding of Atlantic salmon is their behaviour at sea and how this 
affects their survival. This 'blackhole' of knowledge has become increasingly worrying as one of the 
major causes of salmon population declines is mortality at sea. To this end, we have been continuing to 
develop miniaturized geolocation archival tags that will allow us to better understand the movements 
and behaviour of salmon at sea, from the initation of their migration as smolts to their return to fresh 
water as adults. This past year we improved the tag attachment methodology and have been successfully 
testing in under tank conditions, with the plan for a second full scale trial in the Spring 2014 or 2015. 
Our work on repeat breeding or kelt Atlantic salmon in Newfoundland is showing that these fish do not 
migrate long distances, but remain in nearshore water within 200-300 km of their natal river. Their 
behaviour at sea is characterized by frequent short duration dives that reach maximum depths of a little 
over 100 m and occur mainly during daylight. There is ongoing research to explore why some kelt 
survive to return and others do not using insight from the expression of various genes. Finally, we  
initiated a pilot study to examine the marine behaviour of co-occuring Atlantic salmon and Arctic charr, 
which is ongoing. 

5.	
  Training	
  of	
  Highly	
  Qualified	
  Personnel	
  

a) HQP	
  and	
  level	
  of	
  support	
  
	
  

Name	
   Title	
  
%	
  Time	
  in	
  
project	
  

%	
  Support	
  
from	
  SNG	
   Dates	
  

Corinne	
  Conway	
   RA	
   40	
   40	
   1	
  Oct	
  2012	
  –	
  30	
  Sep	
  2013	
  
Research	
  Topic:	
  Investigating	
  the	
  marine	
  behavioural	
  ecology	
  of	
  Atlantic	
  salmon	
  
Melissa	
  Evans	
   PDF	
   93	
   93	
   16	
  Apr	
  2012	
  –	
  19	
  Jul	
  2013	
  
Research	
  Topic:	
  Investigating	
  the	
  marine	
  behavioural	
  ecology	
  of	
  Atlantic	
  salmon	
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b) Role,	
  activities,	
  and	
  opportunities	
  for	
  training	
  

A breadth of training continued to be afforded research assistants and technical staff, including Corinne 
Conway of MUN and DFO technical staff (e.g. Curtis Pennel). As much of the fieldwork was completed 
in previous years, there was not as much interaction with technical staff from the local communities 
operating the salmon counting fences at Trepassey, Campbellton and Western Arm Brook, 
Newfoundland. Dr. Melissa Evans, postdoctoral fellow, who headed on to a Research Associate position 
at Oregon State University in July, initiated the research to integrate salmon tagging studies with 
genomic studies to further understand factors that may be shaping behaviour and survival of salmon at 
sea. She was able to complement her expertise in genomics with development of a new skill set in the 
use and analysis of archival tags (data storage tags). Collaborative interactions between university and 
government researchers and technical staff continue provide the cross-fertilization of ideas, techniques 
and knowledge creating a positive training environment within the subcomponent. 

6.	
  Progress	
  towards	
  objectives/milestones	
  

a) Overall	
  objectives	
  

Use of novel technologies to document how Atlantic salmon make use of the oceans: this objective has 
entailed field testing recently developed archival tags, which were deployed on salmon kelt leaving the 
Campbellton River. We aimed to recovered tags from returning adults and compare the data to results 
from previous work with large archival tags to evaluate the reliability of the new tags. A second 
experiment, aimed to develop geolocation archival tags that were suited for deployment on Atlantic 
salmon smolts. These miniaturized tags were then to be fitted on Atlantic salmon smolt and recovered 
data to be used to document the conditions they experience in the ocean, and geolocation data analyzed 
in an attempt to determine if it provides sensible information about the movements of the fish in the 
ocean. We further refined our archival tagging research (2012) on Atlantic salmon kelt to examine 
patterns of return in 3 geographic distant populations in Newfoundland and to attempt to link patterns to 
genomic signatures. 

b) Progress	
  

Following the initial development and testing of different tag shapes, attachment mechanisms and 
tagging methodologies for fitting salmon smolts with miniaturized geolocation archival tags during the 
first period of the study, a full scale field experiment with the new technology was undertaken at the 
Campbellton River. Returns from the full scale release, however, were disappointing and indications 
were that there was an issue associated with corrosion of the tag attachment wire at the point where it 
was imbedded into the tag potting (i.e. mechanical issue associated with tag construction). As a result, 
we have worked this past year towards an improved tethering mechanism, replacing the wire with a 
multifilament line and improved the imbedding technique. Tank tests have been ongoing since March 
2013. These tests have involved both postsmolt Atlantic salmon reared in sea water and adult brown 
trout reared in fresh water. To date, there have been no issues with tether failure and tag retention has 
been good. Simultaneously, there have been technical improvements in archival tag itself in terms of 
data storage capacity and weight. The plan is to move forward with a second full scale release of tagged 
smolts in the Spring 2014 (or 2015) with tags supplied by Lotek.  

In the spring of 2012, we began a new study building on our earlier research about Atlantic salmon kelts 
(repeat breeders) at sea (Reddin et al. 2011 Fisheries Oceanography 20: 174-191), to integrate 
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information on marine migratory behaviour with functional genomics to explore profiles associated with 
successful return and interpopulation differences. To that end, we tagged 81 Atlantic salmon kelts from 
the NE Trepassey (n=13), Campbellton (n=34), and Western Arm Brook (n=34) populations in 
Newfoundland with Lotek 2810 geolocation tags (data storage tags; DSTs). These tags were surgically 
implanted into the abdomens of the kelts. In addition, we also implanted acoustic tags (VR9 or VR13) in 
10 and nine of the kelts from Campbellton and Western Arm Brook, respectively. These acoustic tags 
served to provide detections by which we hoped to ground truth geolocation tag data. Tissue biopsies 
from the lateral muscle were collected for future gene expression work and from the adipose fin for 
future population genetic analysis. In addition to the individuals included in the geolocation study, an 
additional 25 and 18 kelts from the Campbellton and Western Arm Brook populations, respectively, 
were sampled for tissues only. These individuals were marked with Floy tags for future identification. 
Returns of Atlantic salmon kelts on each of the rivers were monitored at counting fences by Fisheries 
and Oceans Canada (DFO) staff beginning in June 2012. However, due to historically low rainfall levels 
this summer, each of the rivers showed low water levels and thus delayed kelt returns. Due to DFO 
budgetary restrictions, the salmon counting fences were removed from each river by Fisheries and 
Oceans in early September. Fences were operated again in Summer/early Fall 2013. In total, eight 
Atlantic salmon kelts bearing geolocation tags had returned to the Campbellton River, all during 2012 (5 
Floy tag only kelt also returned). There were no recoveries of DST tagged fish at either Northeast 
Trepassey or Western Arm Brook. For each of the DST tagged individuals, we successfully retrieved 
geolocation data and habitat use data (temperature, depth) from the tags. Of the kelts sampled for tissues 
and marked only with a Floy-tag, five individuals were recovered at the Campbellton River, all in 2012, 
and one individual (female, 73.6 cm fork length, 4.5 kg) atWestern Arm Brook, with this fish returning 
in July 2013 (an alternate spawner, having skipped a year before returning to spawn).  

 

Figure	
  I.2.1-­‐1:	
  migration	
  patterns.	
  

Migration Patterns 

Triton Array 
(n=1; 5-6 July) 

(n=5; 8-25 June) 

(n=1; 14-16 July) 
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All but two of the fish that were recaptured were female. At the Campbellton River, we were able to 
compare our results from the 2012 release with that of the 2007 release. In 2007, kelts returned to 
freshwater after 56 ± 12 days at sea, save for one kelt who returned following 405 days at sea. In 2012, 
tagged kelt remained at sea for a longer period (69 ± 4 days), which is likely reflective of the low water 
conditions in the river late that summer. Despite the short period at sea, the kelt in both years roughly 
doubled their weight during that time (115% in 2007 and 97% in 2012). The geolocation data indicated 
that the kelt and smolt remained in largely coastal environments. This was confirmed by acoustic tag 
detections, with 5 of the10 acoustically tagged kelt detected at the Twillingate acoustic receiver array (ca. 
50 km N of the Campbellton River mouth) on 8-25 June 2012, one at the Triton array (ca. 70 km WNW) 
on 5-6 July 2012 and one at the Newman Sound array (ca. 250 km ESE) on 14-16 July 2012. The kelts 
experienced a wide temperature range ( ̶ 1.7 to ~ 20°C) and showed diurnal patterns of diving activity, 
with a mean maximum observed diving depth of 114 ± 31 m. Behaviour at sea was characterized by 
frequent, short duration dives. The analysis of the genomic information is ongoing with Dr. Miller's 
laboratory at the Pacific Biological Sation (DFO) and we will be working with Ian Jonsen to see if we 
can garner more from the geolocation information, particularly in relation to tracks of individuals.  

A pilot study was initiated at Parkers Brook, Pistolet Bay, Newfoundland, in 2013 as part of Phase II of 
OTN to examine behaviour at sea of co-existing populations of Arctic charr and Atlantic salmon. In 
collaboration with DFO, we tagged 25 charr and 9 Atlantic salmon between 8-11 July ascending Parkers 
Brook. A receiver was placed in a headwater pond (Western Brook Pond) and downloaded on 19 August. 
Of the 25 charr, 19 charr were detected in the pond, while only 3 of the 9 salmon were detected (one 
caught by angler and the tag returned to DFO). Descent of these fish in Spring 2014 will provide us with 
a better idea of overwinter survival and the feasibility of tagging fish the summer preceding their 
migration to sea as an approach to monitoring at sea behaviour (i.e. as an alternative to tagging during 
descent, which is complicated by ice conditions). 

c) Significant	
  deviations	
  

There were no major deviations to report this year. We continue to work with Lotek to improve the tag 
attachment method for smolts (ongoing tank experiments) and aim to tag and release a new group of 
wild smolts in 2014/15. With the departure of Dr. Melissa Evans, we have begun collaborating with Dr. 
Kristi Miller to complete the genomics aspect to the kelt study. This was a new component of the 
research as of 2012 and did not require new funding. We are also working with Dr. Ian Jonsen on the 
statistical modelling of the geolocation data from returning kelt - the challenge being that the fish 
typically do not migrate long distances.  

d) Coordination	
  and	
  integration	
  

Biological and engineering expertise of Memorial, DFO (NF) and private industry (Lotek Wireless) 
continue to be brought together in the development of miniaturize data storage tags and appropriate 
tagging methodologies. This is done through laboratory experiments at the Ocean Sciences Centre 
examining the effects of tags and tagging methodologies on smolts. There have been joint meetings to 
design, execute and review findings from the experiments. This has recently led to a plan to attempt a 
second joint tagging of smolts for release in Spring 2014 or 2015 and subsequent recovery effort 
between Memorial and DFO.A similar collaborative approach (design, execution and analysis) has been 
used in the release of 81 kelt across three rivers system in Newfoundland during Spring 2012 and we are 
working with Dr. Miller's laboratory at the Pacific Biological Station to examine genomic signatures. 
Close integration of efforts of university and government has continued throughout the research. Finally, 
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there is ongoing integration with Ian Jonsen of the visualization and modelling group to work on the 
interpretation of the geolocation data.  

e) Scientific	
  and/or	
  engineering	
  significance	
  

• Miniaturization of a data storage tag for use in tagging smolts. This, to the best of our knowledge, 
is the first attempt to design a tag and tagging methodology for use of a geo-location data storage 
tag on smolts. The memory capacity and tag size continue to increase and decrease, respectively. 

• Development of an effective tagging methodology. Issues with the mounting of the tag and 
tagging methodology continue to be resolved 

• Development of a tag shape suitable for external attachment to smolts. 

• Field trials indicated that the smolts could handle the tags and that the tagging methodology was 
effective. However, an apparent corrosion (mechanical) issue with the tag attachment mechanism 
likely underlies the absence of tag returns of one-sea-winter salmon. A new trial is planned for 
2014 or 2015.  

• Building on our earlier research about Atlantic salmon kelts (repeat breeders) at sea (Reddin et al. 
2011 Fisheries Oceanography 20: 174-191), we are now investigating genomic signatures that may 
relate to marine migratory behaviour and survival to explore factors underlying successful return 
and interpopulation differences. 

7.	
  Difficulties	
  encountered	
  

	
   No	
  problems	
  occurred	
  during	
  the	
  reporting	
  period	
  	
  

Dr. Evans' move to her new position (a good career step for her) has caused a minor wrinkle (delay), but 
nothing that should not be overcome.  

8.	
  Networking	
  and	
  outreach	
  

a) Intra-­‐network	
  collaboration	
  and	
  partner	
  meetings	
  

The network continues to play a central role in the undertaking of our research, allowing us to tap into 
knowledge from several areas, including animal behaviour and ecology, oceanography (which is critical 
to the analysis of the geolocation data) and engineering (tag development). We have benefitted from our 
discussions with others in the salmon components of the Ocean Tracking Network (both in the East and 
West Coast Arenas) with regards to tagging techniques and experimental design (data collection) as well 
as the integration of genomics. We have also been developing new connections with the visualization 
and modelling group (particularly Ian Jonsen), and with Kristi Miller (member of Phase II West Coast 
group; genomics). 

b) Interaction/outreach	
  to	
  broader	
  community	
  

There continues to be extensive networking among academia (Memorial), government (DFO) and 
industry (Lotek Wireless). This resulted in the development of a first-generation, geolocation data 
storage tag and tagging methodology applicable for large Atlantic salmon smolts. We have also been 
working with the local communities near Campbellton, Western Arm Brook and NE Trepassey Rivers, 
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and more recently Pistolet Bay, with regards to the recovery of tags from the salmon and charr either 
captured at counting fences or during fisheries.  

9.	
  Dissemination	
  of	
  information	
  and	
  results	
  

a) Refereed	
  journal	
  articles	
  (0	
  total)	
  –	
  accepted/published	
  
  

b) Refereed	
  journal	
  articles	
  (0	
  total)	
  –	
  submitted	
  
  
c) Conference	
  presentations	
  (1	
  total)	
  –	
  invited	
  

Fleming, I.A. (Keynote) Ecology and genetics of salmon recovery: what is success? International 
Workshop on Evaluating the Effectiveness of Recovery Programs for Wild Atlantic Salmon. St. 
Andrews, Canada. (18-20 September) 

d) Conference	
  presentations	
  (3	
  total)	
  –	
  contributed	
  

Fleming, I.A., M.L. Evans, C. Conway and M. Robertson. Marine behavioural ecology of Atlantic 
salmon as assessed through data storage tags. 2nd International Conference on Fish Telemetry, 
Grahamstown, South Africa. (July) 

Evans, M.L., I.A. Fleming, C. Conway and M. Robertson. Investigating the marine behavioural ecology 
of Atlantic salmon. Ocean Tracking Network Annual Meeting, Halifax, Canada. (June) 

Evans, M.L., T.S. Hori, M.L. Rise and I.A. Fleming. Transcriptomic signatures of Atlantic salmon 
(Salmo salar) to rearing environment. Canadian Society for Ecology and Evolution Annual 
Meeting, Kelowna, Canada. (May) 

10.	
  Other	
  contributions	
  and	
  deliverables	
  

c)	
   Invited	
  or	
  contributed	
  presentation/contribution	
  at	
  a	
  workshop	
  

Invited presentation - Workshop on potential effects surrounding the importation of European-origin 
Atlantic salmon to the East Coast of Canadian Atlantic salmon populations and habitats. Department of 
Fisheries and Oceans, Ottawa, 26-28 March. (Fleming) 

e)	
   Data	
   reports,	
   technical	
   reports,	
   manuscript	
   reports,	
   advisory	
   documents,	
   briefing	
   notes,	
  
handbook	
  or	
  guide,	
  checklist,	
  barcode,	
  CTD	
  casts,	
  and/or	
  Glider	
  runs,	
  as	
  well	
  as	
  a	
  contribution	
  to	
  
a	
  larger	
  piece	
  of	
  work	
  in	
  any	
  of	
  the	
  former	
  	
  

Cote, D., I.A. Fleming, J.W. Carr and J.H. McCarthy. Ecological impact assessment of the use of 
European origin Atlantic salmon in Newfoundland aquaculture facilities. Can. Sci. Advis. Res. 
Doc., in press. 

DFO. Potential effects surrounding the importation of European-origin cultured Atlantic salmon to 
Atlantic Salmon poulations and habitats in Newfoundland. Can. Sci. Advis. Res. Doc., in press. 
(Fleming) 
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OECD. Consensus document on the biology of Atlantic salmon.OECD Environment, Health and Safety 
Publications, Series on Harmonisation of Regulatory oversight of Biotechnology., in press. 
(Fleming) 

g)	
   	
   Invited	
  or	
  contributed	
  consultation	
  with	
  an	
  agency;	
  public	
  or	
  private	
  

Invited - Organisation for Economic Co-operation and Development (OECD) Environment Directorate, 
Working Group on the Harmonisation of Regulatory Oversight of Biotechnology. (Fleming) 

IUCN Salmonid Specialist Group. (Fleming) 
DFO Science Advisory process with regards to the importation of European-origin cultured Atlantic 
salmon. (Fleming) 

l)	
   Leveraging	
  your	
  research/funds	
  in	
  order	
  to	
  make	
  a	
  new	
  contribution	
  to	
  another	
  initiative	
  

Salmon research undertaken through OTN helped to leverage another research initiative related to 
quantifying the migratory behaviour wild and escaped farm Atlantic cod (acoustic tracking). This 
research was part of MUN MSc student, Emily Zimmermann’s thesis and was published in 2013 (see 
below).The data has become part of the OTN data repository. 

m)	
   A	
  spin-­‐off	
  from	
  the	
  research	
  that	
  provided	
  a	
  new	
  opportunity	
  or	
  new	
  initiative	
  	
  

Collaboration through the Ocean Tracking Network has facilitated research on the escape behaviour of 
farmed Atlantic cod and the following publication: Zimmermann, E.W., Purchase, C.F., Fleming, I.A. 
and Brattey, J. 2013. Dispersal of wild and escapee farmed Atlantic cod (Gadus morhua) in 
Newfoundland. Canadian Journal of Fisheries and Aquatic Sciences 70: 747-755. 
A spin-off opportunity that has arisen is the development of a small scale collaboration among MUN, 
the local DFO office in St. Anthony and the Save Our Char Society of St. Anthony to explore the 
migratory behaviour of a local, threaten char population (one of the southern most anadromous char 
populations in the Northwest Atlantic). 

n)	
   A	
  new	
  technology,	
  method,	
  protocol,	
  measure,	
  analytical	
   technique,	
  algorithm,	
  operational	
  or	
  
numerical	
   model,	
   or	
   predictive	
   tool.	
   Include	
   the	
   validation	
   of	
   any	
   of	
   the	
   former	
   and	
   their	
  
practical	
  application	
  

Continued development and refinement of a miniaturized geolocation archival tag for use with Atlantic 
salmon smolts in collaboration with Lotek. 

o)	
   A	
  proof	
  of	
  concept	
  in	
  relation	
  to	
  any	
  of	
  the	
  above	
  	
  

Development of plans for a second field test of the refined miniaturized geolocation archival tags to be 
conducted in Spring 2014 (or 2015). 

11.	
  Collaborations	
  with	
  industrial	
  and	
  government	
  partners	
  

a) Partners	
  

DFO, Salmonid Section, Newfoundland and Labrador Region – provided tagging expertise for 
deployment of tags on char and salmon at Pistolet Bay, collaborated in project design, execution and 
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analyses, and provided continued field support at the Campellton River, NE Trepassey River and 
Western Arm Brook salmon counting fences. 

Lotek Wireless, St. John’s Office – provided the engineering expertise for tag development and worked 
closely with the researchers on the refinement of tag tethering methodologies.  

b) Contributions	
  
	
  

Name	
  of	
  supporting	
  organization:	
   Year	
  4	
  
Fisheries	
  &	
  Oceans	
  Canada	
   (2013)	
  
Cash	
  contributions	
  to	
  direct	
  costs	
  of	
  research	
   	
  
In-­‐kind	
  contributions	
  to	
  direct	
  costs	
  of	
  research	
   	
  
1) Salaries	
  for	
  scientific	
  and	
  technical	
  staff	
   $8	
  000	
  
2) Donation	
  of	
  equipment,	
  software	
   $2	
  000	
  
3) Donation	
  of	
  material	
   $9	
  500	
  
4) Field	
  work	
  logistics	
   $1	
  000	
  
5) Provision	
  of	
  services	
   	
  
6) Other	
  (specify):	
  	
   	
  
In-­‐kind	
  contributions	
  to	
  indirect	
  costs	
  of	
  research	
   	
  
1) Use	
  of	
  organization’s	
  facilities	
   $4	
  000	
  
2) Salaries	
  of	
  managerial	
  and	
  administrative	
  staff	
   	
  	
  
3) Other	
  (specify):	
  	
   	
  	
  
Total	
  of	
  all	
  in-­‐kind	
  contributions	
   $24	
  500	
  

	
  
Name	
  of	
  supporting	
  organization:	
   Year	
  4	
  
Lotek	
  Wireless	
   (2013)	
  
Cash	
  contributions	
  to	
  direct	
  costs	
  of	
  research	
   	
  
In-­‐kind	
  contributions	
  to	
  direct	
  costs	
  of	
  research	
   	
  
1) Salaries	
  for	
  scientific	
  and	
  technical	
  staff	
   $5	
  000	
  
2) Donation	
  of	
  equipment,	
  software	
   	
  
3) Donation	
  of	
  material	
   $800	
  
4) Field	
  work	
  logistics	
   	
  
5) Provision	
  of	
  services	
   	
  
6) Other	
  (specify):	
  	
   	
  
In-­‐kind	
  contributions	
  to	
  indirect	
  costs	
  of	
  research	
   	
  
1) Use	
  of	
  organization’s	
  facilities	
   	
  
2) Salaries	
  of	
  managerial	
  and	
  administrative	
  staff	
   	
  
3) Other	
  (specify):	
  	
   	
  
Total	
  of	
  all	
  in-­‐kind	
  contributions	
   $5	
  500	
  

12.	
  Expenditures	
  and	
  Support	
  

a) Expenditures	
  

These are provided in a separate Excel form and a brief description is given here. The salary costs 
covered that of postdoctoral fellow Melissa Evans and the part-time involvement of technician Corinne 
Conway. There was no expenditures related equipment or facility this past year. Material & Supply costs 
relate predominately to the costs associated with the genomic analyses to be conducted in Dr. Kristi 
Miller’s laboratory, which I understand are currently being undertaken. Travel costs relate to 
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conferences as detailed below and a trip to Dalhousie to collaborate with Dr. Ian Jonsen on analysis of 
geolocation data from salmon kelt.  

b) Significant	
  deviations	
  

Significant deviations relate to salary, conference and publication costs – all being less than anticipated. 
Postdoctoral fellow, Melissa Evans, departed on 19 July 2014 for a new position and there was 
insufficient time to back fill the postdoctoral position. We, however, plan to continue our investigations 
into the potential for genomic signatures of success vs failure to repeat breed in Atlantic salmon kelt. 
The samples we have managed to collect are unique. Analyses are being undertaken in Dr. Kristi 
Miller’s laboratory, Pacific Biological Station. Among Dr. Evans (who expressed an interest in helping 
to see this study brought to completion), Dr. Miller, Dr. Matt Rise (genomics expert in the Department 
of Ocean Sciences [http://www.mun.ca/osc/mrise/bio.php] with whom I already collaborate) and me, the 
data will be interpreted. I will take the lead on this, as well as the reporting. Dr. Martha Robertson of 
Fisheries & Oceans Canada is also a collaborator on the kelt study.    

c) Remaining	
  projected	
  balance	
  

The remaining projected balance of year 4 will be spent on: (1) material and supply costs associated 
with genomic analyses; and (2) a collaboration meeting with Dr. Ian Jonsen at Dalhousie to work with 
the geolocation data. 

d) Actual	
  expenses	
  for	
  October-­‐December,	
  2012	
  	
  

The actual expenses for October-December in year (2012) were on target with that forecast in last year’s 
report. 

a) Conference	
  travel	
  
 

Conference	
   Location	
   Dates	
   	
  Attendee	
   Cost	
  

Canadian	
  Society	
  of	
  Ecology	
  and	
  
Evolution	
   Kelowna,	
  BC,	
  Canada	
   May	
  

Melissa	
  Evans	
  &	
  Ian	
  
Fleming	
   $0	
  

2nd	
  International	
  Conference	
  on	
  Fish	
  
Telemetry	
   Grahamstown,	
  South	
  Africa	
   July	
   Ian	
  Fleming	
   $4873	
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Ocean	
  Tracking	
  Network	
  Canada	
   	
   	
   	
   	
   	
   NSERC	
  
Progress	
  Report	
  Year	
  4	
  Review:	
  1	
  October	
  2012	
  –	
  30	
  September	
  2013	
  
	
  

I.	
  Atlantic	
  Arena	
  

1.	
  Project	
  Number:	
  I.2.1	
  

2.	
  Project	
   Title:	
  Atlantic salmon: migration, distribution, and oceanographic features (Cape Breton 
component)	
  

3.	
  Project	
  Leaders:	
  B. Hatcher (Cape Breton), G. Crossin (Dalhousie)	
  
Collaborators:	
  S. Iverson1, D. Ruzzante, I. Jonsen (Dalhousie), I. Fleming (Memorial), M. Robertson, 
C. Pennel, L. Fudge, J. Gibson (DFO), D. Reddin, P. Downton (DFO retired), M. Stokesbury 
(Acadia), J. Carr (Atlantic Salmon Federation), S. Denny (Eskasoni First Nation, UINR), J. Hart 
(Margaree Salmon Association), S. Porter (CSI), D. Webber (VEMCO), La Have Salmon 
Assosciation, St. Mary’s River Salmon Association, Club Hill Camp, Inc., Nova Scotia Salmon 
Association, Atlantic Salmon Federation, Nova Scotia Salmon Association, Bras d’Or Biosphere 
Reserve Association.	
  

4.	
  Public	
  summary	
  of	
  report	
  

This was the first full year of operation of the Bras d'Or Acoustic Array in the Bras d'Or Lake UNESCO 
Man and the Biosphere Reserve of central estuary of Cape Breton. (The array was reconfigured in April 
of 2012). Our efforts focused on: quantifying the acoustic fish tag detection efficiency of the ten (10) 
receiver 'gates' throughout the 1,200km2 estuary; analyzing and reporting the results of the 2012 smolt 
tagging experiment; tagging and tracking 50 smolts in the largest river of the estuary; building 
partnerships with local interest groups; training HQP. The key results are that the current configuration 
of the Bras d'Or array yields tag detection efficiencies ranging from 72% to 96% (depending on the gate 
location, tag type and environmental conditions); tag-induced mortality of smolts was reduced from 43% 
in 2012 to 4% in 2013; less than half of the tagged smolts are known to have left the estuary, and the 
majority of those exit through the smaller of the two natural channels to the Atlantic Ocean; partner 
organizations have started using the array to track the movements of other fish species (Striped bass); 
three undergraduate and one research associate received training and experinece in the Bras d'Or 
experiment. 

5.	
  Training	
  of	
  Highly	
  Qualified	
  Personnel	
  

a) HQP	
  and	
  level	
  of	
  support	
  
	
  

Name	
   Title	
   %	
  Time	
  in	
  
project	
  

%	
  Support	
  
from	
  SNG	
  

Dates	
  

Edmund	
  Halfyard	
   PhD	
   100	
   100	
   1	
  Oct	
  2012	
  –	
  31	
  Dec	
  2012	
  

                                            
1  Note: Iverson participates in this project through co-supervision of PhD student Edmund Halfyard and 

managing his graduate program and research at Dalhousie.	
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Name	
   Title	
   %	
  Time	
  in	
  
project	
  

%	
  Support	
  
from	
  SNG	
   Dates	
  

Thesis	
  topic:	
  The	
  Marine	
  Survival	
  of	
  Atlantic	
  Salmon:	
  Timing,	
  Location,	
  Causes	
  and	
  Potential	
  Mitigative	
  Strategies	
  
Martin	
  Lequizamon	
   RA	
   10	
   10	
   1	
  Oct	
  2012	
  –	
  30	
  Sep	
  2013	
  
Research	
  Topic:	
  Efficiency	
  of	
  acoustic	
  receiver	
  gates	
  in	
  high-­‐flow	
  estuary	
  channels	
  
Daniel	
  Oldford	
   BSc	
   50	
   50	
   1	
  May	
  2013	
  –	
  15	
  Aug	
  2013	
  
Project	
  Topic:	
  Determination of tag-induced mortality of Atlantic salmon smolts.	
  
Natalie	
  Fagan	
   BSc	
   25	
   25	
   15	
  May	
  2013	
  –	
  30	
  Aug	
  2013	
  
Project	
  Topic:	
  Public	
  perceptions	
  of	
  scientific	
  research	
  in	
  the	
  Bras	
  d'Or	
  Lake	
  Biosphere	
  Reserve	
  
Alicia	
  Penney	
   BSc	
   25	
   25	
   	
  
David	
  Woodland	
   BSc	
   10	
   10	
   	
  
	
  
b) Role,	
  activities,	
  and	
  opportunities	
  for	
  training	
  

Martin Leguizamon is an acoustic oceanographer on secondement from the Colombian Navy. His role is 
to optimize the effectiveness of the Bras d'Or receiver array in the challenging environment of the 
estuary. Through this project, he took the opportunity to enter a graduate degree program at Dalhousie 
University. During his period of study in the summer of 2013, he was replaced in the project by 
Assistant Professor Michael Orr of the Biology Department, CBU.  

Daniel Oldford is a fourth year undergraduate student in Biology at Cape Breton University. His role is 
to track tagged smolts immediately after release using the VEMCO VR-100 receiver, and determine 
rates of tag-induced mortality. 

Natalie Fagan is a fourth year undergraduate student in Biology at Cape Breton University. Her role is to 
participate in all aspects of the OTN research in the Bras d'Or Lake Biosphere reserve, and portray that 
knowledge and understanding to various communities of interest in the watershed.  

Alicia Penney is a third year undergraduate student in Biology at Cape Breton University. Her role is to 
analyses the smolt tag detection data from the VR-2W receivers and plot the movement of Atlantic 
Salmon smolt through the Bras d'Or estuary. 

David Woodland is a fourth year undergraduate student in Biology at Cape Breton University. His role 
is to capture and select smolts for tagging, and track tagged smolts immediately after release using the 
VEMCO VR-100 receiver. 

6.	
  Progress	
  towards	
  objectives/milestones	
  

a) Overall	
  objectives	
  

The objective of the Bras d'Or sub-Project of the OTN (Atlantic Arena) is to test the hypothesis that 
Atlantic salmon can successfully complete their life cycle within the Bras d'Or ecosystem. Secondary 
objectives are to test hypotheses about trade-offs between various life histrory strategies and migration 
ambits within and beyond the Bras d'Or estuary in terms of suvival, risks of predation, nutritional 
sufficiency and reproductive success. A third objective is to develop techniques that improve the tag 
detection efficiency of receiver arrays in complex estuarine circulations, and a fourth objective is to 
provide an effective acoustic array to other researchers for tracking the flux of aquatic animals between 
estuarine and marine environments.  
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b) Progress	
  

After three years, we finally have an acoustic array that performs as well as similar arrays in the OTN 
Atlantic Arena (i.e. >80% probability of tag detection). Unfortunately, the key hypothesis for the Bras 
d'Or salmon project is highly sussceptible to Type-II statistical error, so the demands for tag detection 
efficiencies are higher than most acoustic arrays. We are more interested in the fish that do not leave the 
estuary than in those that do.  

A total of 68 salmon smolts have been successfully tagged and released in one river (the largest) of 
theBras d'Or watershed. This work has been done in partnership with First Nations researchers, under 
extreme scrutiny by Mi'kmaq Elders who are concerned about the status of salmon populations in the 
Bras d'Or, and are opposed in principle to the capture of organisms for reasons other than human 
consumption. After some learning experiences during the first year of tagging, tag-induced mortality 
rates are at a level that is aceptable to our partners. 

To date, a total of 36 of these fish (53%) have been detected at one of more of the receiver gates in the 
Bras d'Or estuary, and 19 (28%) of them have been detected at the ourtermost gates near the exits of the 
estuary. A total of 8 (12%) smolts have subsequently been detected at other receiver lines and by 
autonomous Underwater Vehicles in the OTN's Atlantic Arena. While there are more results for the 
2013 tagging campaign to be obtained when all of the receivers in the Bras d'Or array and beyond have 
been downloaded, it appears from the results to date that less than half of the Atlantic salmon entering 
the Bras d'Or estuary from the Middle River make it to the Atlantic Ocean.  
 The tagging of adult Atlantic salmon, including grilse, multi-year returns and kelts, has always been an 
objective of the research essential to the various hypotheses, but little progress has been made on this 
front. Good relations with the local angling organizations have been established, and should the 
resources and permissions required for the tagging of adults eventuate, we are in a position to respond. 
The OTN research in the Bras d'Or has provided opportunity of 6 of our B.Sc. Biology students to learn 
about the geospatial ecology of fish, estuarine oceanography, and techniques of fish tagging and tracking. 
The experience has also exposed them to Big Science. To date, no student has chosen to make the 
research a focus of their B.Sc. Honours thesis research. Cape Breton University is an undergraduate 
institution, so there have been no graduate students involved in the prohject to date. 

The Bras d'Or Sub-Project has contributed significantly to capacity building at C.B.U., and in the local 
communities of interest. This includes the Unama'ki Institute of Natural Resources (UINR, a First 
Nations' institution), and the Collaborative Salmon Initiative (CSI, a component of the Collaborative 
Environmental Planning Initiative that brings together all interest groups). Training in the tagging of 
salmonids and the aging of fish has been provided by OTN researchers and staff, seminars and at sea 
training activities have been provided to many local people. The project is featured in an edutainment 
video targeting young people of the Bras d'Or. Perhaps the most substantial outcome of these efforts is 
that a local fisheries management authority (the Eskasoni Fisheries & Wildlife Commission, EFWC), 
has demonstrated their competence and faith in the Bras d'Or Array by undertaking to acousitc tag and 
release Striped bass in the array (7 fish to date, as large as 1.6kg body mass).  

c) Significant	
  deviations	
  

The main deviations from the original objectives are delays in smolt tagging (approx. 1 year), and 
relatively small numbers of fish tagged; the failure to tag any adult fish to date. These are primarily 
time-table slippages resulting from several factors (see section 7. below), that result in revisions to the 
timeing of deliverables.  
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Another significant deviation is the lack of advancement of the existing and intended hydrodynamic and 
hydrologic models of the Bras d'Or estuary. The result is that putative causal explanations of fish 
movement patterns observed from the tracking work can not be postulated or tested using synoptic 
predictions of the dynamics of the estuarine environment of the Bras d'Or escosystem. 

d) Coordination	
  and	
  integration	
  

Coordination and integration of the project’s co-investigators and collaborators was led by the Principle 
Investigator at the site of the research (BGH), via e-mail, telephone, publications, face-to-face meetings 
and participation in symposia and shared field work. Of these, the latter method proved to be the best for 
developing genuine and substantive collaboration. Effective guidance and assistance in these endeavours 
was provided by the OTN staff in Halifax.  

e) Scientific	
  and/or	
  engineering	
  significance	
  

The hypothesis that Atlantic Salmon can successfully complete their life cycle without leaving the Bras 
d'Or estuary can not be rejected based on the observations of tagged smolt movements. Indeed, support 
for the hypothsis is provided by the fact that only about a quarter of tagged fish released in good 
condition were observed to leave the estuary. The result is made questionable by the variable efficiency 
of the array in detecting outgoing fish, and the causes of this variability has been demonstrated to be a 
function of the geographic, hydrologic, hydrodynamic and hydroacoutic properties of the Bras d'Or 
estuary and its channels. Refining the questions and engineering challenges surrounding these two 
aspects of the research is the significant potential, especially in the cases of species of concern 
(including Atlantic cod, American eel, Atlantic sturgeon, Stripoed bass, American lobster, Grey seal, 
etc.) that frequent the Bras d'Or Biosphere Reserve.  

7.	
  Difficulties	
  encountered	
  

	
   Scientific	
  problems/difficulties	
  
	
   Equipment	
  and	
  technology	
  issues	
  (e.g.	
  delivery	
  and	
  malfunctioning	
  of	
  equipment)	
  
	
   Personnel	
  problems	
  
	
   Involvement	
  of	
  partners	
  	
  
	
   Other	
  (specify):	
  inter-instituional funding arrangements 	
  

The main scientific problems are that the key hypothesis can only be rejected if it can be proven that 
tagged Atlantic salmon do not leave the Bras d'Or estuary, and that the causes of poor tag detection 
efficiency are not well understood. Derivation of less significant but more easily rejected hypothesis 
regarding various parts of the life cycle will allow demonstrable scientific advancement (e.g. peer-
reviewed publications) with the resources available and limitations present. Continuous testing, 
calibration and adjustment of the receiver array will be used to incrementally improve detection 
efficiency. Ancillary, external funding and in kind contributions are being sought to increase the density 
of receivers and develop better physical and biological models of environmental dynamics.  

Besides the limitations of receiver efficiency mentioned above, the geographical extent and distribution 
of the receiver array poses logistic challenges to regular and consistent interrogation of the array. 
Borrowing of staff from other institutions has been used to compensate for the local limitations of 
suitably qualified staff. 
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The dearth of researchers in the project with substantive prior experience of salmon tagging research has 
demanded a steep learning curve for the on site PI. Members of the OTN staff have been generous in 
providing assistance, and the addition of a co-PI with extensive experience in the field during the next 
stage of the project will go a long way to addressing this difficulty.  

Involvement of local partners has not posed a particular difficulty so far, but the particular orientation of 
First Nations partners, and their relationships with other stakeholders in Bras d'Or salmon outcomes, 
means that a great deal of time and patience must be invested if collaboration is to occur effectively. 
These arrangements can not be rushed, and unilateral decisions about research strategy and 
implementation are impossible in the context of the Bras d'Or Biosphere Reserve.  
Perhaps the single biggest problem in conducting the research has been the difficulty in obtaining access 
to the funds allocated for this project. Misundertanding of the nature of the research by naïve 
administrators meant that the research had to be funded from the on site PI's other resources for almost 
two years, and resulted in the loss of access to virtually the entirety of the 2013 funding allocation. 
Despite numerous exchanges, the problem of inter-institutional transfers has still not been resolved. 

8.	
  Networking	
  and	
  outreach	
  

a) Intra-­‐network	
  collaboration	
  and	
  partner	
  meetings	
  

During 2013 the on-site PI facilitated collaboration via e-mail, telephone, publications, face-to-face 
meetings and participation in symposia and shared field work. Key elements are participation via 
presentations, posters and discussions at the CSI and OTN meetings, and the two week smolt tagging 
campaign in the Middle River with the UINR collaborators. 

b) Interaction/outreach	
  to	
  broader	
  community	
  

The CSI meetings include mainly members from outside the OTN, and so serve to build awareness and 
foster collaboration in the broader community. The on site PI updates members of the ACAP (Atlantic 
Coastal Action Program), BLBRA (Bras d'Or Lake Biosphere Reserve Association), CEPI, ORB 
(Organizations Responsible for the Bras d'Or) at least once a year on the progress with the OTN sub-
project. Local media outlets are used to describe the research, and a student video about the Bras d'Or 
Biosphere Reserve highlights the OTN research project.  

9.	
  Dissemination	
  of	
  information	
  and	
  results	
  

List refereed journal articles (accepted/published, submitted) and conference presentations (invited, 
contributed) that resulted from your OTN work. All publications listed should clearly state the NSERC 
Network Grant in the acknowledgements. All other dissemination is included in section #10 (Other 
contributions and deliverables). 

There is no length limit on this section, but only articles and presentations that were the direct result of 
OTN Canada funding are permitted. 

a) Refereed	
  journal	
  articles	
  (0	
  total)	
  –	
  accepted/published	
  
  
b) Refereed	
  journal	
  articles	
  (0	
  total)	
  –	
  submitted	
  
  
c) Conference	
  presentations	
  (0	
  total)	
  –	
  invited	
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d) Conference	
  presentations	
  (1	
  total)	
  –	
  contributed	
  

Penney A, Orr M, Crossin G, Leguizamon M, Hatcher B. 2013. Tracking tagged salmon smolt in the 
Bras d'Or Biosphere Reserve. 2013 OTN Atlantic Science Meeting, Dalhousie University, June, 
2013 (poster). 

10.	
  Other	
  contributions	
  and	
  deliverables	
  

a)	
   Radio	
  or	
  television	
  interview	
  or	
  contribution	
  to	
  a	
  programme/documentary,	
  etc.	
  

CBC Information Morning interview, Thursday, 29th November, 2013 

c)	
   Invited	
  or	
  contributed	
  presentation/contribution	
  at	
  a	
  workshop	
  

Hatcher BG. Update on the salmon tracking project. Cape Breton Salmon Initiative (CSI) Meeting, 6 
February, 2013. 

Hatcher BG. Update on the salmon tracking project. Cape Breton Salmon Initiavie (CSI) Meeting, 26 
September, 2013. 

f)	
   Data	
  deposition	
  to	
  an	
  agency/database	
  (e.g.,	
  MEDS,	
  GenBank,	
  OBIS)	
  

Periodic (monthly) contributions of CTD, Optical, CDOM, Nutrient, Chlorophyll, Bacteria and 
Zooplankton data from sites in the Bras d'Or estuary to the Atlantic Zonal Monitoring Program (AZMP)  

k)	
   Anything	
  else	
  that	
  isn't	
  a	
  primary	
  publication	
  that	
  has	
  you	
  communicating	
  with	
  others	
  

Hatcher BG. 2013. Discovering Secrets of Salmon Swimming Within the Bras D’Or Ecosystem. The 
Blue Heron, Jan. 2013. Bras d’Or Stewardship Society, Baddeck, Nova Scotia. 3pp. 

Fagan N. 2013. Biosphere 101: Starring the Bras d'Or Lake. 19min Video. 
http://videos.sorensonmedia.com/Cape+Breton+University/PART+2+Consolidated+Mixdown/ceb
559e2a26a1p4cb6Nb271261265429905c 

l)	
   Leveraging	
  your	
  research/funds	
  in	
  order	
  to	
  make	
  a	
  new	
  contribution	
  to	
  another	
  initiative	
  

The establishment and operation of the Bras d'Or OTN Array played a role in the selection of the Bras 
d'Or Insitute as a member of the Advisory Board of the Offshore Energy & Environment Research 
Association (OERA)  

m)	
   A	
  spin-­‐off	
  from	
  the	
  research	
  that	
  provided	
  a	
  new	
  opportunity	
  or	
  new	
  initiative	
  	
  

The presence of an operational acoustic array encouraged the Eskasoni Fish and Wildlife Commission 
(EFWC) to start a new tagging program for Striped bass in the Bras d'Or Lake. 

11.	
  Collaborations	
  with	
  industrial	
  and	
  government	
  partners	
  

a) Partners	
  

All currently active partners are Non-Governmnetal.  
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b) Contributions	
  
 
Name	
  of	
  supporting	
  organization:	
   Year	
  4	
  
Unama’ki	
  Institute	
  of	
  Natural	
  Resources	
  (UINR)	
   (2013)	
  
Cash	
  contributions	
  to	
  direct	
  costs	
  of	
  research	
   	
  
In-­‐kind	
  contributions	
  to	
  direct	
  costs	
  of	
  research	
   	
  
1) Salaries	
  for	
  scientific	
  and	
  technical	
  staff	
   $3	
  000	
  
2) Donation	
  of	
  equipment,	
  software	
   	
  
3) Donation	
  of	
  material	
   	
  
4) Field	
  work	
  logistics	
   $600	
  
5) Provision	
  of	
  services	
   	
  
6) Other	
  (specify):	
  	
   	
  
In-­‐kind	
  contributions	
  to	
  indirect	
  costs	
  of	
  research	
   	
  
1) Use	
  of	
  organization’s	
  facilities	
   $800	
  
2) Salaries	
  of	
  managerial	
  and	
  administrative	
  staff	
   	
  
3) Other	
  (specify):	
  	
   	
  
Total	
  of	
  all	
  in-­‐kind	
  contributions	
   $4	
  400	
  

 
Name	
  of	
  supporting	
  organization:	
   Year	
  4	
  
Bras	
  d'Or	
  Institute,	
  Cape	
  Breton	
  University	
   (2013)	
  
Cash	
  contributions	
  to	
  direct	
  costs	
  of	
  research	
   	
  
In-­‐kind	
  contributions	
  to	
  direct	
  costs	
  of	
  research	
   	
  
1) Salaries	
  for	
  scientific	
  and	
  technical	
  staff	
   $12	
  500	
  
2) Donation	
  of	
  equipment,	
  software	
   $3	
  200	
  
3) Donation	
  of	
  material	
   $800	
  
4) Field	
  work	
  logistics	
   $6	
  400	
  
5) Provision	
  of	
  services	
   $260	
  
6) Other	
  (specify):	
  	
   	
  	
  
In-­‐kind	
  contributions	
  to	
  indirect	
  costs	
  of	
  research	
   	
  
1) Use	
  of	
  organization’s	
  facilities	
   $3	
  750	
  
2) Salaries	
  of	
  managerial	
  and	
  administrative	
  staff	
   $1	
  200	
  
3) Other	
  (specify):	
  	
   	
  	
  
Total	
  of	
  all	
  in-­‐kind	
  contributions	
   $28	
  110	
  

12.	
  Expenditures	
  and	
  Support	
  

a) Expenditures	
  

See attached budget sheets for year 4 (2013). 

b) Significant	
  deviations	
  

Deviations of > 20% include: 

1. Salaries and Benefits  

a. As it was not possible to secure one student able to work the full period, the work was shared amongst 
4 students, hired at standard hourly employment rates. 
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b. None of the students were certified for diving, and the designated technician was on compassionate 
leave, so M.Orr was hired as a technician for thediving and tracking work.  

2. Equipment or Facility 

a. Exposure suits - the requirement to interrogate the array during early spring and late fall meant that 
two dry suits had to be purchased to allow cold water diving. 

4. Travel 

b. Travel to Halifax for Hatcher to meet with Crossin, DFO colleagues and participate in OTN meetings 
3 times per year. Consultations with local institutions & communities around the Bras d’Or periodically 
during the project. 

5. Dissemination costs 

a) Graphics preparations for meetings & workshops did not include page charges for publications. 

c) Remaining	
  projected	
  balance	
  

The remaining funds for 2013 will be spent completing the second interogation of the entire Bras d'Or 
receiver array, which will capture all of the remaining the 2013 smolt tag detections.  

d) Actual	
  expenses	
  for	
  October-­‐December,	
  2012	
  	
  

Expenditures for October - December 2012 were oin target for all categories except operational 
expences. There were significantly higher because damage to the field laptop computer used to 
interrogate the 27 receivers in the Bras d'Or array malfunctioned and had to be replaced. Without this 
computer, it is not possible to collect data from the receivers in situ. 

e) Conference	
  travel	
  
 

Conference	
   Location	
   Dates	
   	
  Attendee	
   Cost	
  

OTN-­‐ASM	
   Halifax	
   3-­‐5June	
  '13	
   B	
  Hatcher	
   	
  	
  
OTN-­‐ASM	
   Halifax	
   3-­‐5June'13	
   M	
  Orr	
   	
  	
  
OTN-­‐ASM	
   Halifax	
   3-­‐5June'13	
   A	
  Penney	
   	
  	
  

The two researchers (BH & MO) and one student (AP) available to participate attended the OTN 
Atlantic Science Meeting to learn what others in the network were doing, and to receive critique and 
advice on the work they had done. This benefitted the OTN to the extent that the interaction enhanced 
the quality of research being undertaken individually and collectively within the Network.  
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Ocean	
  Tracking	
  Network	
  Canada	
   	
   	
   	
   	
   	
   NSERC	
  
Progress	
  Report	
  Year	
  4	
  Review:	
  1	
  October	
  2012	
  –	
  30	
  September	
  2013	
  
	
  

I.	
  Atlantic	
  Arena	
  

1.	
  Project	
  Number:	
  I.2.2	
  

2.	
  Project	
   Title:	
   Estuarine and Oceanic migration of the juvenile and reproductive stages of the 
American eel (Anguilla rostrata)	
  

3.	
  Project	
  Leaders:	
  J. Dodson (Laval), M. Castonguay (DFO)	
  
Collaborators:	
  D. Hatin, M. Legault, G. Verreault, Y. Mailhot, J. Dussureault (Ministry of Natural 
Resources and Wildlife–MNRF); V. Tremblay (AECOM); K.R. Thompson, J. Sheng, S. Shan, K. 
Ohashi, R. Apostle, D. Vanderzwaag (Dalhousie); D. Cairns; P. Sirois (University of Quebec at 
Chicoutimi)	
  

4.	
  Public	
  summary	
  of	
  report	
  

Our efforts to track large silver eels during their spawning migration at sea were continued in fall 2012 
and in fall 2013. Contrary to the first year of experiment (fall 2011) which provided unexpected but 
interesting results (high predation rate by porbeagle sharks, diel vertical migration), the experiment 
conducted in fall 2012 with eels released outside the Gulf of St. Lawrence was disappointing since most 
tags (8) never transmitted to satellite. Five tags successfully transmitted their data but did not reveal any 
significant and useful information. During fall 2013, 12 eels were fitted with a new kind of pop-up 
satellite archival tags and were released outside the Gulf; the tags are supposed to transmit their data in 
early 2014. Our partners from the Quebéc Ministry of Natural Resources acoustically tagged 175 silver 
eels in 2012 that were detected in 2012/2013 by acoustic receivers deployed in the St. Lawrence River 
and Estuary as well as at Cabot Strait. This represents to us additional information about eel movement 
that remains to be analysed when available. 

Two coupled biophysical particle-tracking models were developed in collaboration with the physical 
oceanographers from OTN theme Theme I.1 in order to clarify some aspects of the spawning migration 
of silver eels from brackish waters to the Sargasso Sea. The first one involves the migration from the 
brackish estuary to the exit of the Gulf of St. Lawrence, while the second model involves also the 
European eel and the marine migration to the spawning grounds. Simulations of various behaviours 
(vertical and horizontal) are currently under progress but very interesting results have already emerged 
such as the necessary use of selective tidal-stream transport to escape from the estuary.  

The multi-elemental analysis of otoliths of 110 yellow eels was completed in early 2013 and revealed 
extensive movements (on the order of at least 200 km) between fresh and brackish waters but also 
within freshwater habitats (probably the main-stem of the St. Lawrence and its tributaries). Our seasonal 
acoustic tracking conducted during the previous years of the project also revealed extensive movements 
of yellow eels; these results have thus important implications for the management and conservation of 
this species. 
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5.	
  Training	
  of	
  Highly	
  Qualified	
  Personnel	
  

a) HQP	
  and	
  level	
  of	
  support	
  
	
  

Name	
   Title	
  
%	
  Time	
  in	
  
project	
  

%	
  Support	
  
from	
  SNG	
   Dates	
  

Mélanie	
  Béguer-­‐Pon	
   RA	
   100	
   100	
   1	
  Oct	
  2012	
  –	
  30	
  Sep	
  2013*	
  
Research	
  Topic:	
  Migratory behaviour of yellow-stage and silver-stage eels	
  
José	
  Benchetrit	
   MSc	
   100	
   100	
   1	
  Oct	
  2012	
  –	
  30	
  Apr	
  2013	
  
Thesis	
   topic:	
   Chronologies	
   of	
   yellow	
   eel	
   in-­‐river	
   migrations	
   using	
   acoustic	
   telemetry	
   and	
   multi-­‐elemental	
   analysis	
   of	
  
otoliths	
  

*Mélanie Béguer-Pon was on maternity leave from 1st October 2012 to 1st February 2013 
 

b) Role,	
  activities,	
  and	
  opportunities	
  for	
  training	
  
 
During this third year of the project, the role of Mélanie Béguer (RA) was to lead in the data analysis as 
well as in publication writing. She was also involved in the field work by organising and participating in 
eel tagging. She also collaborated with colleagues from physical oceanography (research OTN team of 
Theme I.1) in the development of two coupled biophysical particle-tracking models that aim at 
clarifying the migratory behaviour of eels from the estuary to their spawning grounds in the open ocean. 
After 3 years at Laval University, Mélanie moved in September 2013 in Halifax in order to facilitate this 
collaboration (located at Dalhousie University) and thus the learning of this new skill. 
 
José Benchetrit completed his Master degree at Laval University in March 2013. He was trained to use 
techniques involved in the analysis of trace element contrations in otoliths using Laser Ablation 
Inductively-Coupled Plasma Mass Spectrometry under the supervision of Prof. P. Sirois, at University of 
Quebec at Chicoutimi. José was also involved in eel tagging during summer and fall 2010, 2011 and 
2012. 

6.	
  Progress	
  towards	
  objectives/milestones	
  

a) Overall	
  objectives	
  

The American eel, Anguilla rostrata, is a facultative catadromous species inhabiting the continental 
waters of North and Central America and undertaking one of the most amazing long-distance migrations 
of all fish. Despite its status of threatened species in Canada, many parts of its life cycle remain largely 
unknown. This project aims at documenting the large-scale habitat use and movements of yellow eels 
(juvenile growth phase stage) in the St. Lawrence River and Estuary and determining the migratory 
pattern of silver eels (maturing adults) from the freshwaters to the spawning grounds in the Sargasso 
Sea. We hypothesized that yellow eels exhibit periodic migrations to feed in the estuary. To verify this 
hypothesis, a large-scale fixed acoustic tracking is conducted along the St. Lawrence River and Estuary. 
To complement these telemetry efforts, environmental history and potential alternative patterns of 
habitat-use of yellow eels are studied through the analysis of otoliths microchemistry. The migratory 
behaviour of silver eels from the freshwater to the exit of the Gulf of St. Lawrence is also determined 
using acoustic telemetry but also completed by satellite-tracking inside and outside the Gulf. As nothing 
is known of the oceanic migration of silver eels and real tracking of eels in this area remains a challenge, 
another complementary approach to unravel this persistent mystery is developed: two bio-physical 



Ocean Tracking Network Canada Annual Reports Year 4 (2013)	
   Iverson et al. 158749 
 

	
  
Project I.2.2: Estuarine and Oceanic migration of the American eel Page 72  Page 72	
  

particle-tracking models. These models will allow testing the effect of the flow field on eel migration as 
well as testing various horizontal and vertical behaviours, and in the future they will provide projections 
of the possible impact of climate change on eel migration. 

b) Progress	
  

The effort in acoustic tracking was accomplished in 2010 and 2011 and provided very interesting and 
significant results regarding the behaviour of both silver and yellow-stage eels from the river to the exit 
of the Gulf. Two respective papers reporting these results were submitted in spring and early summer 
2013 and are currently under modifications. Both papers received very good comments and minor 
revisions only are required. The approach involving the otolith analysis to determine the habitat used by 
the eel during its continental growth phase provided good results too and was completed in March 2013 
(J. Benchetrit’s Master thesis). No acoustic tracking was performed in 2012 but our partners from the 
Québec Ministry of Natural Resources did tag 88 silver eels in the upstream section of the St. Lawrence 
and 87 silver eels in the maritime estuary. Some of these eels were detected by acoustic receivers 
deployed along the St. Lawrence in 2012 and some at the exit of the Gulf too (in 2012 and 2013). Thus, 
these data will provide additional information on silver eel movements that remain to be analysed. Data 
from Cabot Strait (exit of the Gulf) were recently downloaded (end of summer 2013) and thus are not 
yet analysed. 

Our first field effort with the satellite tracking conducted in fall 2011 lead to a paper that was published 
in PlosOne in 2012 and showed that porbeagle shark may be responsible for a high level of natural 
mortality of outmigrating eels. Field efforts were pursued in fall 2012 with most of the eels released 
outside the Gulf to avoid predation in this area and thus follow the migration as far as possible in the 
ocean. Unfortunately we never heard back from most of the tags (8/13). We assumed that the tags were 
stuck on the bottom or washed ashore preventing them from transmitting their data to satellites. The 5 
tags that successfully transmitted were tags that popped-up very prematurely and did not provide 
significant information regarding the eel’s oceanic migration. This was disappointing compared to the 
results obtained the previous year. Eels may have burrowed in the substrate since they were released in 
shallower waters than previously, and they also were smaller than eels caught in the St. Lawrence River 
(finding large eels in Nova Scotia remains a real challenge). It was decided to conduct a second trial this 
year (2013) with a new kind of pop-up archival satellite tags (SeaTags GEO from Desert Star company) 
which are smaller in diameter and lighter and record the geomagnetic field values on top of light data in 
order to estimate geographical positions. In September and October 2013, 12 eels equipped with these 
tags were released off Glace Bay and are currently in marine waters (hopefully en route to the spawning 
grounds!).Depending on the success of this experiment and the development of smaller pop-up satellite 
archival tags, more eels will be equipped with this kind of technology and released during fall next year.  

The collaboration with the physical oceanographers from OTN team of Theme I.1(Kyoko Ohashi, Jinyu 
Sheng, Shiliang Shan and Keith R. Thompson from the Department of Oceanography) at Dalhousie 
University) initiated during the second year of the project was continued. Two coupled biophysical 
particle-tracking models (one focusing on the Gulf of St. Lawrence and one focusing on the North 
Atlantic Ocean) were developed during 2013 and scenarios to be tested were discussed again in June 
2013. Dr Mélanie Béguer visited the team in August 2013 in order to be able to run by herself the 
program developed by Shiliang Shen (model #2) before he leaves for Europe for 4 months of training. 
Dr Mélanie Béguer moved definitively to Halifax in September 2013 in order to facilitate this 
collaboration that will be one of the two main focuses during OTN phase II. The objectives of the two 
models were discussed and revised several times and the scenarios to be tested were simplified. It was 
decided to include the European eel in the second model, i.e. releasing a patch of particles off Europe 
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instead of releasing several patches of American eel at various locations off North America. Simulations 
are currently in progress and several interesting results have already emerged from them. Two 
manuscripts are currently in progress and should be submitted in early 2014.  

c) Significant	
  deviations	
  

There was no significant deviation from the objectives described previous year. All aspects of the 
project were a bit delayed due to the maternity leave of Dr Mélanie Béguer from 1st October 2012 to 1st 
February 2013. 

d) Coordination	
  and	
  integration	
  

Dr Mélanie Béguer is in charge of maintaining the communication with our partners from the Québec 
Ministry of Natural Resources as well as those from AECOM (a private consulting company) in order to 
retrieve the data and metadata from the acoustic lines deployed along the St. Lawrence and transmit 
them to OTN database managers. 

Drs. Martin Castonguay, Julian Dodson and Mélanie Beguer visited Kyoko Ohashi, Jinyu Sheng, 
Shiliang Shan and Keith R. Thompson from the Department of Oceanography at Dalhousie University 
(OTN research team of Theme I.1) in early June 2013 to discuss the objectives and some results from 
the coupled biophysical particle-tracking models. Dr Mélanie Béguer visited them again during one 
week in early August to work on the models. She moved permanently to Halifax in early September 
2013 (this was decided at the end of June 2013) in order to facilitate this collaboration as well as the 
field work, which now takes place in Nova Scotia. 

e) Scientific	
  and/or	
  engineering	
  significance	
  

Silver eels. The acoustic tracking conducted from the upper St. Lawrence to the exit of the Gulf was a 
success since very significant and novel results have emerged from it. Individual movement patterns of 
111 silvers eels within the St. Lawrence system are documented in our study and the first description of 
their escapement from the system is provided. We reported that all migrating eels exhibited 
unidirectional and downstream movements but the migration was not completed in one continuous 
direct movement, eels taking pauses at various locations. High individual variability in migratory 
profiles is documented as well as in individual speed with no apparent relation to river discharge or 
morphological traits. Migration speed was demonstrated to decrease over the season. We demonstrated 
that silver eels use nocturnal ebb-tide transport to leave the estuary. A low detection rate was revealed at 
Cabot Strait line (4.0 %) and several hypotheses for such result were discussed (high natural mortality, 
low detection efficiency, two-step migration). Results regarding the behaviour of the silver eels 
migrating from fresh to marine waters were reported in a publication submitted in April 20133 to the 
Canadian Journal of Fisheries and Aquatic Sciences. The work was well received, requiring only minor 
modifications. This paper is currently under final approval by reviewers and the editor. 

Furthermore, detections of eels tagged by our partners from the Québec Ministry of Natural Resources at 
river and estuarine arrays as well as at the exit of the Gulf (Cabot Strait line) in 2012/2013 will bring 
additional data that will be analysed and compared when available. The receivers of the Cabot Strait 
acoustic line will be downloaded during summer 2014. Data about eels that were tagged in 2013 by 
QMNRF and that crossed the Cabot Strait in late 2013/early 2014 will thus not be available before next 
summer. Dr. Mélanie Béguer-Pon will be involved in the analysis of these new data, probably during 
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fall/winter 2014, and will be associated to a publication (and oral presentations) that will compare the 
migratory behaviour of transported and stocked eels. 

So far, our attempts to track American eels during their oceanic migration to the Sargasso Sea have not 
been successful. The first trials conducted in October 2011 with 8 eels equipped with pop-up satellite 
tags (X-tags from Microwave Company) and released in the Gulf of St. Lawrence have led to 
unexpected results since most eels were eaten by homeothermic fish while in the Gulf, most likely 
porbeagle sharks. These results were published in 2012 in PlosOne journal and suggest that predation of 
silver-stage American eels by porbeagle sharks may represent a significant source of mortality inside the 
Gulf of St. Lawrence and raises the possibility that eels may represent a reliable, predictable food 
resource for porbeagle sharks. Despite these predation events, the first significant pieces of information 
about eels’ behaviour while migrating in the Gulf were reported (two eels tracked for 21 and 52 days 
before predation): eels undertake diel vertical migrations and follow the main deep channel to leave the 
system. Diel vertical migrations appear to be a common behaviour among Anguillid species; for 
American eel it was demonstrated for the first time during this project. The following year, in October 
2012, 13 eels were equipped with the same tags but 10 were caught and released outside the Gulf to try 
to avoid the predation. Unfortunately we never heard back from 8 of the tags and the 5 other tags 
popped-up very prematurely (after 15-27 days) and transmitted between 8 and 100% of the data. One eel 
was eaten by a homeothermic fish; it was an eel released inside the Gulf therefore reinforcing our 
suspicion of a high predation rate in this area. The 4 remaining tags were stuck on the bottom during 
several days before reaching the surface. We thus suspect that the lost tagged eels took refuge in bottom 
substrate and either died there or scraped off the tags that remained stuck on the bottom. Among the tags 
that transmitted their data, one eel exhibited diel vertical migration for 2 days and went deeper and 
deeper (-160 m) suggesting the eel moved away from the coast very quickly. The other tags that 
transmitted data did not provide useful data: one eel stayed at the surface for 12 days suggesting it died 
quickly after release, one eel exhibited irregular dives between 0 and 30 m for 7 days before the tag get 
stuck on the bottom and subsequently floated to the surface and the last tag transmitted too few data (8%) 
to assess any behaviour.  

Results from previous field tracking (satellite and acoustic, vertical behaviour and timing of migration) 
are currently used to parameterise two biophysical particle-tracking models developed to improve our 
understanding of the spawning migration of eels from the estuary to the spawning grounds in the 
Sargasso Sea. The first model is based on the 3-D physical model DalCoast (1/16° resolution) which 
covers the Gulf of St. Lawrence from Québec to the continental shelf off Cabot Strait and takes into 
account the freshwater input from rivers, tide and atmospheric forcing. The second model is based on 
the ocean circulation model NEMO (1/4° resolution) which covers the North Atlantic Ocean. In each 
model, thousands of virtual eels with various vertical and horizontal behaviours are tracked for several 
months. The effectiveness of the simulated behaviours is examined using the probability of arriving at 
either the exit of the Gulf (model #1) or the Sargasso Sea (model #2) within prescribed timing windows 
obtained from field observations. Both models are currently being tested and several scenarios have 
been simulated. It remains a bit premature to discuss the results from this part of the project in this 
current report since all simulations were not completed yet but very interesting results have already 
emerged from this work, such as the necessary use of Selective Tidal-Stream Transport to escape from 
the estuary (model #1). Such coupled biophysical particle-tracking models are very rare in the literature 
but they appear to be very useful tools as a complementary approach to field experiments. They will also 
provide projections of the possible impact of climate change on eel migration. 
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Yellow eels. Two complementary approaches to study the movements and habitat use of juvenile growth-
stage eels (yellow eels) in the St. Lawrence River were conducted in this project: a large-scale fixed 
acoustic survey made up of several acoustic arrays (i.e. seasonal survey) and multi-elemental analysis of 
otoliths (i.e entire fish life). Both approaches led to substantial findings that are reported in two 
publications (one submitted in July 2013 that was accepted mid-January 2014 in Ecology of Freshwater 
Fish journal and actually under minor revision and one that will be submitted within the next few 
weeks). The acoustic survey conducted in 2010 and 2011 suggested a high proportion of freshwater 
residency in the upstream part of the St. Lawrence River during the ice-free season. Downstream 
movements toward the brackish estuary were demonstrated for 16.4 % of the eels, particularly for those 
caught at the closest site to the brackish estuary. Multi-elemental analysis of otoliths of 110 eels sampled 
at various locations throughout the St. Lawrence system revealed that four elements (strontium, barium, 
manganese and magnesium) enabled us to distinguish three chemical signatures that might represent 
distinct habitats within the St. Lawrence that were experienced during the life of sampled eels. While 
looking at the profile of strontium became a common approach to track movements of diadromous 
fishes across habitats that differ coarsely in their salinities, it is the first time that other elements’profiles 
are used to try to discriminate within-freshwaters habitats use of eels. Approximately 10% of eels were 
observed to make use of the estuarine habitat (that is distinguished by strontium calcium ratio) for few 
or several years after recruiting to the system as elvers. These individuals were sampled at the three most 
downstream sites suggesting that individuals recruiting to the upper reaches of the system tend to remain 
in fresh water. Both approaches then support the trend of a positive relationship between the percentage 
of freshwater-resident American eels and the distance of sampling site upstream from the river mouth in 
Canada, as proposed by Jessop et al (2008). The other two freshwater habitats revealed by otolith 
analysis likely represent the main-stem of the St. Lawrence and its tributaries. Most of the habitat 
switches occurred within the first 4 years after recruiting as elvers suggesting an increasing likelihood 
for eels to settle in one habitat as they grow older. In the acoustic survey, movements in the vicinity of 
arrays were documented and smaller-scale movements within Lac St. Louis were demonstrated, 
highlighting a yellow-eel home range far more extensive than previously reported in smaller systems. 
Thus, movements on the order at least 200 km at two temporal scales were revealed by both approaches 
(seasonal and at the scale of several years) and this has important implications for the management and 
conservation of this species. The acoustic survey also strongly suggested a lower activity of freshwater 
resident eels during summer, a behaviour that may be related to day length which defines time available 
for their nocturnal foraging. The use of the complementary trace element method reinforces conclusions 
of the telemetry study on the plastic migratory behaviour of eels during the juvenile stage. 

7.	
  Difficulties	
  encountered	
  

	
   Equipment	
  and	
  technology	
  issues	
  (e.g.	
  delivery	
  and	
  malfunctioning	
  of	
  equipment)	
  

The GEO Seatags from Desert Star were 40% longer than the specifications provided by the company. 
Smaller tags (from any company) that are not yet available are really needed to increase our chance of 
success in following migrating eels as far as possible. Depending on the availability of pop-up satellite 
archival tags fitted to eels this year, our objectives for next years will be revisited with, for instance, a 
greater focus on the escapement rate at Cabot Strait. 
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8.	
  Networking	
  and	
  outreach	
  

a) Intra-­‐network	
  collaboration	
  and	
  partner	
  meetings	
  

Our collaboration with the physical oceanographers from OTN team of Theme I.1 (Kyoko Ohashi, Jinyu 
Sheng, Shiliang Shan and Keith R. Thompson from the Department of Oceanography) initiated in 
previous years has continued this year via emails, video conference (one performed during summer 2013) 
and actual meetings at Dalhousie University (one in June 2013 between all collaborators and one in 
August 2013 when Dr Béguer-Pon visited the team for a week). This collaboration aims at developing 
two biophysical particle-tracking models to clarify the spawning migration of eels from the estuary to 
the spawning grounds in the Sargasso Sea. Dr Béguer-Pon moved in early September 2013 in Halifax 
for the remaining duration of the project. This strongly facilitates this collaboration that will be one of 
the main focuses during OTN phase II. As biologists, our main role in this collaboration is to propose 
realistic behavioural scenarios and parameters to be implemented in the models. The physical 
oceanographers work on the flow field models and develop the particle-tracking. Dr Béguer-Pon is 
currently learning how to run these model simulations but will also learn how to implement such models. 

b) Interaction/outreach	
  to	
  broader	
  community	
  

David Cairns, from DFO, helped us in finding large silver eels from Nova Scotia for pop-up satellite 
tagging deployment conducted in October 2012 in Nova Scotia. He provided us many contacts and 
helped us with the logistics.  
The Quebec Ministry of Natural Resources (Guy Verreault and Daniel Hatin) is currently working on 
the acoustic tracking of various fish species such as the striped bass, the yellow walleye and the Lake 
sturgeon. In 2012 they deployed acoustic receivers at various locations of the St. Lawrence River and 
estuary. They also tagged many silver eels that were released in the upper St. Lawrence or in the 
maritime estuary. There goals regarding the eels are more for management purpose (passage though 
turbines, comparison between stocked and natural eels) but their data represents to us additional 
information about eel movement that remain to be analysed (migration from the upper St. Lawrence to 
the Cabot Strait line, escapement rate).  

We participated in the working group on eel biology (CESWoG) that was held in November 2012 at 
Ottawa, allowing us to contribute to the development of a national plan for eel management. The 
purpose of these meetings is to share information on the American Eel relevant to new and emerging 
issues in eel science. 

9.	
  Dissemination	
  of	
  information	
  and	
  results	
  

a) Refereed	
  journal	
  articles	
  (3	
  total)	
  –	
  accepted/published	
  

Beguer-Pon, M., Benchetrit, J., Castonguay, M., Aarestrup, K., Campana, S.E., Stokesbury, M.J.W., and 
Dodson, J.J. 2012. Shark predation on migrating adult American eels (Anguilla rostrata) in the 
Gulf of St. Lawrence. PloS One 7(10): e46830. 

Engler-Palma, C., VanderZwaag, D.L., Apostle, R., Castonguay, M., Dodson, J.J., Feltes, E. , Norchi, C., 
and White, R. 2013. Sustaining American eels: A slippery species for science and governance. J. 
Int. Wildl. Law Policy, in press. 
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Mélanie Béguer-Pon, Martin Castonguay, José Benchetrit, Daniel Hatin, Michel Legault, Guy Verreault, 
Yves Mailhot, Valérie Tremblay and Julian J. Dodson. Large-scale, seasonal habitat use and 
movements of yellow American eels in the St. Lawrence River revealed by acoustic telemetry. 
Ecology of Freshwater Fish, in press. 

b) Refereed	
  journal	
  articles	
  (2	
  total)	
  –	
  submitted	
  

Mélanie Béguer-Pon, Martin Castonguay, José Benchetrit, Daniel Hatin, Guy Verreault, Yves Mailhot, 
Valérie Tremblay, Denis Lefaivre, Michel Legault, David Stanley and Julian J. Dodson. Large 
scale migration patterns of silver American eels (Anguilla rostrata) from the St. Lawrence 
River to the Gulf using acoustic telemetry. Canadian Journal of Fisheries and Aquatic Sciences. 
Submitted in April 2013, resubmitted in July and October 2013. 

Mélanie Béguer-Pon, Martin Castonguay, José Benchetrit, Daniel Hatin, Michel Legault, Guy Verreault, 
Yves Mailhot, Valérie Tremblay and Julian J. Dodson. Large-scale, seasonal habitat use and 
movements of yellow American eels in the St. Lawrence River revealed by acoustic telemetry. 
Ecology of Freshwater Fish, submitted on 31 July 2013, minor revisions asked on 19th October 
2013. 

c) Conference	
  presentations	
  (0	
  total)	
  –	
  invited	
  
	
  
d) Conference	
  presentations	
  (9	
  total)	
  –	
  contributed	
  

Ohashi K, Sheng J, Béguer-Pon M, Castonguay M and J.J. Dodson. Numerical examination of the effect 
of the physical environment on the movement of the American Eel in the Gulf of St. Lawrence. 
Oral communication during the third OTN annual meeting, June 2013, Halifax, Nova Scotia, 
Canada. 

Shan S, Thomson K, Sheng J, Béguer-Pon M, Castonguay M and J.J. Dodson. How does the American 
Eel migrate to the Sargasso Sea? Oral communication during the third OTN annual meeting, 
June 2013, Halifax, Nova Scotia, Canada. 

Béguer-Pon M, Benchetrit J, Castonguay M, and J.J. Dodson. Tracking the American eel in the St. 
Lawrence system: summary of 3 years of field surveys (2010-2012). Poster presented during 
the third OTN annual meeting, June 2013, Halifax, Nova Scotia, Canada. 

Benchetrit J, Béguer-Pon M, Sirois P, Castonguay M, and J.J. Dodson. Reconstructuring the 
environmental histories of American eels in the Saint Lawrence River using multi�element 
profiles of otoliths. Oral communication at the 2012 ICES Annual Science Conference that was 
held in Bergen, Norway, 17-21 September 2012. 

Béguer-Pon M, Benchetrit J, Castonguay M, Hatin D, Verreault G, Legault M, Dionne M, Dumont P, 
Mailhot Y, Bourque J-F, Tremblay V and J.J. Dodson. Migration Patterns of the American Eel 
from the Saint Lawrence River to the Atlantic Ocean Using Acoustic and Satellite Technology. 
Oral communication during the second OTN annual meeting, June 2011, Halifax, Nova Scotia, 
Canada. 
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Benchetrit J, Béguer-Pon M, Sirois P, Castonguay M, and J.J. Dodson. Combining Acoustic Telemetry 
and Otolith Microchemistry to Understand Movement Patterns of American Eels in the Saint 
Lawrence River. Poster presented at the second OTN annual meeting, June 2011, Halifax, Nova 
Scotia, Canada. 

Béguer-Pon M, Benchetrit J, Castonguay M, Hatin D, Verreault G, Legault M, Dionne M, Dumont P, 
Mailhot Y, Bourque J-F, Ohashi K, Thompson K, Shang S and Dodson JJ, 2012. Multiple 
approaches to elucidate the migration of the American eel (Anguilla rostrata) from the St 
Lawrence River to the Sargasso Sea. Oral communication at the 6th World Fisheries Congress, 
Edinburgh, Scotland, 7-11th May 2012. 

Béguer-Pon M, Benchetrit J, Castonguay M, Hatin D, Verreault G, Legault M, Dionne M, Dumont P, 
Mailhot Y, Bourque J-F, Ohashi K, Thompson K, Shan S and Dodson JJ. 2012. Multiple 
approaches to elucidate the migration of the American eel (Anguilla rostrata) from the St 
Lawrence River to the Sargasso Sea. Oral communication at the Ocean Sciences Meeting 2012, 
20-24 February 2012, Salt Lake City, Utah, USA. 

Béguer-Pon M, Benchetrit J, Castonguay M and Dodson JJ. 2011. Suivi des mouvements de l’anguille 
d’Amérique dans le St-Laurent: description du projet et premiers résultats. Oral communication 
at the 10th Annual General meeting of Québec Ocean, Manoir du Lac Delage, November17th-
18th 2011. 

10.	
  Other	
  contributions	
  and	
  deliverables	
  

c)	
   Invited	
  or	
  contributed	
  presentation/contribution	
  at	
  a	
  workshop	
  

Castonguay, M., Béguer, M., Benchetrit, J., Dodson, J.J., Hatin, D., Verreault, G., Legault, M., Dionne, 
M., Dumont, P., Mailhot, Y., and Tremblay, V. 2012. Tracking the migration of the American 
eel in the St. Lawrence River. Oral presentation at the annual Canadian eel science working 
group (CesWog) meeting, November 2012, Manotick, Ontario, Canada. 

Dodson, J.J., Béguer, M., Benchetrit, J., Castonguay, M., Aarestrup, K., Campana, S.E., and Stokesbury, 
M.J.W. 2012. Shark predation on migrating American eels in the Gulf of St. Lawrence. In Oral 
presentation at Canadian eel science working group (CesWog) meeting, November 2012, 
Manotick, Ontario, Canada. 

Béguer-Pon M, Benchetrit J, Castonguay M, Aarestrup K and Dodson JJ. 2012. Using X-tags to unravel 
the American eel’s mysterious migration from the St-Lawrence estuary to the Sargasso Sea. 
Oral communication at the 2012 MTI (Microwave Telemetry) Avian and Marine Tracking 
Conference, March 27-30, 2012, Columbia, MD, USA. 

Béguer-Pon M, Benchetrit J, Castonguay M, Hatin D, Verreault G, Legault M, Dionne M, Dumont P, 
Mailhot Y, Bourque J-F, Tremblay V and Dodson JJ. 2011. Tracking the movements of the 
American eel in the St-Lawrence River: Project overview and first results. Oral communication 
at the 9th annual meeting of the Canadian eel science working group (CesWog), Montréal, 
Québec, Canada. 
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j)	
   Internet	
  publishing,	
  portal,	
  blog,	
  electronic	
  publications	
  	
  

A post entitled “Migrating eels often make meals” was published in Nature News Blog website on 23rd 
February 2012: http://blogs.nature.com/news/2012/02/migrating-eels-often-make-meals.html.  
After the publication of our paper in PloSone, many blogs published a post on this subject, for instance: 

http://www.sharknewz.com/porbeagle-eat-eels-in-research-project/ 
http://esciencenews.com/sources/science.daily/2013/03/12/eel.migration.study.reveals.porbeagle.shark.p
redation.gulf.st.lawrence 
http://sciencenewsnews.com/eel-migration-study-reveals-porbeagle-shark-predation-in-the-gulf-of-st-
lawrence/ 
http://blogs.plos.org/everyone/2013/03/15/how-eels-navigate-to-the-sargasso-sea/ 

http://www.livescience.com/27880-eel-study-surprise-
sharks.html?utm_source=dlvr.it&utm_medium=twitter 

http://www.ouramazingplanet.com/4238-eel-study-surprise-sharks.html?cmpid=514647 
http://science.nbcnews.com/_news/2013/03/14/17313968-eel-mystery-deepens-as-sharks-chow-
down?utm_medium=referral&utm_source=t.co 
http://trap.it/#!traps/id/cc6e88a7-bd17-4e5c-8241-9a76aba6e680/jump/6F5dWIkck002q6RDia1P 

http://fishbio.com/fisheries-news/fisheries-research-news/eel-migration-study-reveals-porbeagle-shark-
predation 

http://news.yahoo.com/eel-mystery-deepens-shark-chow-down-160610427.html 

11.	
  Collaborations	
  with	
  industrial	
  and	
  government	
  partners	
  

a) Partners	
  

David Cairns, from DFO, helped us in finding large silver eels from Nova Scotia for pop-up satellite 
archival tagging deployment conducted in October 2012 in Nova Scotia. He provided us many contacts 
and helped us with the logistics. The Quebec Ministry of Natural Resources is currently working on the 
acoustic tracking of various fish species such as the striped bass, the yellow walleye and the Lake 
sturgeon. In 2012 they deployed acoustic receivers at various locations of the St. Lawrence River and 
estuary. In collaboration with OPG – Ontario Power Generation- they also tagged many silver eels that 
were released either in the upper St. Lawrence or in the maritime estuary. They are interested in 
assessing the mortality in the turbines of major dams located upstream of Lac St. Pierre and also in the 
comparison of escapement rate and behaviour of stocked and natural silver eels. Their data represents to 
us additional information about eel movement that remain to be analysed (migration from the upper St. 
Lawrence to the Cabot Strait line, escapement rate). They provided us the tagging metadata that we 
transmitted to OTN data managers. Their data will provide us further information on the escapement of 
eels from the Gulf of St. Lawrence 
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b) Contributions	
  
 

Name	
  of	
  supporting	
  organization:	
   Year	
  4	
  
MRNF	
  	
   (2013)	
  
Cash	
  contributions	
  to	
  direct	
  costs	
  of	
  research	
   	
  	
  	
  	
  	
  	
  
In-­‐kind	
  contributions	
  to	
  direct	
  costs	
  of	
  research	
   	
  
1) Salaries	
  for	
  scientific	
  and	
  technical	
  staff	
   $20	
  000	
  
2) Donation	
  of	
  equipment,	
  software	
   	
  	
  	
  	
  	
  	
  
3) Donation	
  of	
  material	
   	
  	
  	
  	
  	
  	
  
4) Field	
  work	
  logistics	
   $2	
  500	
  
5) Provision	
  of	
  services	
   	
  	
  	
  	
  	
  	
  
6) Other	
  (specify):	
  	
  	
  	
  	
  	
  	
   	
  	
  	
  	
  	
  	
  
In-­‐kind	
  contributions	
  to	
  indirect	
  costs	
  of	
  research	
   	
  
1) Use	
  of	
  organization’s	
  facilities	
   	
  	
  	
  	
  	
  	
  
2) Salaries	
  of	
  managerial	
  and	
  administrative	
  staff	
   	
  	
  	
  	
  	
  	
  
3) Other	
  (specify):	
  	
  	
  	
  	
  	
  	
   	
  	
  	
  	
  	
  	
  
Total	
  of	
  all	
  in-­‐kind	
  contributions	
   $22	
  500	
  

 
Name	
  of	
  supporting	
  organization:	
   Year	
  4	
  
POC	
  (DFO)	
   (2013)	
  
Cash	
  contributions	
  to	
  direct	
  costs	
  of	
  research	
   	
  	
  	
  	
  	
  	
  
In-­‐kind	
  contributions	
  to	
  direct	
  costs	
  of	
  research	
   	
  
1) Salaries	
  for	
  scientific	
  and	
  technical	
  staff	
   $27	
  000	
  
2) Donation	
  of	
  equipment,	
  software	
   	
  	
  	
  	
  	
  	
  
3) Donation	
  of	
  material	
   	
  	
  	
  	
  	
  	
  
4) Field	
  work	
  logistics	
   	
  	
  	
  	
  	
  	
  
5) Provision	
  of	
  services	
   	
  	
  	
  	
  	
  	
  
6) Other	
  (specify):	
  attending	
  to	
  OTN	
  meeting	
   $2	
  000	
  
In-­‐kind	
  contributions	
  to	
  indirect	
  costs	
  of	
  research	
   	
  
1) Use	
  of	
  organization’s	
  facilities	
   	
  	
  	
  	
  	
  	
  
2) Salaries	
  of	
  managerial	
  and	
  administrative	
  staff	
   	
  	
  	
  	
  	
  	
  
3) Other	
  (specify):	
  	
  	
  	
  	
  	
  	
   	
  
Total	
  of	
  all	
  in-­‐kind	
  contributions	
   $29	
  000	
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Ocean	
  Tracking	
  Network	
  Canada	
   	
   	
   	
   	
   	
   NSERC	
  
Progress	
  Report	
  Year	
  4	
  Review:	
  1	
  October	
  2012	
  –	
  30	
  September	
  2013	
  
	
  

I.	
  Atlantic	
  Arena	
  

1.	
  Project	
  Number:	
  I.2.3	
  

2.	
  Project	
  Title:	
  Atlantic sturgeon on the east coast of Canada: migratory behaviour and origin, and 
the potential for tidal power impacts	
  

3.	
  Project	
  Leaders:	
  M. Stokesbury (Acadia), M. Litvak (Mount Allison), M. Dadswell (Acadia)	
  
Collaborators:	
  P. Smith, R. Bradford, J. Gibson (BIO DFO), J. Sheng, C. Taggart (Dalhousie), R. 
Karsten (Acadia), A. Redden (ACER, Acadia), D. Fox (U Delaware), S. Laporte (NOAA, NMFS), I. 
Wirgin (NYU, NY), T. King (USGS), M. Fast (UPEI Veterinary Collage), S. Cooke (Carleton U)	
  

4.	
  Public	
  summary	
  of	
  report	
  

We are tagging Atlantic sturgeon from the stock present in the Saint John River, New Brunswick and 
from the mixed stock aggregation that migrates every summer through Minas Basin, Nova Scotia, with 
acoustic coded-pingers, conventional tags (Floy), Passive Integrative Transponders, and Pop-up Satellite 
Archival Tags. For the summer feeding aggregation of Atlantic sturgeon in the Minas Basin we have 
determined their main prey species and quantified feeding, searching and directed migration behaviour. 
We have determined survival, post catch and release, by otter trawl and this information is now being 
used in an ongoing fashion to inform management organizations as they determine regulations for 
endangered species legislation. Also, to guide engineering and mitigate possible negative impacts of 
turbine operation on species of concern, we are describing sturgeon spatial and temporal behaviour 
including depth preferences in the Minas Passage, and area targeted for in-stream tidal power turbine 
deployment. We have determined that Atlantic sturgeon move pelagically through Minas Passage and 
may be vulnerable to in-stream tidal power turbines. Duration of stay, location, and potential spawning 
areas confirmed by larval capture have been determined in the Saint John River. We also identified a 
potential over-winter area in the Bay of Fundy. Ongoing objectives include answering fundamental 
questions such as: Do Atlantic sturgeon show fidelity to certain spawning grounds? What is the timing 
of their spawning migrations, and are there sex differences associated with spawning migrations? What 
is the population structure and origin(s) of the Atlantic sturgeon that migrate through the Minas Basin 
and the Saint John River system on a seasonal basis? What areas in the Saint John River, the Bay of 
Fundy and the inshore coastal shelf water constitute critical habitat for Atlantic sturgeon populations of 
Canadian and USA origins? The answers to these questions are crucial to developing a better 
understanding of the ecology of this species which will lead to their protection and management.  
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5.	
  Training	
  of	
  Highly	
  Qualified	
  Personnel	
  

a) HQP	
  and	
  level	
  of	
  support	
  
	
  

Name	
   Title	
  
%	
  Time	
  in	
  
project	
  

%	
  Support	
  
from	
  SNG	
   Dates	
  

Montana	
  McLean	
   MSc	
   100	
   100	
   1	
  Oct	
  2012	
  –	
  01	
  Sep	
  2013	
  
Thesis	
   topic:	
   Quantifying	
  Movement	
   Patterns	
   and	
   feeding	
   behaviour	
   of	
   Atlantic	
   sturgeon	
   (Acipenser	
   oxyrinchus)	
   in	
   the	
  
Minas	
  Basin,	
  Bay	
  of	
  Fundy,	
  Canada	
  
Andrew	
  Taylor	
   MSc	
   100	
   50	
   1	
  Oct	
  2012	
  –	
  30	
  Sep	
  2013	
  
Thesis	
   topic:	
  Seasonal	
  distribution,	
  movement	
  patterns	
  and	
  habitat	
  use	
  of	
  Atlantic	
  sturgeon,	
  Acipenser	
  oxyrinchus,	
   from	
  
the	
  Saint	
  John	
  River,	
  New	
  Brunswick,	
  Canada	
  
Jeffrey	
  Beardsall	
   MSc	
   100	
   0	
   1	
  Oct	
  2012	
  –	
  30	
  Sep	
  2013	
  
Thesis	
  topic:	
  Consequences	
  of	
  Incidental	
  Otter	
  Trawl	
  Capture	
  on	
  Survival	
  and	
  Physiological	
  Status	
  of	
  Threatened	
  Atlantic	
  
Sturgeon	
  (Acipenser	
  oxyrinchus)	
  
Colin	
  Buhariwalla	
   MSc	
   20%	
   0%	
   1	
  Oct	
  2012	
  –	
  30	
  Sep	
  2013	
  
Thesis	
  topic:	
  Stripped	
  bass	
  distribution	
  and	
  behaviour	
  determined	
  through	
  tracking	
  using	
  acoustic	
  telemetry	
  
Christine	
  Gilroy	
   RA	
   10	
   0	
   1	
  Oct	
  2012	
  –	
  02	
  Jan	
  2013	
  
Project	
  topic	
  (Usvyatsov,	
  Isherwood,	
  Cassidy,	
  Byrne,	
  Oland,	
  Gilroy):	
  Seasonal	
  distribution,	
  movement	
  patterns	
  and	
  habitat	
  
use	
  of	
  Atlantic	
  sturgeon,	
  Acipenser	
  oxyrinchus,	
  from	
  the	
  Saint	
  John	
  River,	
  New	
  Brunswick,	
  Canada	
  
Laura	
  Logan-­‐Chesney	
   RA	
   100	
   0	
   1	
  Oct	
  2012	
  –	
  1	
  Sept	
  2013	
  
Thesis	
  topic:	
  Acoustic	
  hydrophone	
  deployed	
  on	
  Atlantic	
  sturgeon	
  bioprobes	
  
Nathan	
  Stewart	
   BSc	
   50	
   0	
   05	
  Jan	
  2013	
  –	
  30	
  Sep	
  2013	
  
Thesis	
  topic:	
  Growth	
  Rate	
  of	
  Atlantic	
  sturgeon	
  in	
  the	
  Bay	
  of	
  Fundy	
  
George	
  Nau	
   BSc	
   100	
   0	
   05	
  Jan	
  2013	
  –	
  30	
  Sep	
  2013	
  
Thesis	
  topic:	
  Long	
  term	
  variation	
  in	
  fisheries	
  landings	
  and	
  their	
  relationship	
  to	
  environmental	
  variables	
  
Jeff	
  Bell	
   BSc	
   100	
   0	
   01	
  May	
  2013	
  –	
  30	
  Sep	
  2013	
  
Thesis	
  topic:	
  Movement	
  patterns	
  and	
  feeding	
  ecology	
  of	
  Atlantic	
  sturgeon	
  juveniles	
  in	
  the	
  Saint	
  John	
  River,	
  NB	
  
Kate	
  O'Brien	
   RA	
   100	
   0	
   	
  
	
  
b) Role,	
  activities,	
  and	
  opportunities	
  for	
  training	
  

Our HQP’s are completely integrated into every facet of this study. They prepare and deploy receivers. 
They operate on and acoustically tag sturgeon. They have developed new harness systems that have 
proven very reliable for keeping PAT (MK10 and mini-PAT) tags attached to free ranging sturgeon. 
They sample sturgeon for morphological characteristics (length, weight, etc.), collect samples for DNA 
analysis, stable isotope analysis, larval sampling and observe and help collect parasites. They are 
involved in active and passive tracking of Atlantic sturgeon. They assist in record keeping and data 
analysis, including submission of meta-data to the OTN data centre. Most HQP’s have become skilled in 
using data analysis packages such as “R” in advanced data analysis of movement and behavior data. 
Students independently write-up results for primary publications (see Publications and note recently 
submitted publications with HQPs as first authors). They present results at international and local 
scientific meetings from portions of the study for which they are responsible. 
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6.	
  Progress	
  towards	
  objectives/milestones	
  

a) Overall	
  objectives	
  

1. Determine the migratory behaviour and origin of Atlantic sturgeon on the east coast of Canada. 

2. Describe the annual, summer migration of Atlantic sturgeon through Minas Basin and the 
population characteristics of this aggregation.  

3. Determine the role that Minas Basin plays in the coastal migration of Atlantic sturgeon stocks on 
the east coast of North America. 

4. Determine the importance of Minas Basin to the growth and health of Atlantic sturgeon (feeding, 
parasites). 

5. Determine the movement of Atlantic sturgeon through Minas Passage and the potential impact of 
tidal power on east coast stocks.  

6. Improve scientific information on the existence and movements of Atlantic sturgeon stocks in 
eastern Canada 

7. Improve communication and information transfer with researchers and managers in the United 
States concerning the migratory behaviour and status of transboundary stocks of Atlantic sturgeon  

8. Determine large and fine scale movement patterns, seasonal distribution and habitat use of 
Atlantic sturgeon from the Saint John River, NB, Canada.  

9. Define critical river reaches of Atlantic sturgeon such as spawning sites and holding areas within 
the Saint John River. For example, the Mactaquac dam controls flow regimes and water levels 
which may have adverse effects on spawning, hatching and recruitment. Information on habitat 
utilization can be used to inform decision makers on management of water flow at the Mactaquac 
dam that will minimize impact on Atlantic sturgeon. 

10. Communicate our findings locally, nationally and internationally through meetings, presentations 
and publications.  

b) Progress	
  

a. Pop-up Archival Satellite Tags have provided new insight into the movement and migration of 
Atlantic sturgeon tagged in the Minas Basin and Saint John River. Jeff Beardsall (MSc at Acadia) 
and Andrew Taylor (MSc at Mount Allison) are completing final data analysis and preparing a 
manuscript that will provide new information to address this goal. 

b. Laura Logan Chesney is analysing the MPS and MPD data sets to describe annual migrations and 
population characteristics for sturgeon tagging in Minas Basin. 

c. A manuscript detailing the feeding behaviour of sturgeon in the Minas Basin was published by 
McLean et al. in 2012. This paper detailed the importance of Mina Basin as critical feeding habitat 
for Atlantic sturgeon. 

d. Nathan Stewart of Acadia in collaboration with DFO (Dr. Rod Bradford) is analyzing historical 
and recently provided (by the sturgeon fishing industry) pectoral spines of Atlantic sturgeon to 
determine the length age relationship that is critical for management of the population. 

e. A report has been prepared for the OERA detailing the movement of Atlantic sturgeon through 
Minas Passage using acoustic tags. This has identified the need to marry acoustic and archival 
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tagging technology to determine depth preference at high tidal flow, when acoustic tag detection 
range biases results. This project is on-going. 

f. Dadswell and Stokesbury along with Logan Chasney continue to study movement of possibly 
spawning Atlantic sturgeon in areas where populations have not been recorded (i.e. Avon River 
system, Whycocomagh Bay, Bras D'Or Lakes NS). 

g. Dadswell and Stokesbury have been actively working with researchers in the USA (Balazik, 
Stokesbury [U. Mass]) to inform the conservation status of Atlantic sturgeon. Dadswell attended 
the ASMFC meeting on the status and potential to de-list Atlantic sturgeon in the USA  

h. Atlantic sturgeon movement and habitat use during spawning migration in the Saint John River 
has been analyzed using ultrasonic and pop-up satellite archival tags by Taylor and Litvak. Final 
data analysis and a manuscript are being prepared by Taylor and Litvak to address this goal. Bell 
deployed ultrasonic tags and conducted stable isotope analysis to begin to examine feeding and 
movement of Atlantic sturgeon juveniles in the Saint John River.  

i. Litvak and Taylor continue to determine critical areas in the Saint John River. Potential spawning 
areas have been determined based on migration of tagged adult Atlantic sturgeon and the capture 
of larvae. Other potentially important areas have been identified where Atlantic sturgeon are found 
throughout the majority of the summer months. 

j. McLean et al presented results of our sturgeon program at the Fish Telemetry Conference in South 
Africa in July 2013. Stokesbury presented results of tagged sturgeon moving through Minas 
Passage at the ICES AGM in Iceland September, 2013.  

c) Significant	
  deviations	
  

There has been no significant deviation from the original objectives or plans. However, the project has 
become more complex and multifaceted. Aside from additions listed in the last annual report we are 
assessing the abundance of Atlantic sturgeon in Minas Basin and with collaborators Dr. Kevin 
Stokesbury, U. Mass. and Dr. Mat Balazak, Virginia Commonwealth University, also we are examining 
the conservation status of Atlantic sturgeon in the Northwest Atlantic. 

We have begun planning for acoustic tagging of Atlantic sturgeon in the Mira Estuary, Cape Breton, a 
little studied region of the Atlantic coastal environment. This work will broaden our study towards the 
realization of our primary objective to determine the migratory behaviour and origin of eastern Canada 
sturgeon stocks. This expansion should exploit the existence of the two OTN receiver lines off Halifax 
and northern Cape Breton. These adjustments are normal expansions to a project of this nature and 
provide an economy of scales where we are more thoroughly able to meet our objective while also 
building research capacity and innovation at our (Acadia and Mount Allison) and other institutions. 
Litvak has formed two new partnerships with First Nations groups: Fort Folly First Nation who work on 
the recovery of fish populations on the Petitcodiac River and the North Shore MicMac District Council 
Aboriginal Aquatic Resource and Oceans Management team (NSMDC-AAROM) who work on the 
Miramichi River. The inclusion of First Peoples environmental research groups in this program will not 
only increase our human resources allowing us to gain more and better information on Atlantic sturgeon, 
it will also increase the number of HQP’s and provides direct interaction with the community that is 
closely linked to this important species in Atlantic Canada. 
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d) Coordination	
  and	
  integration	
  

Co-ordination of field work during the 2013 field season was the responsibility of each research unit 
(Minas Basin, Saint John Estuary, Mira River). Dadswell and Stokesbury worked together with their 
HQP personnel (McLean – Funded by OTNC, Beardsall and Buhariwalla, Logan-Chesney, Andrews, 
Gregoire – Funded by other funds to MJWS and MJD) to deploy receivers and tag sturgeon in Minas 
Basin and in the Mira River. They also coordinated with and assisted Redden and Broome (ACER) in 
deployment of the additional receivers in Minas Passage. Litvak and his HQP personnel deployed 
receivers, tagged, sampled and tracked sturgeon in the Saint John River and estuary. Technology and 
information transfer occurred both at the supervisor and graduate student level and is ongoing between 
lab personnel. 

e) Scientific	
  and/or	
  engineering	
  significance	
  

Scientific. In the last year we have determined these previously unknown facts: 

• That a summer aggregation of about 9000 Atlantic sturgeon occurs in Minas Basin each year 
consisting of mainly sub adults and adults from 120- 200cm and 12-25 years of age. 

• These sturgeon enter Minas Basin in spring and move through the Basin feeding over soft 
sediments. Movement is in a clockwise pattern from the northern portion of the Basin to the 
southern. Sturgeon exit the Basin in late summer or early fall. 

• Passage into and out of the Basin occurs at mid-depths in Minas Passage, but biases in the acoustic 
data set caused by decreased range for acoustic tags at high flow, may compromise the reliability 
of these findings. Work is ongoing coupling acoustic and archival technology to increase our 
knowledge of depth distributions at high flow.. 

• Sturgeon return to Minas Basin in successive years and survival of acoustically tagged individuals 
is excellent (80% plus those that move to natal rivers to spawn). 

• Sturgeon have high survival after capture by otter trawl (> 97%) and increases in stress indicators 
from blood samples reveal that sturgeon returned quickly to the water suffer minimal stress. 

• Sturgeon feed on soft boddied invertebrates while in the southern bight of the Minas Basin, were 
others has predicted that they mainly feed on Crophium (mud shrimp). 

• In the Saint John River Atlantic sturgeon remain primarily in the lower reaches during the 
summer. We described daily activity schedules, fine scale movements of these tagged fish and 
habitat utilization. 

• Timing of exit from the Saint John River is from early August to late September. The Atlantic 
sturgeon seem to time their exit based on tidal flow. 

• Atlantic sturgeon tagged in 2010 and 2011 returned to the Saint John River in May 2013. Potential 
spawning migrations to upstream locations were observed.  

• Fish tagged in the Saint John River have been found in the Minas Basin, Musquash estuary, and 
passing the Halifax line.  
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Engineering: 

• In collaboration with Ocean Sonics Ltd. we have successfully deployed broad band hydrophones 
on Atlantic sturgeon in the Minas Basin and have recorded intereactions with marine mammals 
and other tagged fishes. 

• Litvak and HQP Taylor have developed a procedure that allows accurate (scale of meters) 
positioning of an acoustically tagged organism through triangulation using active tracking 
techniques. This is unique in the literature and when completed will be of importance to tag 
engineering companies. 

• Taggart, Litvak, and HQP combined pop-up archival tag ability with the capacity to measure 
acceleration. The field trial was successful and provides a design to continue developing an 
innovative solution to determining long term energy (and therefore somatic and reproductive 
potential) budgets for highly mobile animals. Creation of this tag would not only be of high 
significance to the scientific community but also of great interest to the Canadian and international 
animal tracking industry. 

• Tagged sturgeon moving through the Minas Passage, an area scheduled for Tidal Power turbine 
infrastructure deployment in 2012, have provided information on seasonality, depth preferences 
and tidal transport. This information is central to the design, deployment and operation of hydro 
power turbines in the Minas passage. Information will also inform mitigation measures for the 
industry to reach conservation targets for species of concern.  

• Definition of critical river reaches of Atlantic sturgeon within the Saint John River are required to 
manage flow rates at NB Power’s hydroelectric facilities. Information on habitat utilization can be 
used to inform decision makers on management of water flow at the Maqtaquac dam that will 
minimize impact on Atlantic sturgeon. 

7.	
  Difficulties	
  encountered	
  

	
   No	
  problems	
  occurred	
  during	
  the	
  reporting	
  period	
  	
  

There were no difficulties encountered this year.  

8.	
  Networking	
  and	
  outreach	
  

a) Intra-­‐network	
  collaboration	
  and	
  partner	
  meetings	
  

The research performed in this program is centred around building on capacity of OTN. Technology is 
discussed with OTNG technicians, and data collection and storage with OTNG data management. Large 
scale arrays that add important added value to our research are provided by other OTN collaborators. 
Questions fundamental to diadromous life history are now being developed with assistance of other 
OTNC arenas including animal trackers, oceanographers, and social scientists. The network approach 
has not only significantly accelerated our learning curve with respect to the biology and migration of 
Atlantic sturgeon, it is facilitating scientific enquiry on a broader scale that would not be possible 
without the OTN Network. For example, Management articles have been completed with Apostle and 
VanderZwaag and collaborative science articles with Dodson, Castonguay, Cooke and other researchers 
in the OTN. 
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Litvak and his M.Sc. student, A. Taylor (Mount Allison University, OTN Atlantic), and Beardsall and 
Logan-Chesney (Acadia HQP) developed linkages with Broell (M.Sc. Dal, OTN Atlantic) and Taggart 
(Dal, OTN Atlantic). Also, they deployed accelerometers on sturgeon in connection with an NSERC 
Engage grant (Stokesbury Acadia and Woods Instrument Concepts Inc.) in the Minas Basin. Taylor and 
Litvak’s work will benefit from this novel application by adding information to sturgeon behaviour that 
was previously limited to migration routes, and location detection. 

Litvak and Taylor are collaborating with Jinyu Sheng and Kyoko Ohashi (Dal, OTN Atlantic) to develop 
a method of back predicting pop-up satellite archival tag release locations using oceanographic models 
for the Bay of Fundy. This will provide a better estimate of actual release location from tagged Atlantic 
sturgeon allowing us to further explore potential over-winter areas in the Bay of Fundy.  

Since we became part of the OTN network other researchers discovered our work through web sites, 
meetings and publications and asked to collaborate in the study. This has dramatically expanded the 
scope of our work with little extra effort and led to numerous cross disciplinary relationships. Students 
have benefited in the planning and coordination of the combined research activities and have expanded 
the exchange of information and data.  

b) Interaction/outreach	
  to	
  broader	
  community	
  

Our project provides proof of concept for the OTN Canada. As one of the smaller projects we have 
greatly expanded our scientific reach while we have not deviated from our priorities. The OTN was 
meant to provide a framework for collaborative research that would be expanded and provide an 
economy of scale of infrastructure to allow researchers to answer important questions. Our project 
continues to expand research collaborations and answer important questions relevant to OTNs original 
goals. 

Additionally the OTNC sturgeon project has had impacts at the regulatory level (i.e. Tidal Power 
impacts, stock structure and abundance for DFO stock status report, NOAA meetings). Also, knowledge 
and HQP transfer has occurred between the OTNC sturgeon project, between OTNC Atlantic sturgeon 
and oceanography projects (Litvak, Taylor, Taggart and Broell, Beardsall, Stokesbury, Logan-Chesney) 
and OTNG international partners (i.e., Heuple and Simpendorfer at James Cooke University).  

The OTNC sturgeon project has deployed infrastructure in the Saint John River, the Minas Passage and 
the Minas Basin. This has provided information for researchers to reach objectives of the sturgeon 
project; it has also positively impacted other projects as we have gained tracking information on Spiny 
Dogfish (Campana, DFO), striped bass and American eels (Broome and Redden, Acadia), great white 
sharks (Skomal, Mass. State Government, USA) and other Atlantic sturgeon populations (Gayle 
Zydlewski U. Maine). The Saint John array has also served other researchers tracking fish on the on the 
Saint John River. We were pleased to report tag information to Rod Bradford (DFO) and Allen Curry 
(UNB) for their tracking programs on striped bass. 

Litvak has continued to conduct measurements at the Annual Lions Club Sturgeon Derby. This event 
provides an opportunity to discuss sturgeon conservation and current research with the public. Taylor 
provided an overview of the research conducted on Atlantic sturgeon in the Saint John River to the 
Sussex Fish and Game club.  
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9.	
  Dissemination	
  of	
  information	
  and	
  results	
  

a) Refereed	
  journal	
  articles	
  (7	
  total)	
  –	
  accepted/published	
  

 Dadswell, M. J., Nau, G. and M. J. W. Stokesbury. In Press. First verified record for shortnose sturgeon, 
Acipenser brevirostrum LeSueur, 1818, in Minas Basin, Bay of Fundy, Nova Scotia, Canada. 
Submitted to the Transactions of the Nova Scotia Institute of Science, Accepted October 2013. 

 McLean, M. F., Simfendorfer, C. A., Heupel, M. R., Dadswell, M. J., and M. J. W. Stokesbury. In Press. 
Quantifying Movement Patterns of Atlantic Sturgeon (Acipenser oxyrinchus) in the Minas 
Basin, Bay of Fundy, Canada Marine Ecology Progress Series, Accepted 25 August 2013 

 Phyne, J. G., Stokesbury, M. J. W., McLean, M. F., and P. Saunders. 2013. Sustainability and the 
Atlantic bluefin tuna: Science, socioeconomic forces and governance. Journal of International 
Wildlife Law and Policy 16: 170-197 

Apostle, R., Dadswell, M., Engler-Palma, C., Litvak, M., McLean, M. F., Stokesbury, M. J. W., Taylor, 
A. and D. VanderZwaag. 2013. Sustaining Atlantic sturgeon: Stitching a stronger scientific and 
governance net. Journal of International Wildlife Law and Policy 16: 198-226. 

Beardsall, J. W., McLean, M. F., Cooke, S. J., Wilson, B. C., Dadswell, M. J., Redden, A. R., and M. J. 
W. Stokesbury. 2013. Consequences of Incidental Otter Trawl Capture on Survival and 
Physiological Status of Threatened Atlantic Sturgeon Acipenser oxyrinchus. Transactions of the 
American Fisheries Society 142:1202-1214. 

McLean, M. F., Dadswell, M. J., and M. J. W. Stokesbury. 2013. Feeding Ecology of Atlantic sturgeon, 
Acipenser oxyrinchus Mitchill, 1815 on the Infauna of Intertidal Mudflats of Minas Basin, Bay 
of Fundy. 1:1-7 Journal of Applied Ichthyology 29: 503-509. 

b) Refereed	
  journal	
  articles	
  (2	
  total)	
  –	
  submitted	
  

Spares, A. D., Dadswell, M. J., MacMillan, J., Madden, R., O’Dor, R. K., and M. J. W. Stokesbury. 
Submitted. To fast to feed: an alternative life history for anadromous Brook Trout, Salvelinus 
fontinalis, overwintering within Antigonish Harbour, Nova Scotia, Canada. Journal of Fish 
Biology, Submitted July 2013.  

Stokesbury, K. D. E., Stokesbury, M. J. W., Balazik, M. T., and M. J. Dadswell. Submitted. Use of the 
SAFE index to evaluate the status of a summer aggregation of Atlantic sturgeon in Minas Basin, 
Canada and the implication of the index for the USA endangered species designation of 
Atlantic and shortnose sturgeons. Reviews in Fisheries Science, Submitted, October 2013.  

c) Conference	
  presentations	
  (1	
  total)	
  –	
  invited	
  

Taylor, A.D., and M.K. Litvak 2013. Technological advances in research on Atlantic sturgeon: New 
approaches using ultrasonic and pop-up satellite archival tags. ASFWB, Sackville, NB, October 
2013. 

 



Ocean Tracking Network Canada Annual Reports Year 4 (2013)	
   Iverson et al. 158749 
 

	
  
Project I.2.3: Atlantic sturgeon on the east coast of Canada Page 89  Page 89	
  

d) Conference	
  presentations	
  (6	
  total)	
  –	
  contributed	
  

Gregoire, M. 2013. Populations characteristics of winter kill of striped bass during a shutdown of the 
Trenton power plant, Pictou County, NS. ASFWB, Sackville, NB, October 2013 

Buhariwalla, C. 2013. Movements and population characteristics of striped bass, Morone saxatilis 
(Walbaum, 1792), in the Mira River, Nova Scotia. ASFWB, Sackville, NB, October 2013 

Stokesbury, M. J. W., McLean, M. F., Beardsall, J., W. and M. J. Dadswell. 2013. Atlantic sturgeon 
spatial behavioural patterns relative to possible interactions with tidal power infrastructure. 
ICES AGM, Iceland, September 2013. 

McLean, M. F., Simpfendorfer, C., A., Heupel, M. R., Dadswell, M. J. and M. J. W. Stokesbury. 2013. 
Diversity of behavioural patterns displayed by a summer feeding aggregation of Atlantic 
sturgeon in the intertidal region of Minas Basin, Bay of Fundy, Canada. 2nd International 
Conference of Fish Telemetry, Rhodes University, South Africa, July 2013. 

Beardsall, J. W., McLean, M. F., Cooke, S. J., Wilson, B. C., Dadswell, M. J., Redden, A. M. and M. J. 
W. Stokesbury. 2013. Consequences of incidental otter trawl capture on survival and 
physiological condition of threatened Atlantic sturgeon. 7th International symposium on 
sturgeon, Nanaimo, British Columbia, Canada, July 2013. 

Taylor, A.D., and M.K. Litvak 2013. Movement and seasonal distribution of the Saint John River 
Atlantic sturgeon population using ultrasonic and pop-up satellite archival tags.7th International 
symposium on sturgeon, Nanaimo, British Columbia, Canada, July 2013. 

10.	
  Other	
  contributions	
  and	
  deliverables	
  

a) Radio	
  or	
  television	
  interview	
  or	
  contribution	
  to	
  a	
  programme/documentary,	
  etc.	
  

Stokesbury is a featured scientist in a new National Film Board Documentary. It is currently being 
filmed and due to be released in 2013. The main focus of this documentary is bluefin tuna but OTNC 
sturgeon project has been discussed at length. 

c)	
   Invited	
  or	
  contributed	
  presentation/contribution	
  at	
  a	
  workshop	
  

Stokesbury, M., Dadswell, M., Broome, J., Redden, A., Wehrell, S., M. Litvak. 2013. Atlantic sturgeon 
Migratory Behaviour & Tidal Power Impacts. DFO Atlantic sturgeon RPA April, 2013, 
Fredericton, New Brunswick. 

Stokesbury, M. J. W. 2013. Atlantic bluefin tuna. Gulf Nova Scotia Tuna Fishermen’s Association 
workshop. Antigonish, Nova Scotia, March, 2013. 

Stokesbury, M. J. W. 2013. Atlantic bluefin tuna catch and release survival in the southern Gulf of St. 
Lawrence. Gulf Nova Scotia Tuna Fishermen’s Association workshop. Antigonish, Nova 
Scotia, March, 2013. 

Buhariwalla, C. M.J. Dadswell and M.J.W. Stocksbury. Striped bass in the Mira River Cape Breton. 
Atlantic Society of Fish and Wildlife Biologists, Sackville, NB October 2013. 
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e)	
   Data	
   reports,	
   technical	
   reports,	
   manuscript	
   reports,	
   advisory	
   documents,	
   briefing	
   notes,	
  
handbook	
  or	
  guide,	
  checklist,	
  barcode,	
  CTD	
  casts,	
  and/or	
  Glider	
  runs,	
  as	
  well	
  as	
  a	
  contribution	
  to	
  
a	
  larger	
  piece	
  of	
  work	
  in	
  any	
  of	
  the	
  former	
  	
  

Dadswell, M.J. and S, Nack. 2012. An analysis of the scientific data used in the NOAA listing of the 
USA Atlantic sturgeon population as endangered. 49 pp. www/asmfc.org.  

g)	
   Invited	
  or	
  contributed	
  consultation	
  with	
  an	
  agency;	
  public	
  or	
  private	
  

Dadswell attended a 4 day workshop of the Atlantic States Marine Fisheries Commission concerning the 
abundance and stock sizes of Atlantic sturgeon on the east coast of North America. He presented a talk 
on the contribution of USA sturgeon to the summer aggregation of sturgeon in Minas Basin, NS, Canada 
and highlighting the OTN line contribution to this knowledge. Recovery of USA fish etc. . 

j)	
   Internet	
  publishing,	
  portal,	
  blog,	
  electronic	
  publications	
  	
  

* Stokesbury Lab : http://coastalecology.acadiau.ca/ 

* Litvak Lab : http://sites.google.com/site/litvaklabsite/Home 

k)	
   Anything	
  else	
  that	
  isn't	
  a	
  primary	
  publication	
  that	
  has	
  you	
  communicating	
  with	
  others	
  

OERA finding report, fish telemetry in Minas Passage 

l)	
   Leveraging	
  your	
  research/funds	
  in	
  order	
  to	
  make	
  a	
  new	
  contribution	
  to	
  another	
  initiative	
  

• Expansion to Mira and other Maritime Rivers 

• Contribution to OEER tidal power impacts research 

• Contribution to ASMFC discussions 

n)	
   A	
  new	
  technology,	
  method,	
  protocol,	
  measure,	
  analytical	
   technique,	
  algorithm,	
  operational	
  or	
  
numerical	
   model,	
   or	
   predictive	
   tool.	
   Include	
   the	
   validation	
   of	
   any	
   of	
   the	
   former	
   and	
   their	
  
practical	
  application	
  

Taggart, Litvak, and HQP combined pop-up archival tag ability with the capacity to measure 
acceleration. The field trial was successful and provides a design to continue developing an innovative 
solution to determining long term energy (and therefore somatic and reproductive potential) budgets for 
highly mobile animals. Creation of this tag would not only be of high significance to the scientific 
community but also of great interest to the Canadian and international animal tracking industry. 

o)	
   A	
  proof	
  of	
  concept	
  in	
  relation	
  to	
  any	
  of	
  the	
  above	
  	
  

McLean and Stokesbury in collaboration with Vemco we have demonstrated that the Vemco VPS 3-D 
acoustic tracking array design is effective for accurate 3-D tracking fish with minimal error (metres) on 
a scale of kilometers in a Macro Tidal Estuary.  
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q)	
   Other	
  

It is particularly important for the Network to document items that have been “delivered” to the 
following sectors, organizations and agencies 

The public (e.g., scientific outreach and education). 

• The OTNC sturgeon project interacts with the public on several fronts. Commercial fishers in the 
Minas Basin belonging to the High Current Fishermen’s Association are active participants in all 
tagging and receiver deployment planning. Commercial fishers for Atlantic sturgeon in the St. 
John River help in the St. John River tagging by reporting captures. In both areas the commercial 
fishers that are involved in the project are active in their fishing and residential communities and 
help inform the public of the project goals and progress. Also, Stokesbury has delivered 
information to Gulf Nova Scotia tuna fishers on tracking of Atlantic bluefin tuna, using acoustic 
tags, through OTN lines (i.e., Cabot Straight, Straight of Belle Isle, Halifax Line). 

• The public are informed of our goal through several web applications. Stokesbury and Litvak have 
websites that are accessed by students and the public. Many potential students become interested 
in our projects through this outlet and we regularly receive emails enquiring about positions as 
students of technicians to work with our project.  

• Dadswell visited the hatchery and processing plant of C.Ceapa (the CEO of Acadian Caviar) on 
the Saint John River a commercial Atlantic sturgeon hatchery, growout and commercial 
production facility. Plans were made to collaborate on managing the sturgeon fishery in the Saint 
John and expanding the knowledge base on this population which makes up 60% of the sturgeon 
found in the Minas Basin in summer. Reciprocal tag information was exchanged and a project is in 
development through NSERC funding to study the growth rate of the Saint John sturgeon stock. 

11.	
  Collaborations	
  with	
  industrial	
  and	
  government	
  partners	
  

a) Partners	
  

Fisheries and Oceans, Transport Canada, Parks Canada and their scientific, statistical and management 
branches. 

Dadswell, Stokesbury and Litvak all took part as scientific reviewers for the Atlantic sturgeon RPA for a 
SARA listing hosted by DFO in Fredericton, New Brunswick, April 2013. 

The OTNC sturgeon project provides information on animal behaviour to the Offshore Education and 
Environmental Research group. OEER is an arms-length provincial government body that provincial 
that invests in environmental research for ocean energy. Stokesbury is a member of the OEER 
Environmental Mitigation Advisory Committee, which has monthly meetings for reporting on progress 
of research. 

Rod Bradford of Fisheries and Oceans Canada is involved in our sturgeon work as he is responsible for 
Anadromous species of concern. Bradford meets with Stokesbury regularly and with Litvak when 
possible. Bradford and Fisheries and Oceans collaborated with Stokesbury on OTNC sturgeon 
presentation at the DFO SARA evaluations for Atlantic sturgeon.  
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b) Contributions	
  
 

Name	
  of	
  supporting	
  organization:	
   Year	
  4	
  
CFI	
  (LOF	
  -­‐	
  Stokesbury)	
   (2013)	
  
Cash	
  contributions	
  to	
  direct	
  costs	
  of	
  research	
   $5	
  000	
  
In-­‐kind	
  contributions	
  to	
  direct	
  costs	
  of	
  research	
   	
  
1) Salaries	
  for	
  scientific	
  and	
  technical	
  staff	
    	
  
2) Donation	
  of	
  equipment,	
  software	
    	
  
3) Donation	
  of	
  material	
    	
  
4) Field	
  work	
  logistics	
    	
  
5) Provision	
  of	
  services	
    	
  
6) Other	
  (specify):	
  	
    	
  
In-­‐kind	
  contributions	
  to	
  indirect	
  costs	
  of	
  research	
   	
  
1) Use	
  of	
  organization’s	
  facilities	
    	
  
2) Salaries	
  of	
  managerial	
  and	
  administrative	
  staff	
    	
  
3) Other	
  (specify):	
  	
    	
  
Total	
  of	
  all	
  in-­‐kind	
  contributions	
   	
  

 
Name	
  of	
  supporting	
  organization:	
   Year	
  4	
  
Acadia	
  University	
   (2013)	
  
Cash	
  contributions	
  to	
  direct	
  costs	
  of	
  research	
   $9	
  000	
  
In-­‐kind	
  contributions	
  to	
  direct	
  costs	
  of	
  research	
   	
  
1) Salaries	
  for	
  scientific	
  and	
  technical	
  staff	
   	
  	
  
2) Donation	
  of	
  equipment,	
  software	
   	
  	
  
3) Donation	
  of	
  material	
   $2	
  000	
  
4) Field	
  work	
  logistics	
   $4	
  000	
  
5) Provision	
  of	
  services	
   $1	
  000	
  
6) Other	
  (specify):	
  	
   	
  	
  
In-­‐kind	
  contributions	
  to	
  indirect	
  costs	
  of	
  research	
   	
  
1) Use	
  of	
  organization’s	
  facilities	
   $6	
  000	
  
2) Salaries	
  of	
  managerial	
  and	
  administrative	
  staff	
   $2	
  500	
  
3) Other	
  (specify):	
  	
   	
  	
  
Total	
  of	
  all	
  in-­‐kind	
  contributions	
   $15	
  500	
  

 
Name	
  of	
  supporting	
  organization:	
   Year	
  4	
  
Mount	
  Allison	
  University	
   (2013)	
  
Cash	
  contributions	
  to	
  direct	
  costs	
  of	
  research	
    	
  
In-­‐kind	
  contributions	
  to	
  direct	
  costs	
  of	
  research	
   	
  
1) Salaries	
  for	
  scientific	
  and	
  technical	
  staff	
   $14	
  000	
  
2) Donation	
  of	
  equipment,	
  software	
   	
  	
  
3) Donation	
  of	
  material	
   $2	
  000	
  
4) Field	
  work	
  logistics	
   $4	
  000	
  
5) Provision	
  of	
  services	
   $1	
  000	
  
6) Other	
  (specify):	
  	
   	
  	
  
In-­‐kind	
  contributions	
  to	
  indirect	
  costs	
  of	
  research	
   	
  
1) Use	
  of	
  organization’s	
  facilities	
   $4	
  000	
  
2) Salaries	
  of	
  managerial	
  and	
  administrative	
  staff	
   $2	
  500	
  
3) Other	
  (specify):	
  	
   	
  	
  
Total	
  of	
  all	
  in-­‐kind	
  contributions	
   $27	
  500	
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Ocean	
  Tracking	
  Network	
  Canada	
   	
   	
   	
   	
   	
   NSERC	
  
Progress	
  Report	
  Year	
  4	
  Review:	
  1	
  October	
  2012	
  –	
  30	
  September	
  2013	
  
	
  

I.	
  Atlantic	
  Arena	
  

1.	
  Project	
  Number:	
  I.2.4 and I.2.5	
  

2.	
  Project	
   Title:	
   Grey seals (Halichoerus grypus) as Bioprobes: Predicting Impacts on their 
Ecosystems, and, Design Principles for OTN	
  

3.	
  Project	
  Leaders:	
  S. Iverson, J. Mills Flemming (Dalhousie), D. Bowen (BIO-DFO Dalhousie)	
  
Collaborators:	
  L. Comeau (DFO NB), K. Fennel, J. Sheng, K. Thompson (Dalhousie), M. Hammil, 
D. Swain (DFO Gulf Region)	
  

4.	
  Public	
  summary	
  of	
  report	
  

An examination of data recovered from two bluetooth-linked VMT and GPS transmitters deployed on 
grey seals in October 2012 showed that the bluetooth connection was successful in transferring data 
from the VMT to the GPS units for retrieval from the ARGOS satellite system. This configuration 
allows deployments to take place at sites other than Sable Island (or in other species) since there is no 
need to recapture seals. In July, we deployed another eight Bluetooth-linked units on grey seals in the 
southern Gulf of St. Lawrence and anticipate these units to collect data through to Spring 2014. In June, 
another 15 grey seals were deployed with standard VMTs and GPS transmitters on Sable Island to be 
recovered in January 2014. In January of this year, 16 of the 17 standard VMT and GPS transmitters 
deployed in June 2012 were recovered. Detections from six Atlantic cod, three salmon, 14 bluefin tuna 
and one American eel were recorded in addition to seal-seal detections. Bluefin tuna detections were 
mostly recorded by two adult male seals and suggest competition for the same resource. To understand 
the significance of the number of detections collected to date, several variables have been evaluated that 
might influence detection efficiency; wind stress and distance between VMTs appear to have the 
greatest effect. Due to the large amount of data being collected, a more efficient software package has 
been implemented to run behavioural state-space switching models to reduce computation time. Using 
this new method, four years of seal-seal interactions have been examined to determine what 
oceanographic features are associated with grey seal habitats. Oceanographic data collected by sensors 
on the GPS tags deployed on grey seals were calibrated with standard oceanographic sensors to allow 
for their use in oceanographic models. A proxy for phytoplankton biomass based on light data has been 
developed to allow us to examine the influence of primary productivity on seal habitat use. Detections 
from 42 tagged cod collected on the fixed Halifax and Cabot Strait receiver lines suggests limited 
mixing between the Scotian Shelf and Gulf of St. Lawrence, a seasonal pattern of movement along the 
Cabot Strait line, and indication of greater residency around the Halifax line. These data are critical for 
evaluating the likelihood of overlap between grey seals and cod and thus probability of detection. 
Finally, a Bayesian mark-recapture model was implemented to estimate out-migration survival rates of 
Atlantic salmon post-smolts. 
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5.	
  Training	
  of	
  Highly	
  Qualified	
  Personnel	
  

a) HQP	
  and	
  level	
  of	
  support	
  
	
  

Name	
   Title	
  
%	
  Time	
  in	
  
project	
  

%	
  Support	
  
from	
  SNG	
   Dates	
  

Stuart	
  Carson	
   PhD	
   100	
   100	
   1	
  Oct	
  2012	
  –	
  30	
  Sep	
  2013	
  
Thesis	
  topic:	
  Spatial	
  point	
  process	
  analysis	
  of	
  at	
  sea	
  seal	
  encounters	
  
Susan	
  Heaslip	
   PhD	
   15	
   0	
   1	
  Oct	
  2012	
  –	
  30	
  May	
  2013	
  
Thesis	
  topic:	
  optimal	
  foraging	
  ecology	
  of	
  grey	
  seals	
  
Ian	
  Jonsen	
   RA	
   100	
   100	
   1	
  Oct	
  2012	
  –	
  30	
  Sep	
  2013	
  
Research	
  topic:	
  Development	
  and	
  application	
  of	
  quantitative	
  analyses	
  and	
  visualizations	
  for	
  tracking	
  data	
  
Shelley	
  Lang	
   RA	
   20	
   0	
   1	
  Oct	
  2012	
  –	
  30	
  Sep	
  2013	
  
Topic:	
  combining	
  dietary	
  data	
  and	
  grey	
  seal	
  habitat	
  use	
  
Damian	
  Lidgard	
   RA	
   80	
   80	
   1	
  Oct	
  2012	
  –	
  30	
  Sep	
  2013	
  
Research	
  topic:	
  encounters	
  between	
  grey	
  seals	
  and	
  their	
  prey	
  and	
  at-­‐sea	
  social	
  interactions	
  amongst	
  grey	
  seals	
  
Laurie	
  Baker	
   MSc	
   100	
   60	
   1	
  Oct	
  2012	
  –	
  30	
  Sep	
  2013	
  
Thesis	
  topic:	
  examination	
  of	
  factors	
  that	
  influence	
  VMT	
  detection	
  efficiency	
  
Priyanka	
  Varkey	
   BSc	
   50	
   0	
   1	
  Oct	
  2012	
  –	
  30	
  Apr	
  2013	
  
Thesis	
  topic:	
  movement	
  patterns	
  of	
  cod	
  using	
  detections	
  from	
  acoustic	
  receiver	
  lines	
  
Kim	
  Whoriskey	
   BSc	
   33	
   33	
   1	
  Sep	
  2013	
  –	
  30	
  Sep	
  2013	
  
Thesis	
  topic:	
  post-­‐breeding	
  foraging	
  strategies	
  of	
  grey	
  seal	
  females	
  from	
  coastal-­‐	
  vs	
  offshore-­‐breeding	
  populations	
  	
  
Joyce	
  Rowsell	
   BSc	
   25	
   0	
   	
  
Thesis	
  topic:	
  detection	
  rates	
  of	
  sentinel	
  acoustic	
  tags	
  by	
  grey	
  seal-­‐borne	
  mobile	
  acoustic	
  transceivers	
  (VMT's)	
  
Amy	
  Ryan	
   technical	
  

assistant	
  
33	
   33	
   1	
  Oct	
  2012	
  –	
  30	
  Apr	
  2013	
  

	
  
b) Role,	
  activities,	
  and	
  opportunities	
  for	
  training	
  

Technical staff were responsible for analysis of grey seal and prey samples for diet analyses, 
organization and upkeep of the prey database, and support of field work. 

6.	
  Progress	
  towards	
  objectives/milestones	
  

a) Overall	
  objectives	
  

The objectives stated in the original SNG proposal over a 7-year period were as follows, with some 
aimed to be achieved in Phase I of this SNG and others to be achieved in Phase II: 

1) To examine the hypothesis that grey seals are responsible for the high levels of natural mortality 
among adults in two declining and depleted Atlantic cod stocks, southern Gulf of St. Lawrence 
and Eastern Scotian Shelf; 

2) To determine the extent to which grey seals contribute to ocean mortality of Atlantic salmon 
smolts; 

3) To provide data on grey seal foraging locations to help validate behavioural state space switching 
models; 



Ocean Tracking Network Canada Annual Reports Year 4 (2013)	
   Iverson et al. 158749 
 

	
  
Projects I.2.4 and I.2.5: Grey seals as Bioprobes, and, Design Principles for OTN Page 95  Page 95	
  

4) To collect fine (<500m ) and meso-scale information on the distribution and movements of prey 
species that have been tagged with coded acoustic tags; 

5) To test the hypothesis that grey seal movements and search/foraging behaviour are conditioned by 
oceanographic current field; 

6) To determine what oceanographic features are associated with habitats heavily used by grey seals; 
7) To determine how much of the seasonal changes in sex- specific habitat use by seals is explained 

by seasonal changes in oceanography; and 
8) To develop predictive models of habitat use that incorporate physical/biological oceanographic 

features such as temperature, bathymetry, currents, prey biomass and diversity; 
9) To predict the probabilities of encounter between grey seal bioprobes and acoustic-tagged species 

(e.g. Atlantic cod, Atlantic salmon) using a spatially-explicit simulation model; 
10) To estimate encounter rates and spatial density of acoustic-tagged species; 

11) To develop statistical (e.g. mark-recapture) methods for estimating movement rates and survival of 
acoustic-tagged species; 

12) To estimate functional relationships between leatherback turtle movement behaviours and the bio-
physical environment.  

b) Progress	
  

Objectives 1 to 3: Sixteen of the 17 seals deployed on Sable Island in June 2012 were recovered in 
January 2013. As in previous years, the VMTs had logged a large number of seal-seal detections 
(n=3,136) suggesting seals are competing for the same resource, reducing predation risk or within a 
social structure. Four species of fish were detected (n=1,006; Atlantic cod, salmon, bluefin tuna and 
American eel) but there was no evidence of predation events. Interactions between seals and bluefin tuna 
suggest the two species might be competing for the same resource. Another 15 grey seals were deployed 
with VMTs and GPS units in June 2013 and these will be recaptured in December-January 2014 to 
recover their instruments. In October 2012 two prototype Bluetooth-linked VMT and GPS units were 
tested on two adult female grey seals deployed from Sable Island. The Bluetooth link was created to 
allow detections recorded by the VMT to be transferred via Bluetooth to the GPS unit for transmission 
to the ARGOS satellite system for retrieval, thus removing the need to recapture seals and allowing 
deployments to take place at sites close to or within the southern Gulf of St. Lawrence. The transmitted 
data and that archived by the VMT were the same (other than two detections missing from the 
transmitted data), and comprised 179 seal-seal detections but no fish detections. Due to this success, in 
July 2013 eight grey seals were deployed with Bluetooth units in the southern Gulf of St. Lawrence and 
it is hoped these will continue to transmit data through to Spring 2014. 

Some preliminary work has been done by student Kim Whoriskey, J. Mills Flemming and I. Jonsen to 
implement behavioural state-space switching models using the R-INLA package (www.r-inla.org). The 
expectation is that this will lead to both a large reduction in computation time and the capability to do 
more rigorous model selection.  

Objective 4: To better understand the distribution and movement of cod, Dalhousie Honours student 
Priyanka Varkey analysed detections of 472 Atlantic cod deployed with V16s on the Eastern Scotian 
Shelf (ESS) and in the southern Gulf of St. Lawrence, and subsequently detected by the static Halifax 
and Cabot Strait receiver lines. Although many cod had not been detected (n = 416), 42 had been 
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detected on the Cabot Strait line and 14 on the Halifax line. No cod were detected on both lines 
suggesting limited mixing between the two areas. On the Cabot Strait line the greatest number of 
detections occurred between October and March which agrees with previous studies that have shown 
cod to migrate out of the southern Gulf during the colder months and seek the deeper and warmer waters 
of the Laurentian Channel. Cod detected on the Halifax line showed a peak in detections between 
October and December suggesting a seasonal movement, but in this area cod were detected more 
frequently throughout the year suggesting a more resident behaviour pattern compared with that of the 
Gulf. 

Phd candidate Stuart Carson and J. Mills Flemming have now analysed four years of VMT seal-seal 
interactions using a spatial-temporal model fitted using R-INLA. Results allow one to determine what 
oceanographic features are associated with habitats heavily used by grey seals.  

Objectives 5 to 8: Detailed oceanographic data collected by the GPS satellite-linked transmitters are 
used to address these four objectives. Each tag records sea temperature, light, and depth every 10 
seconds for the entire deployment period, thus collecting detailed oceanographic data during the course 
of the seals movement history. To address the four objectives, in 2014 a graduate student will be tasked 
with incorporating these data along with data on seal movements and habitat use into oceanographic 
models. With this in mind, since March 2012 MSc candidate Karl Bryan Lagman, Richard Davis, Dr 
Katja Fennel and Dr John Cullen from the Department of Oceanography, Dalhousie, have been 
deploying five of the GPS transmitters in the Bedford Basin on day-long weekly deployments alongside 
a sampling device collecting a full suite of bio-optical measurements. These data will help calibrate the 
oceanographic sensors on the tags and examine inter-tag variability in irradiance sensors embedded in 
the tags. Using the light data collected by the GPS tags, and the fact that phytoplankton is a major 
contributor to vertical light attenuation, Karl Lagman has developed a light attenuation coefficient to be 
used as a proxy for phytoplankton biomass. Thus, in addition to the oceanographic data collected by the 
seal tags, estimates of phytoplankton, and therefore productivity, can be incorporated into the 
oceanographic models. 

The spatial-temporal models developed by PhD candidate Stuart Carson and J. Mills Flemming (above) 
enable one to utilize the approximated posterion distributions as a predictive spatial/temporal field that 
one may be able to potentially interpret as a proxy for prey distribution. 

Objectives 9 to 10: Laurie Baker conducted extensive analyses to examine VMT-to-VMT detection rates 
and potential environmental and behavioural factors affecting these rates. Distance between VMTs, 
surface wind stress and minimum depth of VMT pairs are the best predictors of detection success, with 
wind stress having the greatest effect on detection efficiency. This work has also highlighted the 
importance of access to the raw "ping" data collected by the tags, but not widely available to users. 
Access was made possible via close collaboration with VEMCO. Additional work will be conducted in 
2013-2014 to estimate sampling coverage of VMT's by inferring the movement pathways of the seal-
borne VMTs in 3 dimensions. This will provide important context for understanding encounter rates of 
other tagged species and estimating their spatial density. 

Objective 11: Implementation of a Bayesian Cormack-Jolly-Seber mark-recapture model for estimating 
out-migration survival rates of Atlantic salmon post-smolts was refined (I. Jonsen) to better account for 
independently estimated acoustic receiver detection efficiency information (Strait of Belle Isle line). 
Manuscript submission to ICES J Mar Sci with F. Whoriskey is expected in 2014. 
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c) Significant	
  deviations	
  

The unexpected discovery that seals associate with each other while at sea can offer new insights into 
our understanding of the dynamics of seal foraging behaviour and the spatial-temporal pattern of 
interactions with prey. We feel it is important to pursue this aspect of the project (in addition to seal-fish 
interactions) further in Phase II. A significant portion of L. Baker’s MSc thesis will be devoted to 
calibrating VMT performance. The need for this research was not fully appreciated, but it is considered 
essential to draw reliable ecological/biological conclusions from VMT data. The results from this 
research will have cross-cutting application to all of OTN. 

d) Coordination	
  and	
  integration	
  

As in the previous year, monthly meetings have been held with all co-investigators and HQP involved in 
the bioprobe project to develop collaborations and ensure all parties involved are kept up-to-date. 

S. Smith and D. Bowen (DFO, Maritime Region) organized the tagging of cod on the Eastern Scotian 
Shelf in November 2012, while S. Smith conducted the surgery to implant the tags. D. Swain, L. 
Comeau and S. Leblanc (DFO, Gulf Region) organized the tagging of cod in the Gulf of St. Lawrence in 
May 2013, and L. Comeau and S. Leblanc conducted the surgery. 

With the success of the development of a Bluetooth linked VMT and GPS transmitter to eliminate the 
need to recapture seals to recover instruments and data, the collaboration between Vemco, the Sea 
Mammal Research Unit, Scotland and OTN has continued. Eight Bluetooth VMTs and GPS units were 
deployed on grey seals in the southern Gulf of St. Lawrence in July 2013 with logistical support from 
Mike Hammill (DFO, Quebec) and Robert DiGiovanni and Kim Durham (Riverhead Foundation for 
Marine Research and Preservation, NY).  

e) Scientific	
  and/or	
  engineering	
  significance	
  

The success of the Bluetooth-linked VMT and GPS transmitter has enabled us to deploy the VMT on 
seals located at sites other than Sable Island thus broadening our geographical sampling area and 
providing a more representative sample of seal-fish encounters. Eight grey seals were deployed with 
Bluetooth-linked VMTs and GPS units in July 2013 close to PEI. Results to date show that these eight 
seals have accumulated ~5100 seal-seal detections and encountered two bluefin tuna and six cod. Since 
the onset of the project, we have noticed each year that seals encounter Atlantic bluefin tuna and 2013 
was no exception; two male grey seals spent approximately one week associating with 6 to 7 tagged 
bluefin tuna on the Eastern Scotian Shelf and accumulated ~ 900 detections. These results suggest that 
grey seals and bluefin tuna are using the same resource (prey or foraging area) and indicate competitor-
competitor interactions. These results provide a greater understanding of the foraging ecology of these 
top marine predators.  

7.	
  Difficulties	
  encountered	
  

	
   Other:	
  	
  

Ian Jonsen will be leaving Dalhousie University in 2014 for a research position at the University of 
Sydney, Australia. To replace Ian and his skills, J. Mills-Flemming will hire a postdoc in March-April 
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2014. Ian will remain linked to OTN through collaboration with J. Mills-Flemming and continued 
(although distant) co-supervision of K. Whoriskey and L. Baker. 

8.	
  Networking	
  and	
  outreach	
  

a) Intra-­‐network	
  collaboration	
  and	
  partner	
  meetings	
  

I. Jonsen is collaborating with M. Litvak and A. Taylor on state-space model estimation of Atlantic 
sturgeon locations using light-level geolocation, coastline, and depth/bathymetry data. The approach is 
intended to improve location estimates from the highly error-prone geolocation data, thereby providing 
more detailed information than is currently possible on movement patterns of Atlantic sturgeon while at 
sea.  

J. Mills Flemming is now a member of the International Scientific Advisory Committee for OTN whose 
mandate is to provide independent advice on additional opportunities for international collaboration and 
the direction of the research sustained by OTN.  

The spatial-temporal model developed by PhD candidate Stuart Carson and J. Mills Flemming will be 
incorporated into social network analyses conducted by Damian Lidgard to examine the structure of 
social interactions between individual seals. 

b) Interaction/outreach	
  to	
  broader	
  community	
  

S. Iverson co-hosted a special session on 'Advances in Studying Spatial Distribution' at the ICES Annual 
Science conference (Reykjavik, Iceland) and gave a keynote presentation on an overview of the OTN. 
HQP D. Lidgard and L. Baker presented results from their research on seal-fish interactions and VMT 
detection efficiency, respectively.  

Honours student P. Varkey presented results from her study of the movement and distribution of 
Atlantic cod using detections on the Halifax and Cabot Strait lines, at the 27th Annual Cameron 
Conference, Dalhousie University, February 2013.  

D. Lidgard alongside collaborators K. Sykes (Thompson Rivers University) and T. Gazit (Dalhousie 
University) presented their paper on the grey seal - cod debate at the Dalhousie Marine Affairs 
Conference, April 2013.  

Co-PIs, HQP, and many collaborators, attended the 3rd Annual OTN Canada-wide Symposium in 
Halifax in June 2012. L. Baker, D. Lidgard and S. Carson (HQPs) gave presentations at the Symposium. 

Damian Lidgard gave a presentation at the Halifax Independent School on the grey seals on Sable Island 
and OTN.  

S. Iverson gave ~seven other OTN lectures publicly and at workshops and conferences locally and 
internationally, all of which heavily featured the results of the Bioprobe projects.  
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9.	
  Dissemination	
  of	
  information	
  and	
  results	
  

a) Refereed	
  journal	
  articles	
  (10	
  total)	
  –	
  accepted/published	
  

Lidgard DC, Bowen WD, Jonsen ID, Iverson SJ (2012) Animal-borne acoustic transceivers reveal 
patterns of at-sea associations in an upper-trophic level predator. PLoS One 7:e48962 

Gazit T, Lidgard D, & Sykes K. (2013). Changing Environments: Tracking the Scientific, Socio-
political, Legal, and Ethical Currents of the Grey Seal – Cod Debate in Atlantic Canada. 
Journal of International Wildlife Law & Policy, 16. doi: 10.1080/13880292.2013.805070 

Lidgard DC, Bowen WD, Jonsen ID, Iverson SJ (accepted) Predator-borne acoustic transceivers and 
GPS tracking reveal spatial and temporal patterns of encounters with acoustically-tagged fish in 
the open ocean. Marine Ecology Progress Series. 

Silva MA, Prieto R, Jonsen ID, Baumgartner MF, Santos RS (2013) North Atlantic blue and fin whales 
suspend their spring migration to forage in middle latitudes: building up energy reserves for the 
journey? PLoS One 8(10):e76507 

Whitehead H, Jonsen ID (2013) Inferring animal densities from tracking data using Markov chains. 
PLoS One 8(4): e60901 

Jonsen ID, Basson M, Bestley S, Bravington M, Patterson TA, Pedersen M, Thomson R, Thygesen U, 
Wotherspoon S (2013) State-space models for biologgers: a methodological road map. Deep 
Sea Research II: 88-89:34-46 

Bestley S, Jonsen ID, Hindell MA, Guinet C, Charrassin J-R (2013) Integrative modelling of animal 
movement: incorporating in situ habitat and behavioural information for a migratory marine 
predator. Proc Roy Soc B 280:20122262 

Hazen EL, Jorgensen S, Rykaczewski RR, Bograd SJ, Foley DG, Jonsen ID, Shaffer SA, Dunne JP, 
Costa DP, Crowder LP, Block BA (2013) Predicted habitat shifts of Pacific top predators in a 
changing climate. Nature Climate Change 3:234-238 

Edwards AM, Freeman MP, Breed GA, Jonsen ID (2012) Incorrect likelihood methods were used to 
infer scaling laws of marine predator search behaviour. PLoS One 7(10):e45174 

Swain DP, Jonsen ID, Simon JE, Davies TD (2012) Decadal mortality trends of skate populations in 
Atlantic Canada. CJFAS 70:74-89 

b) Refereed	
  journal	
  articles	
  (5	
  total)	
  –	
  submitted	
  

Lidgard DC, Bowen WD, Jonsen ID, McConnell BJ, Lovell P, Webber DM, Stone T, Iverson SJ 
Bluetooth technology promises to broaden the use of bioprobes to study species interactions in 
wide-ranging marine predators. Methods in Ecology and Evolution. 

Silva MA, Prieto R, Jonsen ID, Baumgartner MF. Assessing performance of a Bayesian state-space 
model fit to Argos locations processed with a Kalman filtering algorithm. PLoS One 
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Pollet I, Ronconi R, Jonsen ID, Leonard ML, Taylor PD, Shutler D. Spatiotemporal patterns in foraging 
movements of Leach's storm-petrels, Oceanodroma leucorhoa, during incubation. Journal of 
Avian Biology 

Carson S and Mills Flemming J. Seal Encounters at Sea: A Spatial Point Pattern Approach. 
Environmetrics. 

Cosandey-Godin A, Krainksi, E, Worm B, Mills Flemming J. Spatio-temporal modelling of bycatch data: 
Greenland shark bycatch in Baffin Bay. Methods in Ecology and Evolution 

c) Conference	
  presentations	
  (4	
  total)	
  –	
  invited	
  

Iverson SJ (2013) What Marine Animals can tell us about Oceans and Climate Change. Fishermen and 
Scientists Research Society (FSRS) 20th Annual Conference, Truro, NS, February 2013 

Iverson SJ (2013) Ocean Tracking Network: opportunities for data warehousing, research, and 
collaboration. Great Lakes Acoustic Telemetry Observation System (GLATOS) Annual 
Meeting, Ann Arbor, Michigan (March 2013) 

Iverson SJ (2013) The Ocean Tracking Network (OTN) Canada: a template for developing other 
integrated research networks within the global OTN. ICES Annual Science Conference, 
Rekyavik, Iceland, 23-27 September 2013 

Mills Flemming J (2013) Challenges in Marine Statistical Ecology, The Canadian Mathematical Society 
(CMS) Summer Meeting, Halifax, Nova Scotia, June 2013. 

d) Conference	
  presentations	
  (2	
  total)	
  –	
  contributed	
  

Lidgard DC, Bowen WD, Jonsen ID, Iverson SJ (2013) Piscivore meets pices: interactions between grey 
seals and fish on the Eastern Scotian Shelf and southern Gulf of St. Lawrence. ICES Annual 
Science Conference, 23-27 September 2013 

Baker LL, Jonsen ID, Mills Flemming JA, Lidgard DC, Iverson SJ (2013) Detection efficiency of 
Vemco mobile transceivers deployed on grey seals (Halichoerus grypus) on the Scotian Shelf. 
ICES Annual Science Conference, 23-27 September 2013  

10.	
  Other	
  contributions	
  and	
  deliverables	
  

b)	
   Invited	
  or	
  contributed	
  open-­‐to-­‐public	
  presentation/contribution	
  

S. Iverson and D. Lidgard, together with N. Beauchamp, participated in the Open House of the NS 
Natural History Museum, featuring the OTN Bioprobe work on Sable Island (May 2013) 

l)	
   Leveraging	
  your	
  research/funds	
  in	
  order	
  to	
  make	
  a	
  new	
  contribution	
  to	
  another	
  initiative	
  

J. Mills Flemming (Team Leader) along with fisheries and statistical collaborators was awarded a 
Collaborative Research Team Project by the Canadian Statistical Science Institute titled "Advancements 
to State Space Models for Fisheries Science". The Ocean Tracking Network is a partner.  
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n)	
   A	
  new	
  technology,	
  method,	
  protocol,	
  measure,	
  analytical	
   technique,	
  algorithm,	
  operational	
  or	
  
numerical	
  model,	
  or	
  predictive	
  tool	
  

Development of a Bluetooth-linked VMT and GPS satellite-linked transmitter through collaborations 
with Vemco and Sea Mammal Research Unit, Scotland. Development of an algorithm to compress data 
from VMT into fewer bytes for transmission to the ARGOS satellite system.  

o)	
   A	
  proof	
  of	
  concept	
  in	
  relation	
  to	
  any	
  of	
  the	
  above	
  	
  

In October 2012, two adult female grey seals were deployed with the bluetooth-linked VMT and GPS 
transmitter to test the ability of the Bluetooth connection to transmit data between the VMT and GPS 
unit under natural conditions. Units were retrieved from the two seals the following January. Archival 
data from the VMT and data transmitted via the ARGOS satellite system were essentially the same 
demonstrating the utility of the Bluetooth-linked configuration. 

11.	
  Collaborations	
  with	
  industrial	
  and	
  government	
  partners	
  

a) Partners	
  

As in previous years, the Department of Fisheries and Oceans, Canada (DFO) continues to be integral 
for the deployment of telemetry and data-logging instruments on grey seals and transmitter tags on 
Atlantic cod. The DFO provides the logistics and equipment for conducting fieldwork on Sable Island 
and deployment of the VMT and GPS tags. Their logistical and knowledge support was particularly 
invaluable for the deployment of the Bluetooth-linked VMTs and satellite transmitters in the southern 
Gulf of St. Lawrence in July 2013. They are also integral to the deployment of transmitters on Atlantic 
cod on the Eastern Scotian Shelf and in the southern Gulf, providing the boat, crew and experienced 
personnel for conducting surgery on live fish. VEMCO continues to provide the necessary technical 
support and product development for both the standard VMT and Bluetooth-linked VMT. The Sea 
Mammal Research Unit, Scotland also have been invaluable in developing the Bluetooth link for the 
VMT and an algorithm for the compression of data for transmission of detection data via satellite.  

b) Contributions	
  
 

Name	
  of	
  supporting	
  organization:	
   Year	
  4	
  
DFO	
   (2013)	
  
Cash	
  contributions	
  to	
  direct	
  costs	
  of	
  research	
    	
  
In-­‐kind	
  contributions	
  to	
  direct	
  costs	
  of	
  research	
   	
  
1) Salaries	
  for	
  scientific	
  and	
  technical	
  staff	
   $55	
  000	
  
2) Donation	
  of	
  equipment,	
  software	
   	
  	
  
3) Donation	
  of	
  material	
   	
  	
  
4) Field	
  work	
  logistics	
   $178	
  400	
  
5) Provision	
  of	
  services	
   	
  	
  
6) Other	
  (specify):	
  	
   	
  	
  
In-­‐kind	
  contributions	
  to	
  indirect	
  costs	
  of	
  research	
   	
  
1) Use	
  of	
  organization’s	
  facilities	
   	
  	
  
2) Salaries	
  of	
  managerial	
  and	
  administrative	
  staff	
   	
  	
  
3) Other	
  (specify):	
  	
   	
  	
  
Total	
  of	
  all	
  in-­‐kind	
  contributions	
   $233	
  400	
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12.	
  Expenditures	
  and	
  Support	
  

e) Conference travel 
 

Conference	
   Location	
   Dates	
   	
  Attendee	
   Cost	
  

ICES	
  Annual	
  Science	
   Reykjavik,	
  Iceland	
   23-­‐27	
  Sept.	
  2013	
   D.	
  Lidgard	
   $2	
  500	
  
ICES	
  Annual	
  Science	
   Reykjavik,	
  Iceland	
   23-­‐27	
  Sept.	
  2013	
   L.	
  Baker	
   $2	
  500	
  

The ICES Annual Science Conference 2013 dedicated a theme session to a core mandate of the OTN, 
that being the study of spatial distribution. From this platform, S. Iverson provided the keynote 
presentation that focused on the activities of the OTN and how other research networks can become 
integrated within OTN global. This platform also allowed HQP D. Lidgard and L. Baker to present the 
latest results from their research demonstrating the use of the VMT on mobile marine predators and the 
efficiency of the VMT in detecting other Vemco transmitters. Thus, this conference was essentially a 
means to advertise the OTN and its activities to the global research market and networking by the 
attending HQP allowed potential new collaborations to develop. In addition, OTN's ley industry partner, 
Vemco, received a lot of feedback and interest in the VMT work.  
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Ocean	
  Tracking	
  Network	
  Canada	
   	
   	
   	
   	
   	
   NSERC	
  
Progress	
  Report	
  Year	
  4	
  Review:	
  1	
  October	
  2012	
  –	
  30	
  September	
  2013	
  
	
  

II.	
  Arctic	
  Arena	
  

1.	
  Project	
  Number:	
  II.1-­‐5	
  

2.	
  Project	
  Titles:	
  
II.1. Testing and Applying New Technology to the Arctic Marine Ecosystem 
II.2. Oceanography of the Arctic Arena 
II.3. Movement of Arctic char and Sculpin in relation to physical variables in the Canadian Arctic: 

Frobisher Bay/Lancaster Sound 
II.4. Monitoring Bay- and Basin-Scale Movements of Arctic cod in Relation to Abiotic Habitat 

across Diverse Time-Scales: Lancaster Sound (Resolute) 
II.5. Trophic Interactions and Movements of Arctic Fish and Marine Mammals in a changing 

Cumberland Sound Ecosystem 

3.	
  Project	
  Leaders:	
  
II.1. A. Fisk (Windsor) and S. Vagle (DFO-Victoria, U Victoria)  
II.2. S. Vagle (DFO-Victoria, U Victoria) 
II.3. A. Fisk (Windsor) and S. Vagle (DFO-Victoria, UVictoria) 
II.4. A. Fisk (Windsor), S. Vagle (DFO-Victoria, U Vic.), S. Ferguson (DFO-Winnipeg, U Man.) 
II.5. A. Fisk (Windsor), S. Vagle (DFO-Victoria, U Vic.), S. Ferguson (DFO-Winnipeg, U Man.) 
Collaborators:	
  
II.1 D. Webber (VEMCO) 
II.2 E. Carmack (DFO-Victoria, UBC), D. Turk (Dalhousie-OTN) 
II.3 R. Tallman (DFO-Winnipeg) 
II.5 K. Hedges (DFO-Winnipeg), M. Treble (DFO-Winnipeg), D. Webber (VEMCO) 

4.	
  Public	
  summary	
  of	
  report	
  

The forth year of the Arctic OTN program was a complete success, building on the initial pilot projects 
and work done from 2010 to 2012 generating tracking data for commercial, keystone and flagstone 
marine species using innovative techniques. Research in Scott Inlet, Baffin Island, deployed acoustic 
receivers for one year, providing new insights on the movements of the deep-water species Greenland 
halibut, and important by-catch species Greenland sharks. Greenland halibut are one of the most 
important commercial flatfish to the developing fisheries in the polar oceans and Inuit communities, and 
the data collected will help the Government of Nunavut establish effective management plans for Inuit 
artisanal fisheries in and around Baffin Island. Satellite tags deployed on Greenland sharks in Scott Inlet 
and Resolute Bay will provide one year detailed data sets on the vertical and horizontal movements of 
these animals, providing unique insights into a little know Arctic predator. Oceanographic instruments 
were recovered and redeployed for a second year in this region, and a comprehensive set of CTD casts 
were taken. These data will provide a detailed oceanographic survey for this arctic marine ecosystem, 
providing insights into the source of arctic ocean waters in this changing biome, help to understand 
animal movements and contribute to regional and large scale oceanographic models. Marine mammal 
monitoring devises (various CPOD and AURALS) were also deployed to track annual occurrence of 



Ocean Tracking Network Canada Annual Reports Year 4 (2013)	
   Iverson et al. 158749 
 

	
  
Projects II.1-5: Arctic Arena Projects  Page 104  Page 104	
  

numerous marine mammals, identify feeding behaviour and social interactions. Satellite tags were 
deployed on ringed seals in Resolute that built on the success of the previous year, providing insights 
into fine-scale movements and behaviour in relation to ice and oceanographic conditions. These data are 
being coupled with detailed movement studies of arctic cod and sculpin, both key arctic fish that link 
lower and upper trophic levels, in the high arctic region of Resolute Bay. Extensive trawls were 
undertaken at various depths throughout Scott Inlet and allowed sampling of the entire ecosystem to 
determine trophic interactions and food web structure to complement acoustic/satellite monitoring data 
of target fish. The Arctic component of the Ocean Tracking Network provides the first large scale 
multidisciplinary research program on the movement of marine species in relation to oceanographic 
conditions for the region and is providing unique data for regional management.  

5.	
  Training	
  of	
  Highly	
  Qualified	
  Personnel	
  

a) HQP	
  and	
  level	
  of	
  support	
  
	
  

Name	
   Title	
  
%	
  Time	
  in	
  
project	
  

%	
  Support	
  
from	
  SNG	
   Dates	
  

Jeannette	
  Bedard	
   PhD	
   100	
   100	
   1	
  Oct	
  2012	
  –	
  30	
  Sep	
  2013	
  
Thesis	
  topic:	
  Physical	
  Oceanography	
  and	
  Acoustics	
  in	
  Cumberland	
  Sound	
  and	
  Scott	
  Inlet	
  
Dave	
  Yurkowski	
   MSc	
   100	
   25	
   1	
  Oct	
  2012	
  –	
  30	
  Sep	
  2013	
  
Thesis	
  topic:	
  Acclimation	
  of	
  an	
  ice-­‐adapted	
  predator	
  in	
  a	
  changing	
  Arctic	
  ecosystem	
  
Steven	
  Kessel	
   PDF	
   100	
   100	
   1	
  Oct	
  2012	
  –	
  30	
  Sep	
  2013	
  
Research	
  topic:	
  Arctic	
  cod	
  and	
  scuplin	
  movement	
  in	
  relation	
  to	
  environmental	
  variables	
  
Nigel	
  Hussey	
   PDF	
   100	
   100	
   1	
  Oct	
  2012	
  –	
  30	
  Sep	
  2013	
  
Research	
  topic:	
  Deep	
  water	
  arctic	
  marine	
  fish	
  movements	
  
Marianne	
  Marcoux	
   PDF	
   10	
   0	
   1	
  Oct	
  2012	
  –	
  30	
  Sep	
  2013	
  
Research	
  topic:	
  Movement,	
  feeding	
  behaviour	
  and	
  feeding	
  ecology	
  arctic	
  whales	
  
Amy	
  Tanner	
   BSc	
   25	
   20	
   1	
  Oct	
  2012	
  –	
  31	
  Aug	
  2013	
  
Thesis	
  topic:	
  Stress	
  response	
  of	
  captured	
  ringed	
  seals	
  
Natalie	
  Reinhart	
   	
   PhD	
   100	
   100	
   1	
  Sep	
  2013	
  –	
  30	
  Sep	
  2013	
  
Thesis	
  topic:	
  killer	
  whale	
  movements	
  
Amanda	
  Barkley	
   	
   MSc	
   100	
   100	
   1	
  Jan	
  2013	
  –	
  30	
  Sep	
  2013	
  
Thesis	
  topic:	
  Movement	
  and	
  stress	
  of	
  Greenland	
  halibut	
  
Jean-­‐Sébastien	
  Moore	
   	
   PDF	
   100	
   0	
   1	
  Jan	
  2013	
  –	
  30	
  Sep	
  2013	
  
Research	
  topic:	
  Arctic	
  charr	
  movement	
  
Caitlin	
  O'Neal	
   MSc	
   100	
   100	
   	
  
Rob	
  Cook	
   BSc	
   100	
   100	
   	
  
Melissa	
  McKinney	
   PDF	
   20	
   0	
   	
  
	
  
b) Role,	
  activities,	
  and	
  opportunities	
  for	
  training	
  

PDFs and graduate students take a lead in the design and implantation of all research, which has 
included travelling to the arctic to carry out the research. These HQP are also leading the analysis and 
interpretation of data, presenting of data at conferences and meetings, and the writing of manuscripts. 
HQP have also presented data on the movement of Greenland halibut in Cumberland Sound to the 
Nunavut Wildlife Board meeting to assist the Nunavut Government with the movement of the 
Cumberland Sound management line. Technicians and undergraduates have mainly assisted with field 
logistics but also with technical aspects of the equipment. Advanced HQP (PDFs and PhD) have helped 
trained undergraduates and MSc students. For example, David Yurkowski has extensive experience 
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working within the Arctic and is fieldwork leader for ringed seal satellite tagging work. He trained 
undergraduate students (Amy Tanner and Rob Cook) with proper Arctic fieldwork techniques and 
methods used to capture and successfully attach satellite transmitters to ringed seals. PDF Hussey 
trained MSc student (Amanda Barkley) on mooring set up, deployment and retrieval and acoustic 
tagging procedures for Greenland halibut. Training was also provided to DFO staff present o the cruise 
and who assisted with aspects of Arctic OTN fieldwork. 

6.	
  Progress	
  towards	
  objectives/milestones	
  

a) Overall	
  objectives	
  

a. Test and apply new acoustic tracking technology to Arctic marine ecosystems that experiences low 
temperatures, salinity stratified waters and ice; 

b. Monitor, quantify and describe oceanography of nearshore and deep water arctic marine 
ecosystems for use in understanding animal movements and for development of arctic and larger 
scale climatic and oceanographic models; 

c. To study the movement and feeding ecology of arctic cod and sculpin, key and abundant fish in 
the Arctic, in relation to physical variables and predators (beluga, ringed seals and seabirds) in the 
high arctic ecosystems of Resolute Bay. 

d. To quantify the residency and movement of Greenland halibut in Scott Inlet, an important 
commercial fish for developing Inuit fisheries in the region and examine residency/movement in 
relation to environmental variables, and the presence of large predators, marine mammals and 
Greenland sharks; 

e. To quantify larger system-system movements of Greenland halibut tagged in Cumberland Sound 
and Scott Inlet 

f. To determine the feeding ecology and trophic interactions of Greenland halibut through extensive 
sampling of multiple tissues and animal size classes for chemical tracer work tied with acoustic 
telemetry data 

g. To study the trophic structure and species interactions in the deep water system of Scott Inlet 
through major sampling of trawl caught species (inverts to fish) and chemical tracer analysis 
which will be analyzed concurrent with acoustic telemetry data of Greenland halibut; 

h. Undertake cross disciplinary-cross network research by examining the first ever measures of stress 
in deep water Arctic species - Greenland halibut, Greenland shark and Arctic skate; 

i. Determine how Greenland sharks, apex predators and by-catch species, interact with their 
environment in the high arctic (Resolute Bay) and mid-arctic (Scott Inlet) by examining 
movements, depth and temperature preferences and feeding ecology using acoustic tags and 
acoustic monitor arrays, pop-off satellite tags and chemical tracers. 

j. Determine vertical and horizontal movements patterns of juvenile Greenland sharks in Scott Inlet 
using satellite and acoustic telemetry and chemical tracers; 

k. To study the movement and feeding ecology of Arctic charr, the northern most salmonid and 
important subsistence and commercial fish species. 

l. Quantify the feeding ecology, dive behaviour, distribution and movement of marine mammals 
(ringed seal, beluga, narwhal and bowhead whales) using passive acoustic listening devices (C-
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PODs and AURALs), boat based surveys, and chemical tracers in the mid (Scott Inlet) and high 
Arctic (Resolute Bay). 

m. Determine the feeding ecology of the pagophilic ringed seal across the Arctic (Holman, 
Chesterfield Inlet, Resolute, Pangnirtung, Saglek Bay and Greenland) in relation to age-class and 
environmental variables via extensive sampling of multiple tissues. 

n. To quantify the high-Arctic food web (e.g. Resolute) via stable isotope analysis through extensive 
tissue sampling of multiple species (zooplankton, fish and marine mammals) and carbon sources 
(macroalgae and phytoplankton).  

o. To study the fine-scale movements and behaviour (e.g. dive and haul-out) of ringed across the 
circumpolar Arctic ranging from Resolute (high-Arctic), Sanikiluaq (low-Arctic) and Greenland 
(high-Arctic) in relation to environmental variables (sea-ice extent and chlorophyll-a 
concentrations).  

p. To identify critical habitats of ringed seals to better understand the potential implications of 
climate change on Arctic marine mammals.  

b) Progress	
  

II.1. Testing and Applying New Technology to the Arctic Marine Ecosystem 

Data was downloaded from the two dedicated detection range tests (V69 and V180) that were deployed 
in Resolute Bay, one in shallow and one in deep water. The detection range tests were redeployed and 
the downloaded data is currently being processed. Additionally we are working, with Dale Webber from 
Vemco, on a novel analysis of sync tag data from the two VPS systems to assess ranges in multiple 
directions. Preliminary data shows above average/predicted ranges for both 180 and 69 kHz transmitters 
in the Arctic marine environment. It appears (though more data processing is required) that V6 tags are 
consistently detected from 300 m and V9 tags from up to 1,000 m. However our ‘system’ approach to 
addressing detection range has shown range to not be consistent in all planes of field. We feel that this 
approach of deploying dedicated range test arrays is revolutionary and in future will be incorporated into 
studies across the field of telemetry. As part of this assessment we, in collaboration with other OTN 
member have completely and had published a comprehensive review on detection range testing in 
aquatic passive telemetry studies. Additionally specific range test results from the Arctic field work is 
being combined with results from extensive range tests undertaken in Cumberland Sound in 2011 
(including a 1000m depth study) and sister studies in both subtropical marine and temperate fresh water, 
to reveal new information about the characteristics of acoustic range deployments in ‘quiet’ ecosystems. 
Here a donut shading effect of high sound-power tags may influence future selection of transmitter 
power for studies in low ambient noise environments. This manuscript is close to completion.  

II.2. Oceanography of the Arctic Arena 

In 2013, a third year of CTD casts were conducted in Cumberland Sound to look at inter-annual 
variability in the region. Focus was then switched to Scott Inlet, an fjord typical of the fjords on the east 
coast of Baffin Island. Two oceanographic moorings deployed in 2012 were recovered then deployed for 
a second year. A comprehensive CTD survey was conducted throughout the inlet to quantify the water 
properties there.  

Oceanographic research was also continued in Resolute Bay in July 2013 by MSc student Caitlin 
O’Neill and BSc student Rob Cook. The two benthic pods were recovered and downloaded following 
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year long deployments. The data is currently being processed. More than 200 CTD casts were conducted 
throughout Resolute Bay during the field season (20th July – 30th August). Additionally three complete 
benthic pods were deployed for a one-year period in Resolute Bay, one inside the bay, one outside of the 
mouth and one in the channel. All moorings will be retrieved in August 2014 and the data will be used 
to help interpret fish and marine mammal movement data from the acoustic array.  

II.3. Movement of Arctic char and sculpin in relation to physical variables in the Canadian Arctic: 
Frobisher Bay/Lancaster Sound 

Following the retirement of PI Terry Dick (UManitoba) at the end of 2011, PI Fisk has taken over this 
project and established a collaboration with DFO research scientist Ross Tallman. Dr. Tallman initiated 
seasonal movement studies of arctic charr in land-locked and sea-run populations in lakes near the 
community of Pangnirtung in Cumberland Sound. A PDF (Jean-Sébastien Moore) started on the arctic 
charr project in January 2013, with funding from DFO and a Quebec-funded PDF awarded to Dr. Moore. 
Fieldwork started successfully near the community of Cambridge Bay between July and September 
2013. An array of 42 acoustic receivers (VR2Ws) was deployed across the region. In kind support (ship 
time on the research vessel Martin Bergmann) was received from the Arctic Research Foundation for the 
deployment. In addition, 60 Arctic char were tagged with V-16 tags at two tagging locations. A reward 
program was set up in the community to retrieve tags from fish that are caught in the commercial and 
subsistence fishery. This program appears to have been successful since four tags have already been 
returned. Two of those tags were returned before the end of the field season and were thus re-implanted 
in other individuals.  

II.4. Monitoring Bay- and Basin-Scale Movements of Arctic Cod in Relation to Abiotic Habitat across 
Diverse Time-Scales: Lancaster Sound (Resolute Bay) 

1) The full acoustic monitor array (30 - V69 and 60 - V180), which includes two VPS systems, was 
downloaded and redeployed in Resolute Bay along with oceanographic equipment, CPODs and an 
AURAL.  

2) The sculpin tags were all deployed (15), however, no Arctic cod could be located for tagging. Last 
year’s deployment yielded over 1 million Arctic cod detections and over 491,000 sculpin 
detections. 

3) Acoustic profiling of the fish fauna in Resolute Bay was conducted by Richard Crawford in July 
and August. Initial data has been submitted to OTN PIs Fisk and Vagle. Crawford will work with 
MSc student Catlin O’Niell and PDF Steve Kessel to interpret data and use for the assessment of 
range tests, oceanographic data and fish and marine mammals movements and interactions. 

4) Biological samples (fin, muscle, liver and stomach) were collected from several fish species as 
planned and returned to UWindsor for stable isotope, Hg and stomach content analysis. 

5) Two CPODs were successfully deployed, one inside and one outside Resolute Bay. Additionally 
one AURAL unit was deployed in the mouth of the bay. Records of beluga presence and kills 
within and around the bay will be used to truth the data by collecting data from the Hunters and 
Trappers Organization and local fisherman/hunters from the community of Resolute Bay. 

6) Two shallow water longlines were set in August on which six Greenland sharks were tagged (both 
with acoustic and satellite tags). These animal, in addition to the 6 tagged off Maxwell Bay in 
2011, will provide insight into their behaviour should they enter the bay or pass by the deep water 
monitors in Lancaster Sound. 
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7) Four ringed seals were equipped with satellite telemetry transmitters near Resolute in late August 
to early-September, 2013. An adult female is now residing near the southeast corner of Devon 
Island. An adult male tagged in early September is now residing near Bylot Island close to Pond 
Inlet on Baffin Island. This adult male has been diving to great depths (300-400m) frequently, 
which is uncommon for ringed seals. A young-of-the-year male was tagged in late August and has 
traveled approximately 1200km eastward to Baffin Bay. A one-year old female was tagged in late 
August and has traveled 1800km eastward and now is now in southwest-Greenland (Figure 7). All 
tags provide detailed information on dive and haul-out behaviour and analyses remain ongoing. 
Location and behaviour data from over 80 tagged seals from Sanikiluaq and 13 tagged seals from 
Melville Bay, Greenland (collaboration with Drs. Rosing-Asvid and Rune Dietz- Aarhus 
University) to examine spatial differences in ringed seal behaviour. Preliminary results indicate 
profound differences in foraging habits between geographic locations with Greenland ringed seals 
spending considerably more time in a resident/foraging behavioural mode and dove to much 
greater depths (mean maximum dive depth = 89±1m) than ringed seals from Sanikiluaq and 
Resolute (29 and 27±1m, respectively).  

8) The movements of each individual has been analysed by state-space models and kernel density 
utilization distribution analysis will determine the critical resident/foraging locations for ringed 
seals in the high- and low-Arctic.  

II.5. Trophic Interactions and Movements of Arctic Fish and Marine Mammals in a changing 
Cumberland Sound and Scott Inlet Ecosystems 

1) A preliminary acoustic monitor array (24 – VR2W-69), oceanographic equipment (2 stations) and 
marine mammal listening devices (4 CPODs and 1 AURALs) were deployed in September 2012 
in Scott Inlet and retrieved in September/October 2013. A total of 15,000 detections were recorded 
from 25 individual fish (two species: Greenland halibut and Greenland shark) on this preliminary 
array. Although these data have not yet been fully analyzed, timed movements of Greenland 
sharks and seasonal movement trends in Greenland halibut were observed. In addition one 
Greenland halibut tagged in Cumberland Sound in 2011 was detected for a one-month period in 
Scott Inlet in 2013 showing system-to-system movements.  

2) A full-scale acoustic array (70 – VR2W-69), oceanographic equipment (2 stations) and marine 
mammal listening devices (4 CPODs and 1 AURALs) were successfully deployed in a gate format 
through the Scott Inlet/Sam Ford trough system. 

3) A total of 71 Greenland halibut and 22 Greenland sharks were internally tagged with various V16 
acoustic tags. Of 34 Greenland sharks caught, the majority were smaller individuals (smallest – 
146cm), highlighting the uniqueness of this region in the life cycle of Greenland sharks. 

4) Four juvenile and one large Greenland sharks were tagged with pop up archival satellite tags for 
one-year deployment periods in Scott Inlet/Sam Ford Trough. These tags were attached to the 
dorsal fin of sharks using a new attachment disc method developed by PDFs Hussey, Kessel and 
PI Fisk. This represents the first ever satellite tagging of juvenile Greenland sharks. 

5) Over 25 trawls between depths of 200-800m were undertaken throughout Scott Inlet and a suite of 
species sampled for examining food web structure and trophic interactions tied with acoustic 
telemetry data; 

6) The first ever stress measures for deep water Arctic species was undertaken (lactate/glucose and 
using colouration patterns). A total of 25 Greenland sharks, 25 Greenland halibut and 3 Arctic 
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skate were tested and data are currently being prepared for publication in conjunction with PI 
Cooke. 

7) A total of 42 CTD casts were made in Cumberland Sound in July and August 2012 along with two 
cross-mouth transects to capture flow as it enters and exits the sound. For nutrient and oxygen, 18 
samples were collected from 4 depths at 4 stations for analysis. These will help determine the 
origins of the water within the sound. 

8) During August 2012, DFO researchers conducted boat-based transects of Cumberland Sound and 
Clearwater, Shark, Pangnirtung, Kingnait, and Iqalugaju fiords. No transects of Cumberland 
Sound were completed due to the presence of ice that had entered Cumberland Sound from Davis 
Strait and blocked access to the southwestern shore for much of the fieldwork period. High winds 
and rough seas prevented crossings during the final days of the field study. However, transects 
were carried out twice in all study fiords, with the exception of Iqalugaju, which was done once. 
This year’s effort marks the fourth year of standardized transects in these fiords, enabling 
comparisons among years to study patterns in the numbers and distribution of marine mammals 
and seabirds. This information is required to assess population size and growth trends over time. 

9) Additional objectives this year included deploying satellite transmitters, collecting biopsies and 
photographing beluga, bowhead, and killer whales for use in diet, movement, and genetics studies 
of all three species in the eastern Canadian Arctic. Biopsies were collected from five bowhead 
whales outside of Kingnait Fiord. No beluga or killer whales were observed during the field trip, 
but biopsy and tagging equipment were left with Ricky and Mark Kilabuk in case killer whales 
arrive in Cumberland Sound during the end of August or September. 

10) Over 1,100 ringed seal muscle and liver samples have been collected from several communities 
spanning the Canadian Arctic and Greenland as part of an international collaboration with Dr. 
Aqqalu Rosing-Asvid (Greenland Institute of Natural Resources). These have been processed for 
stable isotope analysis to examine spatial and temporal variability in ringed seal diet. As well, in 
collaboration with Dr. Tom Brown (University of Plymouth) we developed a new approach to 
examine food web structure in polar environments, as we are now able to clearly differentiate 
between sea ice and sea water carbon sources, which addresses a key limitation of existing 
chemical techniques. 

11) We have been acquiring tissue samples from Inuit subsistence harvests of ringed seals, beluga and 
narwhal in collaboration with Dr. Derek Muir (Environment Canada). In 2012, we sampled 100 
Arctic cod and 25 sculpin and in 2013, numerous zooplankton tows were performed that included 
a suite of zooplankton species for contaminant and food web analysis. 

c) Significant	
  deviations	
  

A number of changes to the original objectives or plans occurred in the two main studies areas of the 
Arctic arena. Most of these changes occurred because of concern from local Inuit communities on the 
impact of acoustic tags and receivers and boat traffic on marine mammal populations, mainly ringed 
seals and beluga, and are detailed below. As well, weather conditions, including ice, always play a major 
role in research activities in the Arctic and often result in day-to-day plan changes. 

Plans for arctic charr research have been delayed due to the retirement from OTN of PI Terry Dick 
(UManitoba). PI Dick was the lead on three of the Arctic OTN projects (II: 1, 3 and 4). Project 1, testing 
and applying new technology continues, has progressed very well and was not influenced by PI Dick’s 
retirement. Project 3, movement of arctic cod and sculpin, was entirely successful in 2013 under the 
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guidance of PIs Fisk and Vagle and HQP (Kessel, PDF; Caitlin, PhD; Yurkowski, PhD) and Project 4.5, 
trophic interactions and movement of Arctic fish and marine mammals in a changing Cumberland Sound 
and Scott Inlet ecosystems was highly successful (PIs Fisk and Vagle and HQP Hussey; PDF; Barkley, 
MSc). Project 4, which focuses on Arctic charr, has not begun. However, PI Fisk has recruited DFO 
scientist Ross Tallman (DFO-Winnipeg) to collaborate on Arctic charr projects at various locations 
across the Canadian Arctic (Cambridge Bay, Arctic Bay and Cumberland Sound). Significant supporting 
funds will be brought to this project from DFO and Government of Nunavut in 2013/2014 thru this 
collaboration with Dr. Tallman, and a PDF (J.-S. Moore) has been recruited to work on this project. 
Initial Arctic charr acoustic telemetry projects were carried out in 2011-2012 in lakes around the 
Cumberland Sound. In 2013, an acoustic telemetry project was initiated in the Cambridge Bay region, 
with an array of 42 acoustic receivers deployed in the marine environment and 60 char equipped with 
acoustic transmitters. Arctic charr will be a focus of years 5-7 of OTN and will be closely linked to 
Arctic charr work proposed for the Atlantic arena (PIs: Fleming, MemorialU, and Power, UWaterloo). 

The main deviation from the original plan for Project II.4 (Arctic cod and sculpin in the high Arctic) was 
that no Arctic cod were tagged or sampled in the 2013 field season. This was as none could be located or 
captured. This is a strange phenomenon as Arctic cod are usually abundant in Resolute Bay. We 
hypothesis that the uncommon climatic conditions, that affected many research projects in the region, 
resulted in an exodus of Arctic cod from the region. The oceanographic data will help us to test this 
hypothesis. 

The main deviation for Project II.5, which focused on fish and marine mammal ecology in Cumberland 
Sound, was the rejection of continued use of moorings in Cumberland Sound by the Hunters and 
Trappers Organization and the general community of Pangnirtung. All acoustic telemetry receivers, 
marine mammal listening devices and oceanography equipment was retrieved in August 2012 and have 
now been re-deployed in Scott Inlet on the east coast of Baffin Island with the complete approval from 
the Clyde River community. All attempts by PI Fisk, collaborator Kevin Hedges and DFO and 
Government of Nunavut staff, including additional trips to Pangnirtung, to get approval failed. It should 
be noted that other projects unrelated to OTN were also denied approval from this community. With 
new data from Resolute Bay, which clearly shows seals and whales feeding amongst an extensive array 
of receivers and acoustic tags, we hope to re-deploy receivers in Cumberland Sound in 2014 with the 
community approval. Furthermore PDF Hussey presented the 2011-2012 Cumberland Sound data at the 
Nunavut Wildlife Board Meeting at the request of the Government of Nunavut to assist in the replanning 
of regional fishing management boundaries. Since this meeting, the Government of Nunavut have been 
in contact regarding the redeployment of acoustic telemetry equipment in Cumberland Sound to 
continue long term monitoring to gain full approval for boundary movement. Data on Greenland halibut 
seasonal movements relative to the current management boundary have been processed and a 
publication is in preparation.  

Finally, the original objective was to deploy satellite transmitters on ringed seals in Cumberland Sound. 
However, due to problems encountered with the Cumberland Sound community (see above), this 
research was moved to Resolute Bay. This made sense, as acoustic telemetry research is being 
conducted on Arctic cod (main prey item for ringed seals) in Resolute, and provides an excellent 
opportunity to study fish and marine mammal interactions. Indeed, seven seals have been tagged since 
2012 where one individual remained in the acoustic array for approximately two weeks where we can 
now examine fine-scale predator-prey relationships between ringed seals and Arctic cod.  
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d) Coordination	
  and	
  integration	
  

All co-investigators (A. Fisk, S. Ferguson, S. Vagle), collaborators (Dale Webber, Vemco, Richard 
Crawford, Kevin Hedges and Ross Tallman, DFO-Winnipeg) and HQP provided intellectual 
contributions to develop and establish the research plan for 2012. There were regular phone and email 
communication to discuss logistics, progress and problems with other co-investigators. There has been 
continuous communications with S. Vagle and S. Dufault on deployment and data acquisition by the 
CTDs and other oceanographic Benthic Pods. Extensive discussion with D. Webber and VEMCO staff 
over the design of acoustic monitor arrays, tag types and long-term range tests including meeting 
between A Fisk and D. Webber in Halifax and Windsor. PhD student Dave Yurkowski has had 
numerous discussions with Drs. Steve Ferguson (DFO – Winnipeg) Becky Sjare (DFO – St. John’s) and 
Tanya Brown (PhD candidate – University of Victoria) about improving the technique to live-capture 
ringed seals. PDFs Hussey and Kessel and PI Fisk spoke extensively with Wildlife Computers over the 
design off new attachment methods for satellite tags to Greenland sharks including juvenile animals.  

e) Scientific	
  and/or	
  engineering	
  significance	
  

The range test deployed in Cumberland Sound and Resolute represent the most comprehensive tests in 
terms of number of ranges, depths (20 m – 1,100 m), length (1 full year), environmental conditions 
(open water vs. ice cover) and location (63 – 74 N) ever under taken (D. Webber, Vemco). These data 
informed the design and deployment of the acoustic array in Scott Inlet (2013) and will improve acoustic 
telemetry research in cold and deep waters. 

Continued re-deployment of VR2W receivers and use of acoustic tags in the harsh environments of the 
Arctic expand the range and applications of Vemco technology in this region. Receivers and retrieved 
tags have been checked and verified as functioning properly by Vemco.  

Oceanographic data collected in Resolute Bay, Cumberland Sound and Scott Inlet is among the most 
intensive ever collected in the Canada Arctic. For example, the last know CTD casts in Cumberland 
Sound were carried out in 1953. These data will be instrumental in the development of oceanographic 
and climatic models as well as in the analysis and interpretation of the marine mammal and fish acoustic 
data.  

Preliminary analysis of the telemetry data in Resolute Bay has revealed some clear patterns of 
movement. Following an 86 day period of extended residence in the bay area, all but three individuals 
exhibited a collective departure. During this absence 51 Arctic cod were detected on the outside gate 
monitors, ~2 km outside of the mouth of the bay. Following the 14 day absence, 49 Arctic cod 
collectively returned to the bay array and the rest were not detected inside the bay again. After a 65 day 
long second residence inside the bay, again all but the same three individuals displayed a collective 
departure and eight cod were then detected on the outside gate monitors. Monitor site Residence Index 
(RI) analysis revealed a strong site fidelity toward the west and north areas of the bay. Capture location 
within the bay did not influence site fidelity during the residence periods, however, did appear to 
influence detection timing and distribution on the outside gate monitors. This data indicates that Arctic 
cod do exhibit an extended residence within Resolute Bay, both during open water and ice cover periods. 
Simultaneous monitoring of environmental parameters and marine mammal presence/ absence was 
conducted, and it is anticipated that further analysis of this data will help to explain the timing and 
distribution of Arctic cod within this system. Preliminary range test data extrapolated from the sync tags 
shows good performance of both 180 and 69 KHz tags in the Arctic marine system, with above average 
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range records. Records of Beluga and Narwhal presence in and around the bay have been obtained 
which will later be used to truth the CPOD data. All results obtained so far are preliminary and we will 
not have a full dataset until we conduct the monitor retrievals and downloads next summer. 

The presence of large numbers of beluga and ringed seals within the extensive acoustic monitor array 
and acoustically tagged fish is evidence that these instruments do not scare marine mammals. 

Examination of Cumberland Sound monitor data clearly shows a seasonal movement pattern of 
Greenland halibut from shallower waters in the winter to deeper holes in the summer. This acoustic 
telemetry work is the first to verify that halibut caught in the northern, winter fishing grounds are from 
the same population to the south in the summer fishing grounds. Furthermore, tagged Greenland halibut 
were detected on a monitor at the entrance to Cumberland Sound, in the Scott inlet array deployed 2012-
2013 and a tagged individual was caught in the offshore survey demonstrating this is not a closed 
population or a population sink as previously suggested. This represents the first deep water (> 1000 m) 
acoustic study ever conducted and the results have serious and immediate implications for the 
development of Inuit artisanal fisheries in Cumberland Sound. As detailed above, these data have led to 
the proposed move of the Cumberland Sound management line. Discussions are currently underway 
with the Government of Nunavut and local community to redeploy monitors in this region to gain multi 
year data to facilitate boundary movement. A first paper describing the vertical and horizontal 
movements of Greenland halibut tagged with pop up archival satellite tags has been published in Marine 
Ecology Progress Series. A second paper on the vertical and horizontal movements of Arctic skate is 
currently in press in Endangered Species Research. The latter paper demonstrates that the behaviour and 
movements of arctic skate are different than for Greenland halibut, but a high degree of overlap in 
habitat use occurs with implications for fisheries management. 

All but one of the preliminary monitors deployed in Scott Inlet in contained detections even though only 
a small number of fish were tagged in the system in 2012 (n=39 Greenland halibut; n=12 Greenland 
sharks). Initial analyses of these data demonstrate that all Greenland sharks exited Scot Inlet at the same 
time and then were detected on a gate across the deep water channel further south. Very large data sets 
were downloaded from CPODs and an AURAL located on these lines and these are currently being 
analysed. It appears that the movement of Greenland sharks from Scott Inlet may be tied with the exit of 
narwhals and this will be further investigated. Greenland halibut tagged in the system were detected on 
all monitors showing they move into the entrance of Scott Inlet fjord and occupy the deep water 
channels within the system. The full acoustic array deployed in 2013 will address in detail the 
movement of Greenland halibut in this system. In 2013, a total of 22 Greenland sharks were caught, the 
majority of these <2m total length. Small and juvenile Greenland sharks are very rare, thus these catches 
indicate Scott Inlet may represent an important region for this size class of shark. Four satellite tags were 
attached to smaller sharks including a 146cm individual using the newly designed attachment method. 

Extensive trawling within Scott Inlet facilitated a large-scale collection and sampling of a suite of 
species from primary consumers to predators. These data will provide unique insights in to the diversity 
of the deep water food web, it’s trophic structuring and species interactions through chemical tracer 
analysis. Ultimately these data will be examined in relation to acoustic telemetry data. These trawls also 
pave the way to future multi species tagging of deep water species that perform different functional roles 
within the deep water Arctic system. 

In conjunction with Pacific PI Cooke, stress measurements were recorded for Greenland sharks, 
Greenland halibut and Arctic skate. These represent the first data of its kind on deep-water Arctic 
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species. These data demonstrate that glucose and lactate levels are relatively low in these cold water 
species. For both Greenland shark and Greenland halibut there was a trend of increasing glucose/lactate 
levels with capture time as would be expected. It appears that larger Greenland sharks are more 
susceptible to stress than smaller sharks, but detailed work will be undertaken in 2014 to further this.  

Water properties in Cumberland Sound have varied significantly from 2010-2013, the most dramatic 
changes are in the temperature. Only infrequent mixing events, lasting a few days, have been observed 
in the fall prior to ice cover. Through nutrient analysis and ratios, water in Cumberland Sound has been 
identified as containing 40% Pacific origin water in the top 400m. Deeper waters are not hypoxic and 
have been identified as originating from the Atlantic Ocean. The warmest waters at the deepest depths 
have not been observed renewing on an annual basis. Both water layers originate from the Baffin Island 
Current which flows past the mouth of the sound.  

7.	
  Difficulties	
  encountered	
  

	
   Equipment	
  and	
  technology	
  issues	
  (e.g.	
  delivery	
  and	
  malfunctioning	
  of	
  equipment)	
  
	
   Personnel	
  problems	
  
	
   Other	
  (specify):	
  weather	
  

Equipment and technology issues. As has been the case throughout OTN, shipment of heavy equipment 
(weights for moorings) presents a logistic problem. Costs are very high and delivery times are 
inconvenient for research; most deliveries come late in the summer or early fall as ice conditions 
become favourable. We had some issues with the biosonics acoustic profiler which restricted the number 
of surveys that could be conducted. A 300 kHz ADCP that was deployed in Resolute Bay during the 
summer of 2012, flooded shortly after deployment, destroying the instrument. Obviously no data were 
recovered. The cause of the flooding has not yet been determined. 

Personnel problems. Arctic OTN is dependent on local fishermen and hunters for carrying out the 
research; these people provide expertise on the local environment (including polar bear safety) and 
equipment (mainly boats). Although most of fishermen and hunters we hired were punctual and 
hardworking, we did have some trouble with some individuals on many days, in which they either 
showed up late or did not snow up at all. This is a common problem in Nunavut communities and we 
have therefore tried to developed a network of locals that have proven dependable and hard working. 
Following the recent problems in Cumberland Sound, PDF Hussey held initial meetings with the HTO 
prior to fieldwork in Scott Inlet. Throughout fieldwork, HTO appointed members joined all fieldwork 
activities. At the request of the HTO, the team then held a community meeting to explain to the 
community the equipment being used and what was achieved during the 2013 fieldwork season. The 
presentation was well received and relations with the community are very good at present. 

Other. As expected, weather in the Arctic created a few issues resulting in numerous days where boat 
based work could not be conducted. Ice and wind conditions in Resolute were particularly trying this 
year and as a result we were unable to travel to Maxwell Bay to retrieve the receiver line. We do not 
anticipate that we will have any such problems next year. The final issue, as highlighted above, was 
approval from the Pangnirtung community for work in Cumberland Sound. Despite efforts by PI Fisk, 
collaborator Kevin Hedges (DFO) and DFO and Government of Nunavut representatives, the 
community would not allow OTN to redeploy acoustic receivers, marine mammal listening devices and 
oceanography equipment. Elders felt we had scared away seals and mammals, although younger 
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fisherman stood in support of our work. We are not the only project that faced issues and problems with 
this community.  

8.	
  Networking	
  and	
  outreach	
  

a) Intra-­‐network	
  collaboration	
  and	
  partner	
  meetings	
  

Numerous phone conferences were held between the Arctic OTN partners in the planning of the 
fieldwork season. Face to face meetings were also held within the Arctic OTN group and wider OTN 
community at the OTN Symposium in Halifax. A number of phone conversation or meetings with OTN 
collaborators were carried out. These have led to new projects ideas and plans within the OTN umbrella 
but also with other funding agencies. Specifically: 

i) On February 3 2012, PI Fisk had detailed discussion with Pacific OTN PI Steve Cooke about 
future collaborations and research related to OTN and salmonids, in particularly captured fisheries 
work on arctic charr in arctic communities. Discussion of surgery techniques and tag insertion in 
salmonids was also discussed. 

ii) On June 21 2012, PI Fisk and PDF Hussey met with Pacific OTN PI Scott Hinch in Windsor to 
discuss OTN projects and plans and general results and progress to date. 

iii) Dale Webber from VEMCO traveled to Windsor for a workshop on acoustic telemetry on June 17 
at University of Windsor. During this time PI Fisk and PDFs Hussey and Kessel met with Dr. 
Webber on several occasions to discuss OTN research, range test designs and collaborative papers. 

iv) In July and August, PI Fisk had extensive discussion with Atlantic OTN PI Ian Fleming and future 
OTN PIs Michael Power (University of Waterloo) and Ross Tallman (DFO-Winnipeg and 
University of Manitoba) about project proposals on Arctic charr in the Arctic and Atlantic regions. 

v) In August 2012, PI Fisk had discussions with Atlantic OTN PI Matt Litvak about possible 
collaborative projects on sturgeon in the Arctic and Atlantic regions. Also discussion issues related 
to the tagging of large freshwater and anadromous fish. 

vi) June 2013, PI Fisk and PDF hussy held discussions with Pacific PI Holland over new generation 
satellite tags to monitor movements, feeding and post release survival of Greenland sharks; 

vii) June 2013, PI Fisk and PDF Hussey held discussions with OTN Board over a global review paper 
on satellite and acoustic telemetry studies; 

viii) July 2013, Pi Fisk and PDF Hussey communicated with OTN Board providing review paper 
outline and questionnaire to be completed by all co-authors. 

ix) July 2013 PDF Hussey established protocols with OTN Dalhousie staff including executive 
Director Fred Whoriskey to collate global satellite/acoustic telemetry studies for review paper; 

x) In September 2013, PDF Hussey held discussions with Pacific PI Cooke over measures of stress in 
deep-water Arctic species. PI Cooke loaned equipment to the Arctic team to undertake stress 
measurements on three deep-water Arctic species. 

xi) In October 2012, PIs Fisk and Vagel published a review paper on detection range testing with 
Pacific OTN PI Steve Cooke including PDF Nigel Hussey and led by PDF Steve Kessel.  

xii) In October 2013, PDF Steve Kessel had discussions with PhD Montana McLean, from the Atlantic 
Arena, about collaborating over post processing of sculpin VPS data. 
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xiii) In October 2013, PI Hussey and PDF Hussey held discussions with Arctic DFO collaborators on 
the development of Government of Nunavut 5 year research plans and confirmed projects to be 
submitted for funding. 

xiv) October 2013, PI Fisk and PDF Hussey followed up on OTN Board questionnaire for review 
paper. 

xv) In November 2013, PDF Hussey held discussions with WWF Canada over Greenland shark 
tagging work and further funding sources 

xvi) In September 2012, PDFs Kessel and Hussey held discussions over a review manuscript on the 
protective status of Greenland sharks given developing fisheries in the Arctic with OTN 
participants at Dalhousie and the Worm lab.  

b) Interaction/outreach	
  to	
  broader	
  community	
  

The Arctic OTN team has had a number of interactions with boarder scientific community related to 
OTN research, which has lead to collaborative projects, sharing of data and development of fisheries 
management plans. These include: 

i) Numerous interactions and positive communication with the Inuit community in Resolute Bay, 
including face-to-face meetings with the stake-holders of the Hunters and Trappers Organization 
in August (PDFs Hussey and Kessel and PhD Yurkowski). The whole community of Resolute was 
invited to the shore to see a Greenland shark caught on the longlines, with over 100 locals showing 
up to for a question and answer session. To date six members of the Resolute community have 
been hired to assist with the field work, and an additional boat was rented from community 
members. In addition, field work reports and scientific results are provided to the Resolute HTO at 
least once a year. Four presentations about our research were given to military personnel present 
for training in Resolute, including one group of VIPs containing very high ranking military 
officials. 

ii) Continued interactions with the Inuit community of Cumberland Sound were held, although 
research in 2012 was not approved. This included a presentation of data and research plans and 
open discussion with the community by PI Fisk and collaborator Kevin Hedges (DFO) on June 11 
2012. PDF Hussey interacted with fishermen in Cumberland Sound during September 2012 with 
regard to plans for future deployments and obtaining approval from the HTO. In June PDF Hussey 
presented data on Greenland halibut movements in Cumberland Sound to the Nunavut Wildlife 
Board meeting in Rankin Inlet. This led to a vote to move the current management boundary line 
but DFO have requested further data. In May and June 2013, PDF Hussey met with HTO 
Chairman from Cumberland Sound with regard to redeploying monitors to gain DFO required 
data. 

iii) Following issues in Cumberland Sound, PDF Hussey held meetings with the Clyde River HTO 
prior to fieldwork and at their request held a community meeting at the end of the field season. 
Positive feedback has been received from the community. In addition, two Clyde River appointed 
members accompanied all OTN fieldwork operations and reported back to the community. 

iv) On January 24, PI Fisk PDF Hussey and MSc Peklova met with Aaron MacNeil, Australian 
Marine Institute about statistical analysis of SAT and acoustic tag data. This collaboration will 
continue. 
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v) On March 29, PI Vagle met with the director of NEPTUNE Canada (Kate Moran) to discuss 
possible collaborations between NEPTUNE Canada and OTN with regards to cabled deployments 
of acoustic receiver arrays and fish tagging in Cambridge Bay. 

vi) In March 2013, a community consultation meeting was held in the community of Cambridge Bay 
to explain the Arctic char work planned for the summer 2013. The project was well received and a 
few community members even made suggestions on the design of the acoustic array that were 
implemented. 

vii) In March 2013, PhD David Yurkowski began collaborating on tissue samples collections as well 
as satellite telemetry data with Drs. Aqqalu Rosing-Asvid (Greenland Institute of Natural 
Resources) and Rune Dietz (Aarhus University). 

viii) In March 2013, PhD David Yurkowski began collaborating with Lori Quakenbush (Alaska Fish 
and Game) and Lois Harwood regarding ringed seal tissue samples from Alaska and Holman, 
Northwest territories, respectively.  

ix) In April 2012, PI Fisk spoke with Margaret Treble (DFO) regarding tagging techniques for 
Greenland halibut caught and released through the ice. 

x) On June 8, 2012, MSc Iva Peklova shared ideas and data on arctic skates and tagging method with 
a Norwegian graduate student. 

xi) On June 10 and 11th, PI Fisk with Angela Young, Government of Nunavut) about arctic charr 
tagging projects and methods in lakes in the Cumberland Sound area and linking to OTN activity 
planned on behaviour of arctic charr in the marine environment. 

xii) On August 14 2012, PI Fisk, PDF Hussey and collaborator Kevin Hedges had a conference call 
with Julie Whalen (Fisheries Research Program Manager, Torngat Wildlife, Plants and Fisheries 
Secretariat, Torngat Joint Fisheries Board) about collaboration for research on the movement and 
behaviour of Greenland halibut in northern Labrador and Quebec. 

xiii) In September 2012, PDF Hussey worked with Angela Young (Government of Nunavut) to 
download and pre-process all Arctic charr acoustic telemetry data from lakes surrounding 
Cumberland Sound 

xiv) In September 2012, PDF Hussey met with Kevin Hedges (DFO) to discuss potential workshop 
with Pangnirtung fishermen to show data retrieved so far and to place more project responsibility 
in their hands with a view to obtaining permission to continue work in this area in 2013. 

xv) In October 2012, PDF Hussey met with Zoya (???) in Iqaluit to discuss future approval for 
acoustic receiver deployments from the Pangirtung HTO. 

xvi) In 2013, PhD Jeannette Bedard began collaborating with the University of Washington group 
sampling in Davis Strait to identify the origins of water within Cumberland Sound.  

xvii) A summary of the Arctic OTN effort was included in a presentation during the Pacific Arctic 
Group (PAG) meeting in South Korea in October 2013. 

9.	
  Dissemination	
  of	
  information	
  and	
  results	
  

a) Refereed	
  journal	
  articles	
  (4	
  total)	
  –	
  accepted/published	
  

Hussey, NE, MacNeil, MA, McMeans, B, Olin, JA, Dudley, SFJ, Cliff, G., Wintner SP, Fennessy, S, 
Fisk AT (2013) Rescaling the trophic structure of marine food webs. Ecology Letters. In press. 
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Peklova, I, Hussey, NE, Hedges, K, Treble, M, Fisk AT (2013) Movement, depth and temperature 
preferences of an important bycatch species, Arctic skate (Amblyraja hyperborea) in 
Cumberland Sound, Canadian Arctic. Endangered Species Research. In press. 

Kessel ST, Cooke SJ, Heupel MR, Hussey NE, Simpfendorfer CA, Vagle S, Fisk AT (2013) A review 
of detection range testing in aquatic passive acoustic telemetry studies. Reviews in Fish Biology 
and Fisheries 24:1-20 

Brown, T. A., S. T., Belt, S. H. Ferguson, D. J. Yurkowski, N. J. Davison, J. Barnett & P. D. Jepson. 
2013. Identification of the sea ice diatom biomarker IP25 and related lipids in marine mammals: 
A potential method for investigating regional variations in dietary sources within higher trophic 
level marine systems. Journal of Experimental Marine Biology and Ecology. 441:99-104.  

b) Refereed	
  journal	
  articles	
  (4	
  total)	
  –	
  submitted	
  

Brown, T. A, D. J. Yurkowski, S. H. Ferguson, C. Alexander, and S. T. Belt. H-Print: A new approach 
to distinguishing between primary production sources in the Arctic. Journal of Experimental 
Marine Biology and Ecology. In Review (Submitted 09/28/13 JEMBE-D-13-00426. 20pp. 

Yurkowski, D.J., N. E. Hussey, C. Semeniuk, S. H. Ferguson, and A. T. Fisk. Effects of chemical lipid-
extraction and the utility of lipid-normalization models on stable isotope values in arctic marine 
mammal tissues. Canadian Journal of Fisheries and Aquatic Science. In Revision (Submitted 
07/03/13 CJFAS-2013-0363) 38pp. 

Matley, J.K., Fisk, A.T., and Dick, T.A. 2012. The biology and foraging ecology of Arctic cod 
(Boreogadus saida) in Allen Bay, Canada. Mar. Bio. Submitted Sep 13, 2012, MABI-S-12-
00671. 

Matley, J.K., Fisk, A.T., and Dick, T.A. 2012. Feeding ecology of Arctic marine mammals near 
Resolute, Canada. Mar. Mammal Sci. Submitted Sep 13, 2012, MMSCI-3569. 

c) Conference	
  presentations	
  (1	
  total)	
  –	
  invited	
  

Hussey, N.E. January 2012 Spatial and temporal movements and trophic ecology of fish: integrating 
telemetry with stable isotopes for conservation management. Stony Brook University, New York. 

d) Conference	
  presentations	
  (4	
  total)	
  –	
  contributed	
  

David J. Yurkowski, Steven H. Ferguson, Aqqalu Rosing-Asvid, Rune Dietz, Aaron T. Fisk (December 
2013). Movements and foraging habits of an ice-adapted predator in the Arctic ecosystem. 20th 
Biennial Conference on the Biology of Marine Mammals (International), Dunedin, New 
Zealand. Oral presentation. 

Kessel, S.T., Hussey, N.E., Peterson, S.D., Higdon, J.W., Darwent, J., Lange, H. and Fisk, A.T. (2013). 
Shallow water scavenging on marine mammals observed in a deep-water Arctic predator 
species, the Greenland shark (Somniosus microcephalus). Joint Meeting of Ichthyologists and 
Herpetologists. Alburqurque, NM, USA. 

Barkley, A., Hussey, N.E., Bedard, J., Vagle, S., Peklova, I., Webber, D., Hedges, K. and Fisk, A.T. 
(2013) Seasonal movements of deep-water arctic marine fishes: environmental cues in a dark 
place. INTECOL, British Ecological Society Meeting, London, UK 
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Hussey, N.E., Bedard, J., Hedges, K., Vagle, S. and Fisk, A.T. (2013) Seasonal movements of 
commercially important deep-water arctic marine fish: deriving relevant data for ecosystem 
base fisheries management. OTN Halifax Symposium. 

10.	
  Other	
  contributions	
  and	
  deliverables	
  

a) Radio	
  or	
  television	
  interview	
  or	
  contribution	
  to	
  a	
  programme/documentary,	
  etc.	
  

• August 1st – 15th, the crew in Resolute were joined by independent journalists whose work 
focused on our research is currently under consideration by Canadian Geographic. 

• The crew in Resolute worked with a film crew making a documentary called ‘Polar Seas’ which 
will air nationally in 2014. 

• August 2013 PDF Hussey was interviewed by CBC North regarding Greenland sharks and bycatch 
issues in Inuit fisheries.  

b)	
   Invited	
  or	
  contributed	
  presentation/contribution	
  at	
  a	
  workshop	
  

Yurkowski, D. J.* et al. November 2011. Capturing ringed seals (Phoca hispida) in the Canadian Arctic. 
Live catching techniques workshop at the 19th Biennial Conference on the Biology of Marine 
Mammals (International), Tampa, Florida. Oral presentation. 

c)	
   Invited	
  or	
  contributed	
  presentation/contribution	
  at	
  a	
  seminar	
  series	
  

Yurkowski, D.J., S.H. Ferguson and A.T. Fisk April 2013. Feeding ecology of an ice-adapted predator 
in a changing ecosystem. 2013 GLIER Multidisciplinary Graduate Student Symposium, 
Windsor, Ontario. Oral presentation. 

h)	
   Books	
  

Tallman R.F., M-J. Roux and A.T. Fisk. 2012. Management of ecosystem effects, potential and realized, 
in emerging arctic fisheries in South Baffin Island. In: Kruse, G.H., H.I. Browman K.L. 
Cochrane, D. Evans, G.S. Jamieson, P.A. Livingston, D. Woodby and C.I. Zhang (eds.), Global 
Progress in Ecosystem-Based Fisheries Management. Alaska Sea Grant, University of Alaska 
Fairbanks. Pp. 189-207. 

j)	
   Internet	
  publishing,	
  portal,	
  blog,	
  electronic	
  publications	
  	
  

PDF Steve Kessel’s research was featured in 2013 on the online blog ‘Profiles from the Arctic – Science 
from Resolute Bay’ http://arcticprofiles.wordpress.com/page/2/  

k)	
   Anything	
  else	
  that	
  isn't	
  a	
  primary	
  publication	
  that	
  has	
  you	
  communicating	
  with	
  others	
  

PDF Hussey held several discussions throughout 2013 with WWF Canada over fund raising initiatives 
for Greenland shark tagging work in the Arctic. This resulted in an initial 5 satellite tags, the submission 
of a 2 yr project plan for funding in the high Arctic and continued discussions with private donors for 
large scale funding to examine the movements and survival of juvenile and adult Greenland sharks 
across the Arctic region. 
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l)	
   Leveraging	
  your	
  research/funds	
  in	
  order	
  to	
  make	
  a	
  new	
  contribution	
  to	
  another	
  initiative	
  

We have contributed Arctic cod samples for an Arctic wide DNA database and for toxicology analysis 
with Derek Muir at Environment Canada, Burlington. We are also in the process of initiating a 
collaborative research effort with the Vancouver Aquarium to run controlled trials on tag retention and 
stable isotope feeding studies using their housed Arctic cod. This work will complement current work 
underway in the field in Resolute Bay. 

We are significantly involved in an international collaboration with researchers from the University of 
Plymouth (Drs. Thomas Brown & Simon Belt) where we showed, for the first time, that a specific sea 
ice diatom marker (IP25) was detected in Arctic marine mammals illustrating trophic transfer from sea 
ice algae. Furthermore, we developed a new approach to examine food web structure in polar 
environments, as we are now able to clearly differentiate between sea ice and sea water carbon sources, 
which addresses a key limitation of existing chemical techniques. Detailed analysis of organisms, 
spanning several trophic levels, enabled us to further identify specific carbon source throughout the 
ecosystem. Coupling this approach with stable isotope analysis can provide novel and useful information 
relating to carbon source and feeding relationships within Arctic ecosystems for the first time.  

m)	
   A	
  spin-­‐off	
  from	
  the	
  research	
  that	
  provided	
  a	
  new	
  opportunity	
  or	
  new	
  initiative	
  	
  

We are using sync tag data for multiple direction range testing in Resolute Bay. VEMCO are currently 
examining the VR2W acoustic receivers deployed in >1000m water and further work is being conducted 
on the use of this equipment at this depth. 

p)	
   Baseline	
   measures	
   (e.g.	
   reference	
   for	
   change),	
   empirical	
   relations	
   (e.g.	
   rates	
   and	
   states),	
   or	
  
mapping	
  products	
  (e.g.	
  range	
  expansion	
  or	
  contraction)	
  	
  

We have contributed Arctic cod samples for an Arctic wide DNA database and for toxicology analysis 
with Derek Muir at Environment Canada, Burlington. 

Ringed seal liver and muscle samples have been collected since 1985 and will be used as a baseline for 
stable isotope and genetic analyses to determine whether any significant changes have occurred in 
relation to their diet, feeding behaviour and population structure over time. 

11.	
  Collaborations	
  with	
  industrial	
  and	
  government	
  partners	
  

a) Partners	
  

Dale Webber from Vemco had direct involvement with the experimental design and range testing of 
equipment, which is ongoing. VEMCO are currently involved in the testing of VR2W receivers 
deployed in water depths >1000m. 

We are working closely with DFO and Government of Nunavut on the development of Greenland 
Halibut Inuit fisheries in Cumberland Sound and Scott Inlet. This has involved consultations (meetings, 
phone conference calls) about research and management decisions. As well, both DFO and Government 
of Nunavut have provided direct funding for our research. 

We have again received support from the Polar Continental Shelf Project for research in Resolute Bay. 
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We are collaborating with JASCO Research to obtain broadband ambient sound measurements in 
Resolute Bay. 

b) Contributions	
  
 

Name	
  of	
  supporting	
  organization:	
   Year	
  4	
  
DFO	
  –	
  Arctic	
  and	
  Central	
  Region	
   (2013)	
  
Cash	
  contributions	
  to	
  direct	
  costs	
  of	
  research	
    	
  
In-­‐kind	
  contributions	
  to	
  direct	
  costs	
  of	
  research	
   	
  
1) Salaries	
  for	
  scientific	
  and	
  technical	
  staff	
   $30	
  000	
  
2) Donation	
  of	
  equipment,	
  software	
   	
  	
  
3) Donation	
  of	
  material	
   $30	
  000	
  
4) Field	
  work	
  logistics	
   $25	
  000	
  
5) Provision	
  of	
  services	
   	
  	
  
6) Other	
  (specify):	
  	
   	
  	
  
In-­‐kind	
  contributions	
  to	
  indirect	
  costs	
  of	
  research	
   	
  
1) Use	
  of	
  organization’s	
  facilities	
   	
  	
  
2) Salaries	
  of	
  managerial	
  and	
  administrative	
  staff	
   	
  	
  
3) Other	
  (specify):	
  	
   	
  	
  
Total	
  of	
  all	
  in-­‐kind	
  contributions	
   $85	
  000	
  

 
Name	
  of	
  supporting	
  organization:	
   Year	
  4	
  
Government	
  of	
  Nunavut	
   (2013)	
  
Cash	
  contributions	
  to	
  direct	
  costs	
  of	
  research	
    	
  
In-­‐kind	
  contributions	
  to	
  direct	
  costs	
  of	
  research	
   	
  
1) Salaries	
  for	
  scientific	
  and	
  technical	
  staff	
    	
  
2) Donation	
  of	
  equipment,	
  software	
   $10	
  000	
  
3) Donation	
  of	
  material	
   	
  	
  
4) Field	
  work	
  logistics	
   $90	
  000	
  
5) Provision	
  of	
  services	
   	
  	
  
6) Other	
  (specify):	
  	
   	
  	
  
In-­‐kind	
  contributions	
  to	
  indirect	
  costs	
  of	
  research	
   	
  
1) Use	
  of	
  organization’s	
  facilities	
   	
  	
  
2) Salaries	
  of	
  managerial	
  and	
  administrative	
  staff	
   	
  	
  
3) Other	
  (specify):	
  	
   	
  	
  
Total	
  of	
  all	
  in-­‐kind	
  contributions	
   $100	
  000	
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Name	
  of	
  supporting	
  organization:	
   Year	
  4	
  
Polar	
  Continental	
  Shelf	
  Project	
   (2013)	
  
Cash	
  contributions	
  to	
  direct	
  costs	
  of	
  research	
    	
  
In-­‐kind	
  contributions	
  to	
  direct	
  costs	
  of	
  research	
   	
  
1) Salaries	
  for	
  scientific	
  and	
  technical	
  staff	
    	
  
2) Donation	
  of	
  equipment,	
  software	
    	
  
3) Donation	
  of	
  material	
    	
  
4) Field	
  work	
  logistics	
   $40	
  000	
  
5) Provision	
  of	
  services	
   	
  	
  
6) Other	
  (specify):	
  	
   	
  	
  
In-­‐kind	
  contributions	
  to	
  indirect	
  costs	
  of	
  research	
   	
  
1) Use	
  of	
  organization’s	
  facilities	
   	
  	
  
2) Salaries	
  of	
  managerial	
  and	
  administrative	
  staff	
   	
  	
  
3) Other	
  (specify):	
  	
   	
  	
  
Total	
  of	
  all	
  in-­‐kind	
  contributions	
   $40	
  000	
  

12.	
  Expenditures	
  and	
  Support	
  

a) Expenditures	
  

In general costs were in line with the 2013 proposed budget for the Arctic. 

1) Salaries and benefits: Students salaries covered or partially covered the salaries and benefits of 2 
PDFs (Drs. Hussey and Kessel), 3 PhD (Bedard, Yurkowski, Reinhart), 2 MSc (Barkley, O’Neal) 
and 2 undergrads (Cook, Tanner). Technical salaries covered included: 1) Dr. Richard Crawford, 
who is an Arctic cod and echosound expert who carried out research in Resolute Bay and is 
working with PDFs and graduate students; 2) Anna Hussey, lab manager who coordinated lab 
work, travel, budgets and purchase and shipping of equipment and supplies to the Arctic; 3) 
Robert Currie, field technician that has arctic survival and safety training; and 4) Inuit hunters and 
fisherman working in Resolute Bay, Cambridge Bay and Scott Inlet. 

2) Equipment or Facility: Covered costs of chemical analysis and purchase, replacement and repair 
costs of field instruments. This includes projects of HQP that have salaries not supported by OTN 
(e.g., Dr. Moore and McKinney). 

3) Material and supplies: Covered costs of field supplies and new instruments for oceanography. This 
includes projects of HQP that have salaries not supported by OTN (e.g., Dr. Moore and 
McKinney). 

4) Travel: Travel to the Arctic is expensive (flights $3,500 to $7,000, plus hotel costs), and OTN 
funds covered the travel of 2 PDFs (Kessel, Hussey), 2 PhD (Yurkowski, Bedard), 2 MSc 
(Barkley, O’Neal), 1 undergrad (Cook) and 2 technicians (Crawford, Currie). Conference travel 
will support PI Fisk, PDF Kessel and PhD Bedard to travel to the Arctic Net meetings in Halifax 
in December.  

5) Dissemination costs: Publication costs were to cover open access costs for a paper in Ecology 
Letters led by PDF Hussey. 

b) Significant	
  deviations	
  

In general costs were in line with the 2013 proposed budget for the Arctic. 
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1) Salaries and benefits: Less money was spent on graduate student (1a; $83K instead of $99K) and 
other staff (1d: $10K instead of $25K) salary and more on PDF salary (2b: $49K instead of $45K) 
and technical (1c: $48K instead of $45K) salary, resulting in an overall surplus of ~$5,000 in 
salary. The reduction in graduate student stipends was due to one student winning a scholarship 
(Dave Yurkowski was awarded an OGS scholarship) and a second student, PhD Murowinski, 
leaving the project in the summer. We are requesting unused funds be carried forward to cover 
student salaries at UVictoria (MSc student Caitlin O’Neil began in the summer of 2013) and 
UWindsor (new MSc Justin Landry starting in January 2014). 

2) Equipment or Facility: There was a net surplus of ~$11,000 in this category due to a reduction in 
lab costs (undergrad Amy Tanner did not travel to the arctic in 2013 but worked on samples, e.g., 
stable isotope analysis). As well, costs for an echosounder rental were eliminated due to the 
purchase of this instrument by PI Fisk with other non-OTN CFI funds. 

3) Dissemination costs: There is a net surplus of ~$4,000 because costs associated with meeting with 
Inuit Hunters and Trappers Associations were covered by the Government of Nunavut and DFO. 

c) Remaining	
  projected	
  balance	
  

Remaining budgets expenses for 2013 are mainly salary but also costs for sample analysis and 
conference travel. 

d) Actual	
  expenses	
  for	
  October-­‐December,	
  2012	
  	
  

On target. 

e) Conference	
  travel	
  
 

Conference	
   Location	
   Dates	
   	
  Attendee	
   Cost	
  

ArcticNet	
   Halifax	
   Dec	
  9-­‐14,	
  2013	
   Fisk,	
  Kessel,	
  Bedard	
   $3000	
  

ArcticNet is a key funding and organization body for arctic research in Canada. PI Fisk is giving a 
plenary talk about OTN, particularly the arctic component, in an effort to broaden the research of OTN 
in the Arctic and find collaborators and users of the OTN infrastructure. 
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Ocean	
  Tracking	
  Network	
  Canada	
   	
   	
   	
   	
   	
   NSERC	
  
Progress	
  Report	
  Year	
  4	
  Review:	
  1	
  October	
  2012	
  –	
  30	
  September	
  2013	
  
	
  

III.	
  Pacific	
  Arena	
  

1.	
  Project	
  Numbers:	
  III.1 and III.2	
  

2.	
  Project	
  Titles:	
  	
  
III.1. Characterizing oceanographic conditions for out-migrating juvenile and returning adult salmon 
III.2. Biology, behaviour and physiology of migrating adult and juvenile Pacific salmon  

3.	
  Project	
  Leaders:	
  	
  
III.1. R. Thomson (DFO, UBC), S. Hinch (UBC), S. Cooke (Carleton) 
III.2. S. Hinch, T. Farrell (UBC), S. Cooke (Carleton), K. Miller, R. Thomson (DFO, UBC) 

	
   Collaborators:	
  	
  
III.1. D. Patterson (DFO) 
III.2. D. Patterson M. Hague (DFO), M. Hague (DFO, PSC), M. Lapointe (PSC), D. Welch 

(Kintama), B. Riddell (PSF), K. English (LGL), M. Shrimpton (UNBC), T. Clark (Australian 
Institute of Marine Science) (2012), M. Davis (USA NOAA – retired) 

4.	
  Public	
  summary	
  of	
  report	
  

The OTN Pacific Arena research is focused on Pacific salmon given their ecological, cultural and socio-
economic importance. All of the research involved using innovative high-tech telemetry tags that 
transmit information to receivers spread throughout the coast and rivers. Prior to the development of 
such technology it was impossible to study Pacific salmon migration across large spatial scales. 
Research has covered several life stages including outmigrating smolts and upriver migrating adults. For 
example, team members traveled to the Chilko watershed where they tagged several hundred sockeye 
salmon smolts in an effort to identify where mortality occurs during their journey to the ocean. Team 
members also worked in the ocean where they tagged adult salmon to understand the behaviour of 
different stocks on their way to spawning grounds. The team tested novel telemetry tags that measure 
tailbeats of fish enabling the estimation of swimming speeds and energy use from the ocean to spawning 
grounds. Given the prevalence of fisheries along their homeward migration, we also studied the effects 
of capture and release on survival and behaviour of adult salmon. The team tested and identified best 
practices for ensuring that released fish survive. The work conducted in 2012-2013 involved extensive 
partnerships with Fisheries and Oceans Canada, First Nations Groups, anglers, and commercial fishers. 
Collectively OTN research in the Pacific Arena has already informed fisheries management and 
conservation by providing information on the behaviour and survival of salmon. 
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5.	
  Training	
  of	
  Highly	
  Qualified	
  Personnel	
  

a) HQP	
  and	
  level	
  of	
  support	
  
	
  

Name	
   Title	
  
%	
  Time	
  in	
  
project	
  

%	
  Support	
  
from	
  SNG	
   Dates	
  

Eduardo	
  Martins	
   RA	
   100	
   100	
   1	
  Oct	
  2012	
  –	
  30	
  Sept	
  2013	
  
Research	
  topic:	
  Modeller/analyst	
  involved	
  with	
  numerous	
  OTN	
  projects	
  
Erica	
  Eliason	
   PDF	
   25	
   0	
   1	
  Oct	
  2012	
  –	
  30	
  Sept	
  2013	
  
Research	
  topic:	
  Adult	
  salmon	
  thermal	
  tolerance	
  and	
  survival	
  
Mike	
  Donaldson	
  	
   PDF	
   30	
   0	
   1	
  Oct	
  2012	
  –	
  30	
  Sept	
  2013	
  
Research	
  topic:	
  Adult	
  salmon	
  capture/release	
  and	
  stress	
  studies	
  
Ken	
  Jeffries	
   PDF	
   100	
   0	
   1	
  Oct	
  2012	
  –	
  31	
  Dec	
  2012	
  
Thesis	
  topic:	
  Genomics	
  and	
  migration	
  success	
  in	
  Pacific	
  salmon	
  
Wenming	
  Zhang	
   PDF	
   100	
   0	
   1	
  Aug	
  2013	
  –	
  30	
  Sept	
  2013	
  
Research	
  topic:	
  ADCP	
  assessments	
  of	
  river	
  hydraulics	
  
Katrina	
  Cook	
   PhD	
   100	
   100	
   1	
  July	
  2013	
  –	
  30	
  Sept	
  2013	
  
Thesis	
  topic:	
  Adult	
  salmon	
  capture/release	
  marine	
  studies	
  
Amy	
  Teffer	
   PhD	
   30	
   0	
   1	
  Oct	
  2012	
  –	
  30	
  Sept	
  2013	
  
Thesis	
  topic:	
  Effects	
  of	
  handling	
  and	
  temperature	
  on	
  salmon	
  disease	
  and	
  survival	
  using	
  laboratory	
  experiments	
  
Arthur	
  Bass	
   PhD	
   50	
   0	
   1	
  June	
  2013	
  –	
  30	
  Sept	
  2013	
  
Thesis	
  topic:	
  Effects	
  of	
  handling	
  and	
  temperature	
  on	
  salmon	
  disease	
  and	
  survival	
  using	
  telemetry	
  studies	
  	
  
Matt	
  Drenner	
   PhD	
   100	
   100	
   1	
  Oct	
  2012	
  –	
  30	
  Sept	
  2013	
  
Thesis	
  topic:	
  Relationships	
  between	
  oceanographic	
  conditions	
  and	
  adult	
  salmon	
  migration	
  timing	
  and	
  survival	
  
Graham	
  Raby	
   PhD	
   100	
   0	
   1	
  Oct	
  2012	
  –	
  30	
  Sept	
  2013	
  
Thesis	
  topic:	
  Effects	
  of	
  capture/release	
  fisheries	
  on	
  salmon	
  migration	
  behaviour,	
  physiology,	
  and	
  RAMP	
  
Nolan	
  Bett	
   PhD	
   30	
   0	
   1	
  Oct	
  2012	
  –	
  30	
  Sept	
  2013	
  
Thesis	
  topic:	
  Factors	
  affecting	
  olfaction	
  and	
  homing	
  success	
  in	
  adult	
  salmon	
  
Natalie	
  Sopinka	
   PhD	
   10	
   0	
   1	
  Oct	
  2012	
  –	
  30	
  Sept	
  2013	
  
Thesis	
  topic:	
  Effects	
  of	
  stress	
  on	
  survival	
  and	
  fitness	
  of	
  adult	
  salmon	
  
Nathan	
  Furey	
   PhD	
   100	
   10	
   1	
  Oct	
  2012	
  –	
  30	
  Sept	
  2013	
  
Thesis	
  topic:	
  Modelling	
  survival	
  and	
  behaviour	
  of	
  outmigrating	
  salmon	
  smolts	
  
Vivian	
  Nguyen	
   PhD	
   30	
   10	
   1	
  Oct	
  2012	
  –	
  30	
  Sept	
  2013	
  
Thesis	
  topic:	
  Social	
  science	
  perspectives	
  on	
  telemetry	
  and	
  fisheries	
  capture/release	
  
Kendra	
  Robinson	
   MSc	
   50	
   0	
   1	
  Oct	
  2012	
  –	
  30	
  Mar	
  2013	
  
Thesis	
  topic:	
  Assisted	
  ventilation	
  as	
  a	
  recovery	
  approach	
  for	
  salmon	
  following	
  capture/release	
  
Sam	
  Wilson	
   MSc	
  	
   100	
   0	
   1	
  Oct	
  2012	
  –	
  30	
  Aug	
  2013	
  
Thesis	
  topic:	
  Using	
  accelerometer	
  transmitters	
  to	
  assess	
  migration	
  energetics	
  in	
  adult	
  salmon	
  
Nich	
  Burnett	
   MSc	
   100	
   0	
   1	
  Oct	
  2012	
  –	
  30	
  Sept	
  2013	
  
Thesis	
  topic:	
  Comparison	
  of	
  accelerometer	
  loggers	
  and	
  transmitters	
  in	
  assessing	
  migration	
  behaviour	
  of	
  adult	
  salmon	
  
Matthew	
  Langford	
   MSc	
   100	
   0	
   1	
  Aug	
  2013	
  –	
  30	
  Aug	
  2013	
  
Thesis	
  topic:	
  ADCP	
  assessments	
  of	
  river	
  hydraulics	
  
Jessica	
  Taylor	
   MSc	
   5	
   0	
   1	
  Oct	
  2012	
  –	
  30	
  Sept	
  2013	
  
Thesis	
  topic:	
  Effects	
  of	
  adult	
  migration	
  stress	
  on	
  juvenile	
  salmon	
  oxidative	
  stress	
  
Marley	
  Bassett	
   MSc	
   20	
   0	
   1	
  Oct	
  2012	
  –	
  30	
  Sept	
  2013	
  
Thesis	
  topic:	
  Osmoregulatory	
  preparedness	
  of	
  outmigrating	
  salmon	
  smolts	
  
Collin	
  Middleton	
   MSc	
   100	
   0	
   1	
  Oct	
  2012	
  –	
  30	
  Sept	
  2013	
  
Thesis	
  topic:	
  Effects	
  of	
  water	
  chemistry	
  and	
  flows	
  on	
  passage	
  of	
  adult	
  salmon	
  
Jacqueline	
  Chapman	
   MSc	
   100	
   0	
   1	
  Aug	
  2013	
  –	
  30	
  Aug	
  2013	
  
Thesis	
  topic:	
  Adult	
  salmon	
  capture/release	
  studies	
  in	
  marine	
  areas	
  
Taylor	
  Ward	
   BSc	
   100	
   0	
   1	
  Aug	
  2013	
  –	
  30	
  Aug	
  2013	
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Name	
   Title	
   %	
  Time	
  in	
  
project	
  

%	
  Support	
  
from	
  SNG	
   Dates	
  

Thesis	
  topic:	
  no	
  thesis,	
  just	
  research	
  assistant	
  
Kirsten	
  Bradford	
   BSc	
   25	
   25	
   1	
  June	
  2013	
  –	
  1	
  Sept	
  2013	
  
Thesis	
  topic:	
  no	
  thesis,	
  just	
  research	
  assistant	
  
Petra	
  Szekeres	
   BSc	
   50	
   0	
   1	
  June	
  2013	
  –	
  30	
  Sept	
  2013	
  
Thesis	
  topic:	
  no	
  thesis,	
  just	
  research	
  assistant	
  
Theraesa	
  Coyle	
   BSc	
   25	
   25	
   1	
  Jan	
  2013	
  –	
  31	
  May	
  2013	
  
Thesis	
  topic:	
  no	
  thesis,	
  just	
  research	
  assistant	
  
Stephen	
  Healy	
   BSc	
   25	
   25	
   1	
  Oct	
  2012	
  –	
  30	
  Sept	
  2013	
  
Thesis	
  topic:	
  no	
  thesis,	
  just	
  research	
  assistant	
  
Catherine	
  Thompson	
   BSc	
   25	
   0	
   1	
  Oct	
  2012	
  –	
  30	
  Sept	
  2013	
  
Thesis	
  topic:	
  no	
  thesis,	
  just	
  research	
  assistant	
  
	
  
b) Role,	
  activities,	
  and	
  opportunities	
  for	
  training	
  

Research on Pacific salmon requires significant interaction with stakeholders, use of specialized 
equipment, performing laboratory assays and analyses, and working in environments (e.g., on research 
vessels) that are inherently dangerous and require extensive training. As such, we have a team of 
technical staff that are essential to project success and play an important role in training of HQP. Our 
technical staff includes highly competent individuals who deal with aspects of site reconnaissance, 
biosecurity, field equipment maintenance and operation, vessel/vehicle fleet maintenance and operation, 
field camp logistics, technical operations of data collection, and most importantly mentoring of students 
in the field and lab. Our work requires extensive interaction with stakeholders (e.g. First Nations groups, 
fisher groups, ENGOs) which requires relationship building, consistency, and mutual respect. Relying 
solely on graduate students for stakeholder engagement is not consistent with the need to maintain long-
term relationships. Moreover, technical staff plays critical roles in safety training and monitoring, 
ensuring that research activity is in compliance with university and government (provincial and federal) 
policies. Technical staff at the DFO Molecular Genetics Laboratory at the Pacific Biological Centre train 
HQP in molecular technologies and participate in the laboratory analyses. Our technical staff serves a 
critical role as conduits of information from the public and other stakeholder groups to the investigators 
in our research program. Our technical staff is able to enhance their knowledge and further develop their 
abilities and skills through participating in workshops, local conferences, and meetings with partner and 
collaborator groups. 

6.	
  Progress	
  towards	
  objectives/milestones	
  

a) Overall	
  objectives	
  

Project III.1)  

i) Characterize the upper ocean physical, chemical and biological environments encountered by 
juvenile and adult salmonids in coastal areas to order explore interannual variability in these 
environments, and obtain data for use in Project III.2 in order to relate ocean conditions to that of 
fish behaviour, physiology, or survival. 
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Project III.2)  

i) Examine how environmental and anthropogenic conditions experienced by migrating adult salmon 
en route to natal rivers during the coastal approach and estuarine transition zones varies among 
individuals depending on population of origin and physiological state. 

ii) Examine how environmental, physiological and anthropogenic conditions influence adult salmon 
survival to the natal rivers and spawning grounds. 

iii) Examine the effects of different types of acoustic transmitters and fish sizes on sustained swim 
speeds, metabolic rate, feeding, and survival in smolting sockeye salmon in both freshwater and 
saltwater.  

iv) Examine speed of outmigration, and location and level of mortality in freshwater and coastal 
areas, for individual sockeye salmon smolts.  

b) Progress	
  

Project III.1)  

i) Rick Thomson (DFO) and his colleagues from the Institute of Ocean Sciences continue to conduct 
four oceanic surveys per year in the Salish Sea region from the entrance to Juan de Fuca Strait to 
the northern Strait of Georgia using the DFO vessel ‘Vector’. These seasonal CTD/rosette surveys 
include profiles of salinity, temperature, chl a, light attenuation, density, and nutrients (P, Si, 
NO3). The four cruises are meant to define the seasonal cycle and long term trends. These long-
term data will be used to link with multi-year tagging data we are now collecting on salmon smolt 
migration rates and survival through the Salish Sea (PhD student Nathan Furey). Thomson and 
colleagues continue to collect and process CTD profile data around 10 times per month in the 
Nanoose Torpedo Test range by the US and Canadian Navies. They continue to maintain current 
meter moorings to measure currents in the northern Strait of Georgia, including a long term 
current, water property and sediment flux measurements from site SOGN (approx. 10 nm south of 
Cape Mudge) and DPN (in Discovery Passage). Thomson has been developing models using the 
hourly data from the northern current meters and from the met buoys in the Strait of Georgia to 
predict abundance and return timing of adult sockeye salmon.  

ii) From 2010-2012; Matt Drenner (PhD student), Sam Wilson (MSc student) and Collin Middleton 
(former undergrad, now MSc student) collected CTD data in the northern Strait of Georgia during 
in conjunction with telemetry tracking of adult sockeye salmon. These CTD and related 
environmental data (e.g. sea surface temperature from meteorological buoys, sea surface salinity 
from coastal light-stations, tidal details, daily volume discharge from the Fraser River, additional 
temperature and salinity data from the VENUS observatory situated at the Fraser River mouth, and 
Environment Canada buoys situated throughout the lower Fraser River) were incorporated into 
analyses, papers and student theses during 2013.  

Project III.2)  

i) Several studies were completed in 2013 (and theses completed, papers submitted/published) which 
examined factors affecting behaviour and survival of marine tagged adult sockeye and utilized 
tracking data collected from 2010 to 2013. Specifically, Drenner worked with Martins (RA) to 
quantitatively link thermal experience of coastal migration adult sockeye assessed from ibutton 
information to oceanographic variables (collected in Project III.1), migration speed and survival 
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(paper accepted). Interestingly, the largest source of variation in thermal experience was attributed 
to within-individual variation suggesting need to focus on individual-level physiological state and 
behaviour. Swimming speeds derived from depth sensing accelerometer tags in ocean and riverine 
migrating sockeye were related to encountered environmental conditions, fish sex and stock (paper 
accepted, Wilson thesis completed; in collaboration with Drenner, Middleton, and technicians 
Lotto, Nettles). Collectively the research revealed that in the ocean sockeye were swimming near 
metabolically optimal speeds yet in river their energetic expenditure increased while ground-speed 
decreased. Analyses relating initial physiological state, including genomic biomarkers, to survival 
are continuing and write-up of these results is underway (Martins, Furey, Drenner). 

ii) Several studies were completed in 2013 (and theses completed, papers submitted/published) which 
examined if assisted ventilation approaches (e.g. fish bags or manual ram ventilation) influenced 
survival of released adult salmon following recreational angling, First Nations beach seine or 
commercial purse seine capture; and if RAMP (reflex action mortality predictors; a rapid 
assessment indicator of physiological impairment) is a useful approach for predicting post-release 
mortality (PhD Raby, MSc Robinson, RA Martins, PDF Donaldson, technicians Nettles, Lotto). 
One of the primary results to date is that assisted ventilation has limited beneficial effects and may 
even be detrimental for aiding recovery and survival of released fish, except when a fish is 
extremely physiologically impaired (three papers accepted, Robinson thesis completed). RAMP 
measures have proven to be highly predictive of delayed mortality in sockeye and coho salmon in 
riverine environments thus these simple and quick reflex measures could be used by fishers as a 
means of knowing whether they should release by-caught salmon, or keep them because they will 
die anyway during subsequent migration (2 papers). The results of all these studies will help 
managers assess how different fishing handling and release strategies in environmental (estuarine) 
transition zones influence salmon behaviour and survival. Using social science survey methods, in 
conjunction with the tagging and RAMP studies, First Nations fishers were interviewed to gain an 
understanding of how they viewed telemetry and recovery research, how they feel it should be 
used to help them manage their fisheries resource and the threats and opportunities they face in 
regards to their fisheries. The primary findings were that over 2/3rd of First Nations fishers trusted 
the results of telemetry science and felt positively about how it could help fisheries management. 
A majority felt that recovery bags were a good idea to implement and would do so themselves if 
bags were shown to be helpful for salmon survival (MSc Nguyen, PhD Sopinka). These results 
formed part of the completed MSc thesis of Nguyen and resulted in two papers. 

To assess marine survival rates of released of adult migrating coho salmon, and to see if assisted 
ventilation and RAMP are useful approaches in marine environments, in August 2013, we chartered a 
commercial purse seine vessel to capture and tag with VEMCO V8 acoustic transmitters adult coho 
salmon in Juan de Fuca Strait (PhD Cook, Raby, Drenner, MSc Chapman, undergraduate Ward). 
Because these fish are still feeding at this stage in their marine life, transmitters needed to be externally 
attached to the fish. [This was a novel tagging method for migrating adult salmon, so we conducted a 
tagging validation study in 2012 using an on-board net pen with 24-h holding trials – results showed that 
this method was reliable with 100% tag retention]. Release survival was assessed using 220 tagged coho 
salmon that were by-captured in a commercial pink fishery and tagged with acoustic transmitters - they 
were also evaluated for injury and RAMP in order to link post-release fate with fish condition. The fish 
we tagged were biopsied for DNA and we anticipate that we tagged a mixture of American (Puget 
Sound) and Canadian (Fraser River) stocks. This project utilized the POST/OTN acoustic receiver lines 
currently operating in the Juan de Fuca Strait, the lower Fraser River (Kintama partner line), and also 
American lines operating in Puget Sound. Data downloads from the POST/OTN lines will occur in 
November 2013. In a separate on-board experiment, we compared recovery physiology and recovery 
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rates of coho that were by-caught and put into either the ‘industry-standard’ recovery tote (a large bin 
which has some water circulation) or recovery boxes (aka Fraser boxes) which uses high velocity water 
in a trough forcing fish to ram ventilate. The latter approach has been adopted in some fisheries, and we 
have been examining its utility in freshwater locales in recent studies, but this recovery tool has never 
been incorporated into an actual marine fishery involving coho by-catch. Experiment results, DNA, 
pathogen and plasma analyses are all pending. The project was a collaboration with industry partners 
(Area B Seiner Society), the Pacific Salmon Foundation, and DFO. 

In August and September 2013, we used telemetry, RAMP and physiological biopsy to assess predictors 
of release mortality and the physiological factors (e.g. pathogen loads) related to release mortality 
associated with riverine and estuary Chinook fisheries, a species that prior to now has had no capture-
release research conducted on it in Canada. We obtained over 400 adult Chinook from two populations 
which were recent arrivals to the DFO Chilliwack Hatchery, transported them downriver close to the 
riverine/ocean transition area, where they were gastrically implanted with coded radio transmitters, then 
some were exposed to a gillnet entanglement (with and without air exposure) treatment, others were 
controls, prior to release. Results are not yet available (PhD Teffer, PhD Bass, UG Szekeres, technicians 
Lotto, Nettles). 

iii) Given that tagging of animals is central to the OTN Canada program, there is clearly a need for 
both a synthesis of existing data as well as the generation of new data to ensure that the welfare 
status of tagged fish is maintained and that data from tagged fish are representative of untagged 
conspecifics. We continue to assess ‘handling effects’ through our research dealing with facilitated 
recovery and RAMP and to develop ‘best practices’ in terms of sizes of transmitters that can be 
used in field telemetry studies, particularly on juvenile salmon. Specifically, we completed several 
relevant handling effects and review studies and published them this past year in the primary 
literature and in technical reports (2-3 papers including reports to PSF). 

We continued with our assessments of new tag technology, specifically VEMCO accelerometer 
transmitters, and linkages between this technology and novel environmental monitoring approaches. In 
2013 over 60 accelerometer transmitters were implanted into Seton River adult sockeye prior to their 
migration through turbulent flows to assess how acceleration, swimming speeds and activity affected 
migration success in relation to the encountered dynamic flow fields which were assessed in real-time 
using Acoustic Doppler Current Profiling (ADCP). Preliminary results indicate that burst swimming 
(and high levels of anaerobiosis) is required to pass through these areas of turbulent flow; however fish 
that burst swam the most were least likely to reach natal areas after passing the turbulent zone - 
particularly for females, indicating strong latent effects of anaerobiosis. ADCP results suggest that the 
turbulent zone is highly variable in water velocity and that some flows were ‘super critical’ supporting 
the accelerometer results that sockeye must swim anaerobically to pass. It also identified large reverse 
flow fields downstream of the turbulent zone which contributed to migration delay. Results are still 
being analyzed (MSc Burnett, PhD Bett, MSc Middleton, MSc Langford, PDF Zhang, technicians Lotto 
and Casselman). It is worth noting that this research component involves collaboration with hydraulic 
engineers from U Alberta and represents a connection between OTN Canada and NSERC HydroNet 
Strategic Network. 

iv) Summarization and write-up of results from outmigrating smolt studies from 2010 to 2013 have 
been on-going and resulted to date in several technical reports and draft or submitted manuscripts 
in 2013 (collaborators Welch, Clark, Rechisky, PDF Jeffries, PhD Furey). In 2013 spring, the 
lower Fraser River acoustic receiver array was re-deployed by Kintama Ltd and the upper 
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Chilcotin acoustic receiver array was re-deployed by UBC. Both arrays had receivers positioned in 
identical locales to previous years. Marine OTN lines were in same locales as in previous years. In 
April and May 2013, acoustic transmitters were implanted into 432 Chilko Lake sockeye salmon 
smolts at the DFO counting fence as they began their outmigration to the Pacific Ocean. This site 
is situated 750 km inland from the ocean and is the highest elevation rearing lake for sockeye 
salmon in Canada. Fish were surgically implanted with V7 transmitters, in an identical fashion to 
previous years (Furey, PDF Jeffries, MSc Middleton, technicians Lotto and Casselman). Small gill 
samples were collected from 219 of these fish to quantify pathogen loads using newly developed 
molecular techniques (fluidigm qPCR). We will relate these data to acoustic detection data in the 
river and early marine environments. Of the fish tagged, 229 fish were transported for downstream 
release near Chilliwack, BC (550 km downstream of Chilko Lake; near the ocean). The Chilcotin 
receivers have been retrieved and downloaded. Unfortunately, receivers placed ~150 km 
downstream of Chilko Lake (near Farwell Canyon) contained zero detections. The receivers had to 
be placed at a new site (within 1 km of original locations) due to vandalism, and this new location 
contained shallower, more quickly moving water which may account for the poor detection 
efficiency. The lower Fraser array was downloaded by Kintama at the end of September, 2013. 
The marine arrays will be downloaded by OTN in mid-November. Assessments of survival and 
movement rates are pending the recovery of these receiver lines. Pathogen analyses will occur 
during winter 2013/2014.  

c) Significant	
  deviations	
  

The original broad objectives and goals, after being modified and approved in 2010, remain intact. In 
2011 and continuing to 2013, we expanded some of our current and planned telemetry projects on adult 
salmon to include assessing how different types of fishing practices influences survival and behaviour. 
This is a logical expansion given that assessing investigator ‘handling’ and ‘tagging’ effects is a large 
component of all of our studies, and we acquire all of our fish to be telemetry tagged from various 
fisheries so having a more rigorous assessment of how these sampling platforms affects our telemetry 
results is important. Also, this expansion provides better linkages with DFO fisheries management, and 
with several stakeholder user groups (e.g. fishing and ENGO groups) who have partnered with us in 
these studies. No projects were deleted. We were opportunistically able to conduct the additional 
accelerometry and ADCP research and the Chinook capture/release study at no additional cost to OTNC 
as transmitters, technical supplies and field costs, and HQP time were provided from other sources. 

d) Coordination	
  and	
  integration	
  

Several face-to-face meetings, conference calls, Skype and email virtual meetings were held over the 
past year for purposes of integration, planning, logistics, and coordination among Pacific Arena 
researchers and collaborators. The following were the face to face meetings: 

• January 15, 2013 – meeting at UBC to discuss upcoming marine tagging projects (Hinch, K. 
Cook) 

• January 29, 2013 – research progress meeting with Burnett, Hinch, and Cooke  

• February 8, 2013 – OTNC Pacific Arena investigator and collaborator annual meeting (Hinch, 
Cooke, Farrell, Miller, Thomson, Patterson, all OTNC Pacific graduate students, PDFs, 
technicians) – held in conjunction with ‘Workshop on Salmon Migrations, Climate Change, and 
Capture/Release Fisheries’, University of British Columbia, Vancouver, BC, Canada 
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• May 3, 2013 – meeting at UBC to discuss Seton River tagging study results and plan for field 
season (Hinch, Burnett, Casselman, Lotto, Bett, Middleton) 

• June 4, 2013 – meeting in Halifax (in conjunction with 3rd OTN Symposium) to discuss progress 
of linking gene expression with sockeye salmon survival in the marine environment (Miller, 
Hinch, Furey, Drenner) 

• June 5, 2013 - meeting at UBC to plan capture release projects based on the Chilliwack River 
and at the Cultus Lake DFO facility (Hinch, Lotto, Teffer, Bass) 

• June 11, 2013 - meeting at UBC with charter boat captains to initiate the planning of coho 
marine tagging project (Hinch, Raby, Drenner, Paul Brajcich [commercial fisher])  

• June 11, 2013 – meeting at UBC to discuss Seton River tagging study results and plan for field 
season (Hinch, Burnett, Casselman, Lotto, Bett, Middleton) 

• June 19, 2013 – meeting at UBC to discuss planning of smolt telemetry study (Hinch, Welch, 
Furey, Gergel, Pakhomov) 

• June 25, 2013 – side meeting, in conjunction with the International Conference on Engineering 
and Ecohydrology for Fish Passage in Corvallis Oregon, to discuss the study on delayed 
mortality of released coho salmon and other future projects (Hinch, Cooke, K. Cook) 

• July 20, 2013 – planning meeting for timing of logistics for the study on delayed mortality of 
released coho salmon (Hinch, Drenner, Raby, Cooke, K. Cook) 

• July 30, 2013 – meeting at Cultus Lake DFO facility in preparation for telemetry project (Cooke, 
Teffer, Bass) 

• August 10, 2013 – site visit to ‘The Fransican’, the vessel to be used to study delayed mortality 
of released coho salmon from pink salmon fisheries, and meeting with the captain of the vessel. 
The vessel was evaluated for holding capabilities and timing of the project was discussed 
(Drenner, Raby, Brajcich) 

• October 2012 – September 2013 - Bi-monthly meetings between members of University of 
Victoria, DFO and UBC to discuss pathogen related work and student obligations (Teffer, Hinch, 
Miller, Juanes). 

e) Scientific	
  and/or	
  engineering	
  significance	
  

a. We conducted the largest ever study for assessing thermal experience of marine migrating salmon. 
Over the past several years we have implanted temperature loggers (ibuttons - which record 
thermal experience each hour) into several hundred ocean migrating adult sockeye. We found that 
there are no differences between populations or between sexes in marine thermal experience – 
although hourly thermal experience was widely variable (8-21 C), most of the time thermal 
experience was ~ 10-13 C. Oceanographic data indicate this thermal range occurred at different 
depths in the different years suggesting that migrants are actively selecting this temperature range 
which coincides with their metabolic thermal optima. This study was published in 2013. 

b. We have completed the first ever large scale study with depth sensing acoustic accelerometer 
transmitters in marine environments. Over 100 Fraser River sockeye salmon were captured during 
their homeward migration in the northern Strait of Georgia and lower Fraser River and implanted 
gastrically with a depth sensing accelerometer acoustic transmitter. We found that migrating fish 
which were bound for long distance spawning areas in freshwater swam faster in marine and 
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freshwater areas than those bound for nearby coastal spawning areas. Individuals were remarkably 
consistent during their migration in their elicited swim speeds – some variability among 
individuals in swim speed and depth was explained by diel and tidal cycles. Consistent with the 
physiological literature, coastal migrating fish generally were swimming at metabolically optimal 
speeds. This study was submitted for publication in 2013. We have also begun to link 
accelerometry information with detailed measures of the migration hydrodynamics using ADCP 
which is the first such examination of its kind and is helping reveal how swimming performance is 
affected by water flow dynamics in a field setting.  

c. We conducted the first ever study tracking coho salmon ‘by-catch’ following release from a 
commercial marine purse seine fishery. We have found that released coho can survive at rates (~ 
80%) which far exceed those currently applied in management models (~ 20%) for dealing with 
released coho bycatch mortality – this information can be used to assist fisheries managers in 
revising allocations, timing and locations of marine salmon fisheries that may intercept 
endangered stocks of coho.  

d. Given that tagging of animals is central to the OTN Canada program, there is clearly a need for 
both a synthesis of existing data as well as the generation of new data to ensure that the welfare 
status of tagged fish is maintained and that data from tagged fish are representative of untagged 
conspecifics. We have identified critical tag burdens (and size limits) that can start to inform ‘best 
practice’ procedures for tagging juvenile salmon - it appears that 6-8% tag burden (for 6-9 mm 
tags) may represent an upper limit for juvenile sockeye salmon. We also assessed in the lab the 
new VEMCO V5 (5 mm) tag, their smallest, which enables smaller salmon smolts to be tagged 
than previously. Lastly using a lab study we determined that small amounts of gill filaments could 
be removed from tagged smolts with no effects on 30 day survival thus ground-proofing a 
technique to assess effects of pathogens and condition on fate of wild tagged and released migrants  

e. We have identified key locales associated with juvenile salmon mortality during outmigration. 
Ours is the first telemetry study (> 2000 fish tagged) ever on wild juvenile sockeye, and the first 
large study to use VEMCO V6 and V5 (180 kHz) miniature tags. In all years, including 2013, we 
recorded significant mortality of Chilko Lake sockeye smolts within the first 100 km (of their 650 
km freshwater migration) likely as a result of predation. Overall, survivorship during the 
freshwater portion of the outmigration was ~ 30-40%; subsequent marine survival through the 
Strait of Georgia to the northern end of Vancouver Island (to the Queen Charlotte Strait POST 
acoustic line ~ 240 km) was of similar scale to that in freshwater with a total survival from release 
to final acoustic line of 3-7%. In each of 2012 and 2013, gill samples were taken from >200 
outmigrating sockeye smolts that were tagged to assess pathogen status and other biomarkers of 
condition and relate these to migratory fate. This is the first time the biomarkers have been used in 
this manner on tagged Pacific salmon - analyses just completed from 2012 samples have revealed 
that fate of migratory smolts is linked to the presence of a viral pathogen.  

f. We have examined relevant pathogen loads of returning adult salmon during spawning migration 
in response to elevated water temperature and fisheries capture. By collecting fish shortly after 
river entry and holding them in experimental tanks, we were able to expose fish to stressors in a 
controlled setting and repeatedly sample tissues to quantify changes in physiological response and 
pathogen load during freshwater migration. Species evaluated include coho and Chinook to 
measure interactions between temperature and fisheries effects, as well as early Stuart sockeye 
used to quantify effects of different gillnet entanglement durations on disease potential. Enhanced 
handling-associated mortality in the presence of high water temperature in coho suggests an 
interaction between temperature and fisheries capture and entanglement duration was also 
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positively associated with premature mortality in sockeye under a natural temperature regime. 
Several microbes including Ichthyophthirius multifiliis and Parvicapsula minibicornis were found 
to increase in load with the duration of freshwater residence and this effect was amplified at high 
water temperature. This approach is cutting edge as an evaluation of multiple adult wild fish 
stocks and its employment of high-throughput qPCR techniques for simultaneous microbe 
screening and quantification of stress response at the cellular level. This experimental work set the 
ground work for parallel telemetry tracking studies on these same populations involving relating 
pathogen loads to fate of capture and released fish.  

g. This past year we have applied the same high-throughput qPCR techniques combining analysis of 
45 salmon microbes and 58 host genes on returning adult sockeye salmon that were tagged and 
sampled in 2010. A virus that is newly discovered in BC, the Piscine Reovirus, and microspordian 
parasite Loma salmonae were correlated with migration survival of adult Chilko sockeye. These 
two microbes were also associated with the strongest host response in the marine environment. 

7.	
  Difficulties	
  encountered	
  

	
   No	
  problems	
  occurred	
  during	
  the	
  reporting	
  period	
  	
  

8.	
  Networking	
  and	
  outreach	
  

a) Intra-­‐network	
  collaboration	
  and	
  partner	
  meetings	
  

October 2012 to August 2013 – Eliason (PDF) actively mentored Samantha Wilson (MSc), Nicholas 
Burnett (MSc) and Amy Teffer (PhD) on experimental design, data analysis and fish physiology. 
Eliason has provided advice and expertise related to fish physiology (e.g. metabolism, aerobic scope, 
cardiorespiratory and blood physiology) to many members of the Pacific Arena team. 
October 2012 to September 2013 - Martins (RA) was active mentor of all the MSc and PhD students in 
the Pacific Arena on data analysis; he had numerous meetings with Drenner (PhD) and Wilson (MSc) to 
work on the data analyses for papers submitted to the Marine Ecology Progress Series special issue on 
“Advances in physiological and electronic tagging techniques yield insights to behaviour, survival, and 
reproduction in freely ranging marine animals". 

November 2012 to March 2013 – Eliason, Martins and Patterson (DFO collaborator) met several times 
to discuss a meta-analysis of Fraser River sockeye salmon spawning migration mortality that generated a 
reasonable range of migration mortality estimates from scientific literature. 
January to July 2013 – monthly meetings at DFO (SFU) to discuss sockeye salmon thermal logger data 
analyses (Drenner, Martins, Patterson) 
January 25, 2013 – meeting with University of Alberta hydrodynamic lab (Dr. David Zhu and 
colleagues) to discuss linkages between fish tracking and ADCP research (Hinch, Burnett) 
January 26 - February 14, 2013 – Martins (RA) visited Joanna Mills-Flemming and Ian Jonsen at 
Dalhousie University to work on the development of state-space models to analyze fine-scale fish 
movements collected with acoustic telemetry (funding from NSERC HydroNet but directly related to 
OTN). 
February 8, 2013 – OTNC Pacific Arena investigator and collaborator annual meeting (involves all 
Pacific HQP, PIs, numerous DFO, PSC, PSF, FN and ENGO personnel (~ 60 participants) – held in 
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conjunction with ‘Workshop on Salmon Migrations, Climate Change, and Capture/Release Fisheries’, 
University of British Columbia, Vancouver, BC, Canada 

May 29, 2013 – Martins (RA) met with Joanna Mills-Flemming at University of Alberta to discuss 
progress on the analysis of fine-scale movements using state-space models. 

June 4, 2013 – Hinch, Drenner, Furey, Ian Jonsen (Atlantic arena), Joanna Mills-Fleming (Atlantic arena) 
met at the annual OTN meeting to discuss potential use of state-space models to analyze fine-scale 
movements of adult sockeye salmon in the marine environment. 
June 2013 - September 2013 – Drenner (PhD student) and Raby (PhD student) mentored Katrina Cook 
(PhD student) in study design and assisted with field work and post-field work data analysis. 
August 16, 2013 – meeting at the University of Washington (UW) to discuss future simulation 
modelling of salmon smolt migrations (Furey, Neil Banas [UW], Brian Burke [NOAA]) 
August 16, 2013 – meeting at the University of Washington (UW) to discuss future research on 
determining the impact of bull trout predation on out-migrant sockeye salmon smolts from Chilko Lake 
(Furey, David Beauchamp [UW]) 

September 30, 2013 – meeting at the University of Victoria (UVic) to discuss the identification of 
sockeye salmon smolts within bull trout stomach contents collected in 2013 (Furey, Wigen [UVic]).  

b) Interaction/outreach	
  to	
  broader	
  community	
  

January 22, 2013 - Genome BC Winter Symposium - Miller gave a talk on the Strategic Salmon Health 
Initiative project that links with OTN Canada. 
February 6-7, 2013 - Miller gave a presentation on the Strategic Salmon Health Initiative project and 
mentioned its links with OTN Canada in Ottawa at NSERC Managers Meeting. 
February 13, 2013 – Raby (PhD student) traveled to Portland (OR, USA) to present 2012 coho salmon 
telemetry data (twice) at the annual Pacific Salmon Commission planning meeting: to the southern panel 
and to the Fraser panel (two management groups responsible for planning salmon management in the 
Pacific Northwest). 
March 13-14, 2013 – Martins (RA) attended the MCA-REV Fish Entrainment Workshop at BC Hydro 
in Revelstoke and presented the preliminary findings of the research done in collaboration with Joanna-
Mills Flemming and Ian Jonsen. 

April 8-11, 2013 – Martins (RA) attended the 3rd Annual HydroNet Symposium in Montreal and 
presented the preliminary findings of the research done in collaboration with Joanna-Mills Flemming 
and Ian Jonsen.  
April 16, 2013 - Miller gave a presentation on the Strategic Salmon Health Initiative project and 
mentioned its links with OTN Canada at Genome BC First Stakeholder Panel Meeting.  
April 16-26, 2013 – Cooke, Martins (RA), and Nguyen (PhD) traveled to the Brazilian Amazon to 
initiate collaboration in telemetry studies on catfish migrations. Lessons learned from large-scale 
tracking under OTN activities were shared. 

April 23, 2013 - MSc student Burnett made an oral presentation to the St’at’mic First Nations 
Government Services and BC Hydro at the Water Use Plan Spring Update meeting in Lillooet, BC, 
Canada, discussing study results from research conducted in the Seton-Anderson watershed in 2012.  
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April 25, 2013 – PhD student Furey gave presentation to the Xeni Gwet'in First Nation on ongoing OTN 
research (tracking sockeye salmon out-migration from Chilko Lake) at the opening of their new 
community kitchen. The presentation was translated into the native language by Chief Roger William. 
June 12, 2013 – Hinch, Andrew Lotto (Technician) and Arthur Bass (PhD student) met with Nicole 
Trouton and Kristin Singer (DFO stock assessment) to discuss proposed tagging approaches for Chinook 
salmon and appropriate sites for radio antenna installation. 

June 13, 2013 – Andrew Lotto (technician) and Arthur Bass (PhD student) met with Jeremy Mothus, 
Assistant Hatchery Manager, Chilliwack River Hatchery, to received feedback on plans for Chinook 
salmon telemetry project on the Chilliwack River 
June 15, 2013 - PhD student Furey and Hinch submit report to the Pacific Salmon Foundation 
summarizing OTN research dealing with outmigrating smolts. 
June 2013 – Amy Teffer (PhD student) attended the annual meeting of the Fish Health Section of the 
American Fisheries Society and met with several fish health experts and aquaculture-focused 
pathologists to open the doors for collaborations involving validate qPCR pathogen screening techniques. 

July through October, 2013 – PhD student Arthur Bass and technician Petra Szekeres engage anglers on 
a daily basis while performing field work along one of the most heavily fished rivers in BC. The 
researchers explain their project along with answering pertinent questions asked by the public. This 
occurs on average 3 times per day, 7 days a week. 

July 10, 2013 – Arthur Bass (PhD student) met with Tara Friesen, Assistant Manager of Environmental 
Services, City of Chilliwack to overview the telemetry project on the Chilliwack River. 

July 2013 – Amy Teffer (PhD student) attended the Salmon Disease Workshop at Oregon State 
University where she learned a number of skills to identify clinical signs of salmon diseases at all life 
stages. 
August 3, 2013 – Raby (PhD student) helped conduct a “lab tour” for UBC Alumni Weekend, providing 
information on the telemetry component of the Hinch Lab research to alumni and their families. 
September 10, 2013 – Arthur Bass (PhD student), Amy Teffer (PhD student) and Petra Szekeres 
(technician) met with Jeremy Mothus and Doug Willis (DFO fish biologists) for feedback on Chinook 
salmon telemetry project on the Chilliwack River. 

September 25, 2013 – Students Bett, Burnett, and Middleton hosted the 25-member Pacific Salmon 
Commission Fraser Panel at the Seton River field site in Lillooet, BC. The PSC panel was given a 2 
hour presentation including demonstration of the application of acoustic accelerometer transmitters to 
assess fish passage success at Seton Dam. 

September 2013 – PhD student Cook agreed to serve on the planning committee for WDAFS conference 
and is organising a symposium on the fate of fishes released from fisheries where OTN work will be 
highlighted. 
September 30, 2013 – Technician Casselman presented an overview of the Seton telemetry program to a 
UBC international graduate student course on a field trip to Lillooet, BC. 
September 2013 - North Pacific Anadromous Fisheries Commission Informal Meeting. Miller 
presentation on “Genetic and Genomic research opportunities”  
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9.	
  Dissemination	
  of	
  information	
  and	
  results	
  

a) Refereed	
  journal	
  articles	
  (29	
  total)	
  –	
  accepted/published	
  

Burnett, N.J., S.G. Hinch, M.R. Donaldson, N.B. Furey, D.A. Patterson, D.W. Roscoe, and S.J. Cooke. 
In press. Alterations to dam-spill discharge influence sex-specific activity, behaviour and passage 
success of migrating adult sockeye salmon. Ecohydrology DOI: 10.1002/eco.1440. 

Cooke, S. J., Lapointe, N. W. R., Martins, E. G., Thiem, J., Raby, G. D., Taylor, M., Beard Jr. T. D. and 
Cowx, I. G. 2013. Failure to engage the public in issues related to inland fish and fisheries: the 
way forward for building public and political will to promote meaningful conservation. Journal of 
Fish Biology, 83:997-1018. 

Cooke, S.J., Donaldson, M.R., O’Connor, C.M., Raby, G.D., Arlinghaus, R., Danylchuk, A.J., Hanson, 
K.C., Hinch, S.G., Clark, T.D., Patterson, D.A., Suski, C.D. The physiological consequences of 
catch-and-release angling: perspectives on experimental design, interpretation, extrapolation, and 
relevance to stakeholders. Fisheries Management and Ecology, in press.  

Cooke, S.J., V. Nguyen, K.J. Murchie, J.D. Thiem, M.R. Donaldson, S.G. Hinch, R.S. Brown and A. 
Fisk. In Press. To Tag or Not To Tag: Animal Welfare, Conservation and Stakeholder 
Considerations In Fish Tracking Studies That Use Electronic Tags. Journal of International 
Wildlife Law & Policy. 00:000-000 

Cooke, S.J., and S.G. Hinch (2013). Improving the reliability of fishway attraction and passage 
efficiency estimates to inform fishway engineering, science, and practice. Ecological Engineering 
58:123-132. 

Collins, A.L., Hinch, S.G., Welch, D.W., Cooke, S.J., and T.D. Clark. 2013. Intracoelomic acoustic 
tagging of juvenile sockeye salmon: swimming performance, survival, and post-surgical wound 
healing in freshwater and during a transition to seawater. Transactions of the American Fisheries 
Society 142:515-523. 

Donaldson, M.R., S.G. Hinch, G.D. Raby, D.A. Patterson, A.P. Farrell, and S.J. Cooke. 2012. 
Population-specific consequences of fisheries-related stressors on adult sockeye salmon. 
Physiological and Biochemical Zoology (focused issue on intraspecific variation in physiology and 
behaviour) 85:729-739. 

Donaldson, M.R., G.D. Raby, V.N. Nguyen, S.G. Hinch, D.A. Patterson, A.P. Farrell, M. Rudd, L.A. 
Thompson, C.M. O’Connor, A.H. Colotelo, S.H. McConnachie, K.V. Cook, D. Robichaud, K.K. 
English, and S.J. Cooke. 2013. Evaluation of a simple technique for recovering Pacific salmon 
from capture stress: integrating comparative physiology, biotelemetry, and social science to solve 
a conservation problem. Canadian Journal of Fisheries and Aquatic Sciences 70:90-100. 

Drenner, S.M., S.G. Hinch, E.G. Martins, D. Robichaud, L.A. Thompson, D.A. Patterson, S.J. Cooke 
and R.E. Thomson. In Press. Variable thermal experience and diel thermal patterns of homing 
sockeye salmon in coastal marine waters. Marine Ecology Progress Series. 00:000-000. 

Eliason, E.J., S.M. Wilson, A.P. Farrell, S.J. Cooke, and S.G. Hinch. Low cardiac and aerobic scope in a 
coastal population of sockeye salmon with a short upriver migration. Journal of Fish Biology 82: 
2104-2112. 

Eliason, E.J., T.D. Clark, S.G. Hinch, A.P. Farrell. 2013. Cardiorespiratory performance and blood 
chemistry during swimming and recovery in different populations of adult sockeye salmon. 
Comparative Biochemistry and Physiology A 166: 385-397 
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Eliason, E.J., T.D. Clark, S.G. Hinch, A.P. Farrell. 2013. Cardiorespiratory collapse at high temperature 
in swimming adult sockeye salmon. Conservation Physiology 1: doi:10.1093/conphys/cot008 

Gale, M.K., Hinch, S.G., Donaldson, M.R. 2013. The role of temperature in the capture and release of 
fish. Fish and Fisheries 14: 1-33 

Gingras, I., V. Nguyen, S.G. Hinch, S.J. Cooke, and N. Young. Mobilizing new science into 
management practice: the challenge of acoustic telemetry for fisheries management, a case study 
of Canada’s Fraser River. International Journal of Water, Law and Policy. Accepted. 

Jeffries, K. M., Hinch, S. G., Sierocinski, T., Pavlidis, P., Miller, K. M. Transcriptomic responses to 
high water temperature in two species of Pacific salmon. Evolutionary Applications, In press. 

Martins, E. G., Gutowsky, L. F. G., Harrison, P. M., Patterson, D. A., Power, M., Zhu, D., Leake, A. and 
Cooke, S. J. Accepted. Forebay use and entrainment rates of resident adult fish in a large 
hydropower reservoir. Aquatic Biology. 

Nguyen,V.M., Martins, E.G., Robichaud, D., Raby, G.D., Donaldson, M.R., Lotto, A.G., Willmore, 
W.G., Patterson, D.A., Farrell, A.P., Scott, S.G., and Cooke, S.G. In Press. Disentangling the roles 
of air exposure, gillnet injury, and facilitated recovery on the post-capture and release mortality 
and behavior of adult migratory sockeye salmon (Oncorhynchus nerka) in freshwater. 
Physiological and Biochemical Zoology. 

Nguyen, V.M., Rudd, M.A., Hinch, S.G., Cooke, S.J. (2013). Recreational anglers' attitudes, beliefs, and 
behaviours related to catch-and-release practices of Pacific salmon in British Columbia. Journal of 
Environmental Management 128: 852-865. 

Nguyen, V.M., Raby, G.D., Hinch, S.G., Cooke, S.J. Aboriginal fisher perspectives on use of telemetry 
technology to study adult Pacific salmon. Knowledge and Management of Aquatic Ecosystems, in 
press.  

Raby, G.D., M.R. Donaldson, V.M. Nguyen, M.K. Taylor, N.M. Sopinka, K.V. Cook, D.A. Patterson, D. 
Robichaud, S.G. Hinch, and S.J. Cooke. In Review. Bycatch mortality of endangered coho salmon: 
impacts, solutions, and aboriginal perspectives. Ecological Applications. 

Raby, G.D., S.J. Cooke, K.V. Cook, S.H. McConnachie, M.R. Donaldson, S.G. Hinch, C.K. Whitney, 
S.M. Drenner, D.A. Patterson, T.D. Clark, and A.P. Farrell. 2013. Resilience of pink salmon and 
chum salmon to simulated capture stress incurred upon arrival at spawning grounds. Transactions 
of the American Fisheries Society 142:524-539. 

Robinson, K.A., Hinch, S.G., Gale, M.K., Clark, T.D., Wilson, S.M., Donaldson, M.R., Farrell, A.P., 
Cooke, S.J., Patterson, D.A. (2013). Effects of post-capture ventilation assistance and elevated 
water temperature on sockeye salmon in a simulated capture-and-release experiment. 
Conservation Physiology 10.1093/conphys/cot015  

Sopinka, N.M., Hinch, S.G., Lotto, A.G., Whitney, C. and Patterson, D.A. In press. Does among-
population variation in burst swim performance of sockeye salmon fry reflect difficulty of early 
life migrations? Journal of Fish Biology. DOI: 10.1111/jfb.12225 

Teffer, A.K. (in press). Executive summary of the AFS 2013 symposium “Ecosystems Connections: 
Watershed Health, Anadromous Species, and Ocean Production,” Fisheries. 

Taylor M.K., Hasler C.T, Hinch S.G., Lewis B., Schmidt D.C., Cooke S.J. In press. Reach-scale 
movements of bull trout (Salvelinus confluentus) relative to hydropeaking operations in the 
Columbia River, Canada. Ecohydrology DOI: 10.1002/eco.1429 
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Taylor MK, Hasler CT, Findlay CS, Lewis B, Schmidt DC, Hinch SG, Cooke SJ. In press. Hydrologic 
correlates of bull trout (Salvelinus confluentus) swimming activity in a hydropeaking river. River 
Research and Applications DOI: 10.1002/rra.2673 

Wilson, S. M., Hinch S. G., Eliason, E. J., Farrell, A. P., Cooke, S. J. 2013. Calibrating acoustic 
acceleration transmitters for estimating energy use by wild adult Pacific salmon. Comp. Bioc. Phys. 
A – 164(3): 491-498. 

Wilson, S.M., Hinch, S.G., Raby, G.D., Burnett, N.J., Cooke, S.J. Looking beyond the mortality of 
bycatch: sublethal effects of incidental capture on marine animals. Biol. Cons. – accepted 

Whitney, C.K., Hinch, S.G., Patterson, D.A. 2013. Provenance matters: thermal reaction norms for 
embryo survival among sockeye salmon Onchorhynchus nerka populations. Journal of Fish 
Biology 82:1159-1176. 

b) Refereed	
  journal	
  articles	
  (7	
  total)	
  –	
  submitted	
  

Cook, K.V., S.G. Hinch, K. M. Gilmour, and S. J. Cooke. The stress response predicts migration failure 
but not migration rate in a semelparous fish. Submitted to General and Comparative 
Endocrinology  

Donaldson, M.R., S.G. Hinch, C.D. Suski, A.T. Fisk, M.R. Heupel, and Cooke, S.J. In review. Making 
connections in aquatic ecosystems with acoustic telemetry monitoring. Submitted to Frontiers in 
Ecology and the Environment. 

Gale, M. K., Hinch, S. G., Cooke, S. J., Donaldson, M. R., Eliason, E. J., Jeffries, K. M., Martins, E. G. 
and Patterson, D. A. Predicting sex-specific mortality of captured and released sockeye salmon at 
various temperatures using physiological indices. Submitted to Canadian Journal of Fisheries and 
Aquatic Sciences. 

Raby, G.D., M.R. Donaldson, V.M. Nguyen, M.K. Taylor, N.M. Sopinka, K.V. Cook, D.A. Patterson, D. 
Robichaud, S.G. Hinch, and S.J. Cooke. In Review. Bycatch mortality of endangered coho salmon: 
impacts, solutions, and aboriginal perspectives. Ecological Applications. 

Sopinka, N.M., Hinch, S.G., Middleton, C.T., Hills, J.A., Lesko, M.A. and Patterson, D.A. Mother 
knows best, even when stressed? Maternal exposure to a stressor alters offspring performance at 
different life stages in a wild semelparous fish. Submitted to Oecologia  

Wilson, S. M., Hinch, S. G., Drenner, S. M., Martins, E. G., Furey, N. B., Patterson, D. A., Welch, D. W. 
and Cooke, S. J. Coastal marine and in-river migration behaviour of adult sockeye salmon en route 
to spawning grounds. Submitted to Marine Ecology Progress Series. 

Wilson, S.M., Taylor, J.J., Mackie, T.A., Patterson, D.A., Cooke, S.J., Willmore, W.G. 2013. 
Investigating oxidative stress as a mechanism for senescence in adult pink salmon (Oncorhynchus 
gorbuscha) during spawning migration. Phys. Bioc. Zool. – submitted. 

c) Conference	
  presentations	
  (4	
  total)	
  –	
  invited	
  

Martins, E. G. Modeling fish movements and visualizing their behaviour in a highly dynamic 
environment. OTN Canada Third Symposium, Halifax, NS. June 2013. 

Miller, K. Merging genomics and acoustic tracking. OTN Canada Third Symposium, Halifax, NS. June 
2013. 
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Cooke, S.J. Biological effectiveness of fishway passage. International Conference on Engineering and 
Ecohydrology for Fish Passage, Oregon State University, Corvallis, USA. June 25-27, 2013 
(plenary talk) 

Teffer, A.K., Hinch, S.G, Miller, K., Cooke, S.J., Farrell, A.P. and F. Juanes. “Fish disease as a 
management concept, concern and consideration” Ecosystems Connections Symposium. American 
Fisheries Society Annual Meeting, Little Rock, AR. September 2013 

d) Conference	
  presentations	
  (22	
  total)	
  –	
  contributed	
  

Bett, N., S.G. Hinch, K.M. Miller, S.J. Cooke. 2013. Olfactory Gene Regulation In A Regulated River: 
Understanding The Effects Of Altered Flow Patterns On Sockeye Salmon Homing. 
International Conference on Engineering and Ecohydrology for Fish Passage, Oregon State 
University, Corvallis, USA. June 25-27, 2013  

Burnett, N.J., S.G. Hinch, M.R. Donaldson, N.B. Furey, D.A. Patterson, D.W. Roscoe, and S.J. Cooke. 
2013. Acoustic accelerometer transmitters: effective tools for monitoring the activity and 
behaviour of adult sockeye salmon in turbulent flows. Poster presentation at the annual Ocean 
Tracking Network (OTN) Canada symposium. Halifax, Nova Scotia. June 3. 

Burnett, N.J., S.G. Hinch, M.R. Donaldson, N.B. Furey, D.A. Patterson, D.W. Roscoe, and S.J. Cooke. 
2013. “Alterations to dam-spill discharge influence sex-specific activity, behaviour and passage 
success of migrating adult sockeye salmon.” International Conference on Engineering and 
Ecohydrology for Fish Passage, Oregon State University, Corvallis, USA. June 25-27, 2013  

Clark, T.D., S.G. Hinch, D.W. Welch. 2013. Outmigrations of wild sockeye salmon smolts through 
diverse and predator-rich habitats. Second International Conference on Fish Telemetry, 
Grahamstown South Africa, July 14-19 2013. 

Donaldson, M.R., S.G. Hinch, C.D. Suski, A.T. Fisk, M.R. Heupel, and S.J. Cooke. 2013. Making 
connections in aquatic ecosystems with acoustic telemetry. Ocean Tracking Network 
Symposium, Halifax, Nova Scotia. June 3, 2013. 

Drenner, S.M., S.G. Hinch, N.B. Furey, T.D. Clark, K.M. Miller. 2013. Tracking the fate of coastally 
migrating adult sockeye salmon using gene expression. The 3rd Ocean Tracking Network 
(OTN) Canada Symposium, Dalhousie Univeristy, NS Canada June 3, 2013. 

Furey, NB, SG Hinch, TD Clark, EL Rechisky, M Gale, K Jeffries, and DW Welch. 2013. 
Characterizing sockeye salmon smolt outmigrations using acoustic telemetry and the Ocean 
Tracking Network. Oral presentation at the annual Ocean Tracking Network Canada (OTN) 
symposium. Halifax, Nova Scotia. June 4. 

Hinch, S.G. 2013. When The Going Gets Tough, The Tough Get Going: Sex-Specific Differences In 
Adult Salmon Passage Success. International Conference on Engineering and Ecohydrology for 
Fish Passage, Oregon State University, Corvallis, USA. June 25-27, 2013. 

Miller, K.M. 2013. Are salmon really healthier in years of good ocean productivity? Annual Conference 
of the North Pacific Anadromous Fisheries Commission, Honolulu, Hawaii, April 22, 2013.  

Raby, G.D., T.D. Clark, N.M Sopinka, N.N. Bett, S.W. Wilson, E.J. Eliason, W.G. Willmore, S.G. 
Hinch, A.P. Farrell, and S.J. Cooke. Physiological responses of coho salmon to simulated 
fisheries capture. SEB Annual Meeting. Valencia, Spain. July 6, 2013. 

Raby, G.D., M.R. Donaldson, V.M. Nguyen, S.G. Hinch, D.A. Patterson, D. Robichaud, K.K. English, 
A.P. Farrell, and S.J. Cooke. 2013. Bycatch of endangered coho salmon in an aboriginal fishery: 
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measuring impacts and evaluating solutions. Canadian Conference for Fisheries Research, 
Windsor, Ontario, Canada. January 5.  

Rechisky, E., D. Welch, A. Porter, S. Hinch, T. Clark, N.B. Furey, B. Riddell. 2013. Relative survival 
and residence time of juvenile sockeye in the Strait of Georgia and Discovery Passage. Oral 
presentation at the CSAS State of the Pacific Ocean. Sidney, British Columbia. February 20-21. 

Sopinka, N.M., Middleton, C.T., Lesko, M.A., Patterson, D.A. and Hinch, S.G. 2013. From one 
generation to the next: intergenerational effects of stress in sockeye salmon. Canadian 
Conference for Fisheries Research, Windsor, Ontario, Canada Jan 5. 2013 

Sopinka, N.M., Middleton, C.T., Lesko, M.A., Patterson, D.A. and Hinch, S.G. 2013. Intergenerational 
effects of stress in Fraser River sockeye salmon. American Fisheries Society Washington-
British Columbia Chapter Annual General Meeting, Lake Chelan, Washington, USA March 
28th 2013. *Won Best Student Oral Presentation 

Sopinka, N.M., Hinch, S.G., Middleton, C.T., Hills, J.A., Healy, S.J., Lesko, M.A. and Patterson, D.A. 
2013. Mothers may know best, even when stressed: intergenerational effects of stress in 
sockeye salmon. Society for Experimental Biology Annual Meeting, Valencia, Spain July 3rd – 
6th, 2013 

Teffer, A.K., Hinch, S.G., Miller, K., Jeffries, K.M., Patterson, D.A. and F. Juanes. “Disease potential in 
coho salmon: Effects of high water temperature and fisheries capture” Pacific Ecology and 
Evolution Conference. Bamfield, Canada. February 28 – March 1, 2013. 

Teffer, A.K., Hinch, S.G, Miller, K., Jeffries, K.M., Patterson, D.A. and F. Juanes. “Disease potential of 
coho salmon: Effects of high water temperature and fisheries capture” Joint Western Fish 
Disease Workshop & AFS Fish Health Section Meeting. Port Townsend, WA. June 18-20, 
2013. *won Snieszko Student Travel Award 

Teffer, A.K., Hinch, S.G, Miller, K., Jeffries, K.M., Patterson, D.A. and F. Juanes. “Disease potential of 
coho salmon: Effects of high water temperature and fisheries capture” Piloting Big Rivers 
Symposium. Little Rock, AR. September 9-12, 2013. *won Southern New England Chapter 
Student Travel Award. 

Wilson, S.M., Hinch, S.G., Drenner, S.M., Martins, E.G., Patterson, D.A., Cooke, S.J. Coastal marine 
and in-river migration behaviour of adult sockeye salmon en route to spawning grounds. 
Canadian Conference for Fisheries Research, Windsor, Ontario, Canada. January 5. 2013 

Wilson, S.M., Hinch, S.G., Drenner, S.M., Martins, E.G., Patterson, D.A., Cooke, S.J. Coastal marine 
and in-river migration behaviour of adult sockeye salmon en route to spawning grounds. 
Ottawa-Carleton Institute for Biology Conference, Ottawa, Canada. May 2-3rd, 2013  

Wilson, S. M., Hinch S. G., Eliason, E. J., Farrell, A. P., Cooke, S. J. Coastal marine and in-river 
migration behaviour of adult sockeye salmon en route to spawning grounds. Ocean Tracking 
Network Canada Symposium – June 3rd – 6th, 2013  

Wilson, S.M., Hinch, S.G., Drenner, S.M., Martins, E.G., Patterson, D.A., Cooke, S.J. Behaviour, 
energetic and physiological correlates of coastal marine and estuary passage of adult sockeye 
salmon en route to spawning grounds. Society for Experimental Biology, July 3rd – 6th, 2013 
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10.	
  Other	
  contributions	
  and	
  deliverables	
  

c)	
   Invited	
  or	
  contributed	
  presentation/contribution	
  at	
  a	
  workshop	
  

Bett, N., Hinch, S.G., Miller, K., Yun, S., Patterson, D. & Cooke, S. 2013. Olfaction during Pacific 
Salmon homing. 5th annual workshop on Salmon Migrations, Climate Change, and 
Capture/Release Fisheries. University of British Columbia. Vancouver, British Columbia. 
February 7. 

Burnett, N.J., S.G. Hinch, D.A. Patterson, S.J. Cooke. 2013. Activity and swimming behaviour of adult 
Gates Creek sockeye during dam approach. 5th annual workshop on Salmon Migrations, 
Climate Change, and Capture/Release Fisheries. University of British Columbia. Vancouver, 
British Columbia. February 7. 

Cooke, S.J. Sept 2013. State of aquatic science in Canada. NSERC/Japan Science and Technology 
funding program meeting in Tokyo.  

Drenner, S.M., E.G. Martins, L.A. Thompson, D.A. Patterson, D.D. Robichaud, R.E. Thomson, S.G. 
Hinch. 2013. Thermal experience of adult sockeye salmon in the Strait of Georgia. 5th annual 
workshop on Salmon Migrations, Climate Change, and Capture/Release Fisheries. University 
of British Columbia. Vancouver, British Columbia. February 7. 

Eliason, E., C. Whitney, Z. Chen, N. Sopinka, M. Gale, S.G. Hinch, and A.P. Farrell. 2013. Local 
adaptation in sockeye salmon: Population differences in thermal tolerance & performance. 
Workshop on salmon migration, climate change and catch and release fisheries, University of 
British Columbia, Vancouver, BC, Canada. Feb 7, 2013. 

Furey N.B., S.G. Hinch, M. Gale, T. Clark, E. Rechisky, D. Welch. 2013. Movement and survival of 
out-migrating Fraser River sockeye salmon smolts in freshwater and marine environments. 5th 
annual workshop on Salmon Migrations, Climate Change, and Capture/Release Fisheries. 
University of British Columbia. Vancouver, British Columbia. February 7. 

Martins, E. G., Gutowsky, L. F. G., Harrison, P. M., Langford, M., Jonsen, I., Mills-Flemming, J., Leake, 
A., Patterson, D. A., Zhu, D., Power, M. and Cooke, S. J. Entrainment vulnerability of adult 
bull trout and burbot at Mica Dam. NSERC HydroNet 3rd Annual Symposium, Montreal, QC. 
April 2013. 

Martins, E. G., Gutowsky, L. F. G., Harrison, P. M., Langford, M., Patterson, D. A., Zhu, D., Power, M. 
and Cooke, S. J. Entrainment vulnerability of bull trout and burbot at Mica Dam. Mica-
Revelstoke Fish Entrainment Strategy Detailed Assessment Phase Workshop, Revelstoke, BC. 
March 2013. 

Raby, G.D., S.G. Hinch, D.A. Patterson, and S.J. Cooke. 2013. Short-term survival, stock composition, 
and post-release behaviour of coho salmon seined in Juan de Fuca Strait. 5th annual workshop 
on Salmon Migrations, Climate Change, and Capture/Release Fisheries. University of British 
Columbia. Vancouver, British Columbia. February 7. 

Robinson, K.A., S.G. Hinch, G.D. Raby, M.K. Gale, and S.J. Cooke. Facilitated recovery of sockeye 
salmon following capture in fresh water. Workshop on Salmon Migrations, 5th annual 
workshop on Salmon Migrations, Climate Change, and Capture/Release Fisheries. University 
of British Columbia. Vancouver, British Columbia. February 7. 

Sopinka NM, Patterson D, Hinch S. 2013. Intergenerational effects of stress in sockeye salmon. 
Workshop on Salmon Migrations, 5th annual workshop on Salmon Migrations, Climate Change, 
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and Capture/Release Fisheries. University of British Columbia. Vancouver, British Columbia. 
February 7. 

Teffer, A.K., Hinch, S., Miller, K., Patterson, D. & K. Jeffries. 2013 Disease potential in coho salmon: 
high water temperature and capture/release. 5th annual workshop on Salmon Migrations, 
Climate Change, and Capture/Release Fisheries. University of British Columbia. Vancouver, 
British Columbia. February 7. 

Teffer, A.K., Hinch, S.G, Miller, K., Jeffries, K.M., Patterson, D.A. and F. Juanes. “Stress related 
disease potential of adult salmon in freshwater and the use of qPCR as a diagnostic tool” 
Salmon Disease Workshop, Corvallis OR. July 15-26, 2013. 

Wilson, S.M., Hinch, S.G., Drenner, S.M., Martins, E.G., Patterson, D.A., Cooke, S.J. Coastal marine 
and in-river migration behaviour of adult sockeye salmon en route to spawning grounds. 5th 
annual workshop on Salmon Migrations, Climate Change, and Capture/Release Fisheries. 
University of British Columbia. Vancouver, British Columbia. February 7. 

d)	
   Invited	
  or	
  contributed	
  presentation/contribution	
  at	
  a	
  seminar	
  series	
  

Eliason, E. Local adaptation and temperature tolerance in sockeye salmon. Les Ecologistes Seminar 
Series. Simon Fraser University, Jan 24, 2013 

Eliason, E. Local adaptation and thermal tolerance in adult migrating Fraser River sockeye salmon 
populations. Northwest Fisheries Science Center (NOAA) Monster Seminar JAM Series. Seattle, 
WA. Jan 17, 2013 

Jeffries, K.M., Hinch, S.G., Miller, K.M. Physiological effects of water temperature on Pacific salmon. 
Seminar for the Department of Wildlife, Fish, and Conservation Biology, University of California 
at Davis, Davis, California, U.S.A. Oct. 2012. 

Sopinka, N.M. 2013. Mother dearest or mother dreariest? Maternal stress, egg cortisol and sockeye 
salmon swim performance. Comparative Physiology Seminar Series, University of Ottawa, Ottawa, 
Ontario, Canada October 23, 2013. 

Sopinka, N.M. 2013. Won’t somebody please think of the children?! Intergenerational effects of stress 
in sockeye salmon. Department of Forest and Conservation Sciences Seminar Series, University of 
British Columbia, Vancouver, British Columbia, Canada March 6th 2013. 

e)	
   Data	
   reports,	
   technical	
   reports,	
   manuscript	
   reports,	
   advisory	
   documents,	
   briefing	
   notes,	
  
handbook	
  or	
  guide,	
  checklist,	
  barcode,	
  CTD	
  casts,	
  and/or	
  Glider	
  runs,	
  as	
  well	
  as	
  a	
  contribution	
  to	
  
a	
  larger	
  piece	
  of	
  work	
  in	
  any	
  of	
  the	
  former	
  	
  

Welch, D.W., A.D. Porter, E. L. Rechisky, W.C. Challenger and S. G. Hinch. 2013. Critical Periods in 
the Marine Life History of Pacific Salmon? North Pacific Anadromous Fish Commission, 
Technical Report No. 9: in press. 

Casselman, M.T., N.J. Burnett, N.N. Bett, D. McCubbing, and S.G. Hinch. 2013. BRGMON-14 
Effectiveness of Cayoosh flow dilution, dam operation, and fishway passage on delay and survival 
of upstream migration of salmon in the Seton-Anderson watershed. Annual Report – 2012. Report 
prepared for St’át’imc Government Services and BC Hydro. The University of British Columbia, 
Vancouver, BC. 60 p + 9 Apps. 
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Raby, G.D., S.G. Hinch, and S.J. Cooke. 2012. Short-term post-release survival of coho salmon caught 
by purse seine in Area 20. Technical report prepared for the Area B Seine Society and the Pacific 
Salmon Commission.  

Rechisky, EL, DW Welch, AD Porter, MK Gale, TD Clark, NB Furey, and SG Hinch. 2013. Telemetry-
based estimates of early marine survival and residence time of juvenile Sockeye Salmon in the 
Strait of Georgia and discovery passage, 2012. pages 131-134 in Irvine, JR, and WR Crawford 
(eds). State of physical, biological, and selected fishery resources of Pacific Canadian marine 
ecosystems in 2012. DFO Can. Sci. Advis. Sec. Res. Doc. 2013/032. Available at http://www.dfo-
mpo.gc.ca/Csas-sccs/publications/resdocs-docrech/2013/2013_032-eng.pdf 

Rechisky, E.L., S.G. Hinch, M. Gale, K. Jeffrie2, A.D. Porter, and D.W. Welch. 2013. Assessing river 
and coastal ocean survival and movement rates of Chilko Lake sockeye salmon smolts: 2012 study. 
Final Report to Pacific Salmon Foundation. 

Sopinka, N.M. 2012. A Stressful Tale: Intergenerational effects of stress in sockeye salmon. Branchlines, 
23 (3): 13-14. 

g)	
   Invited	
  or	
  contributed	
  consultation	
  with	
  an	
  agency;	
  public	
  or	
  private	
  

Miller met with aquaculture industry representatives numerous times throughout the year to solicit their 
collaboration in our Genome BC (OTN linked and leveraged) funded project; a material transfer 
agreement was signed in May 2013 with industry representatives, and collections of fish tissues from 
farms ensued thereafter.  
August 14, 2013 – Greg Taylor of the Pacific Salmon Commission requested a detailed protocol of the 
reflex action mortality predictors assessment method developed by Raby for predicting mortality of 
coho salmon released by purse seines (and other fisheries). That protocol is under development and an 
instructional video will also be provided, with a view to having the assessment method implemented in 
fisheries observers programs in British Columbia.  

h)	
   Books	
  

Cooke, S.J., Hinch, S.G., Lucas, M.C., Lutcavage, M. 2013. Biotelemetry and biologging. In A.V. Zale, 
D.L. Parrish, and T.M. Sutton, [eds.]. Chapter 18. Fisheries Techniques, Third Edition. American 
Fisheries Society, Bethesda, Md. 

i)	
   Reference	
  or	
  training	
  tools/materials	
  	
  

Cooke, S.J., & Midwood, J. 2013. Training materials for researchers working on fish in Canada. 
Canadian Council on Animal Care (includes online module, reading notes and test). 

j)	
   Internet	
  publishing,	
  portal,	
  blog,	
  electronic	
  publications	
  	
  

Sopinka N.M. 2012. Bridging the telemetry gap: transgenerational effects of stress in Pacific salmon. 
OTN Global News. Article link here. (http://otncanada.org/news/2012-otn-canada-november-
news-bulletin) 

 

 



Ocean Tracking Network Canada Annual Reports Year 4 (2013)	
   Iverson et al. 158749 
 

	
  
Projects III.1 and III.2: Pacific Arena Projects  Page 143  Page 143	
  

k)	
   Anything	
  else	
  that	
  isn't	
  a	
  primary	
  publication	
  that	
  has	
  you	
  communicating	
  with	
  others	
  

Nathan Furey provided some details on his thesis and OTN-related research on the UBC Graduate 
Studies webpage after being awarded a Vanier Graduate Scholarship (https://www.grad.ubc.ca/campus-
community/meet-our-students/furey-nathan). 

Donaldson, M.D., N.N. Bett, N.J. Burnett, A.G. Lotto, S.J. Cooke, and S.G. Hinch. 2012. Spotlight on 
research. Canadian Aquatic Resource Section – The Lateral Line. CARS Oct 2012 Issue. 

Wilson, S.M. Assessing energy use in sockeye salmon via novel acoustic acceleration transmitters. 
Ocean Tracking Network Canada News Bulletin 2:1 (http://otncanada.org/news/march-2013-
bulletin) 

Newspaper article in ‘Lillooet News’ (Lillooet BC) titled “Sockeye salmon in Seton channel” covering 
the research program being carried out by Casselman, Bett, Burnett, and Middleton. 
Raby contributed field photos to OTN headquarters as part of a photo contest and won that contest – one 
of the photos is now used in the current OTN brochure. 
Sopinka N.M. featured in OTN HQP Spotlight. Ocean Tracking Network (OTN) Canada News 
Bulletin,1(3), 2.  
Sopinka, N.M. and Raby, G.D. gave presentation and lab tour to families attending UBC’s Alumni 
Weekend in May 2013. 
Sopinka, N.M. photo of sockeye salmon eggs wins best “pretty” picture at annual OTN meeting in 
Halifax.  
Natalie Sopinka, Kendra Robinson and Graham Raby founded the British Columbia Student Subunit of 
the American Fisheries Society (AFS) in 2012 and have been involved with the Subunit to present. The 
Subunit holds networking and socializing events for fisheries students in BC. The Subunit regularly 
updates its website and Facebook page with fisheries related news, job opportunities, scholarships and 
conferences. Natalie regularly contributes Subunit updates to the AFS Washington-British Columbia 
Chapter newsletter, The Confluence. 
Natalie Sopinka led the fundraising efforts for the silent auction held at the 2013 AFS Washington-
British Columbia Chapter Annual General Meeting. OTN was a prize donor and all proceeds fund 
student scholarships and research. Natalie presented her OTN research at the meeting and won best 
student oral presentation.  

l)	
   Leveraging	
  your	
  research/funds	
  in	
  order	
  to	
  make	
  a	
  new	
  contribution	
  to	
  another	
  initiative	
  

We are aware of several grants and funding requests that are either submitted or in development that 
leverage the OTNC NSERC or CFI grants, or their current infrastructure, including:  
A new collaborative research program centered on salmon health was developed by DFO (Miller), the 
Pacific Salmon Foundation, Genome BC, and the US Geological Survey Fish Health laboratory that 
seeks a greater understanding of the role of infectious disease in shifting productivity dynamics of wild 
salmon populations. Phase 1 of this four phase program has been approved for funding (Genome BC is 
providing 200K of the 937K phase 1 project). Phase 2a is at final sign-off, and will finalize the 
development and performance evaluation of the Fluidigm pathogen monitoring system being applied in 
this program. Phase 2b will proceed in 2014-2015 and will involve leveraging using OTN infrastructure 
and HQP; salmon acoustically tracked in Pacific OTN projects will be among those analyzed using the 
high throughput microbe surveillance technology.  
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Kristi Miller (DFO) and Hinch each submitted proposals to the Southern Endowment Fund of the 
Pacific Salmon Commission for smolt sampling and genomics work. OTNC infrastructure and data are 
key aspects of the leveraging.  
Timber Whitehouse (DFO) submitted a proposal to the Southern Endowment Fund of the Pacific 
Salmon Commission to capture and assess downstream migrating smolts. OTN tags and HQP will be 
used at their capture site. 

David Patterson (DFO) has submitted a proposal for funding from the Southern Endowment Fund of the 
Pacific Salmon Commission to improve models for predicting escapement adjustments. These 
incorporate OTNC based telemetry results on adult sockeye mortality estimates.  
David Welch (Kintama Ltd) is developing a large research proposal to study impacts of fish farms on 
wild Pacific salmon migrations and survival (TEFFS) for consideration by DFO, industry and private 
foundations. OTNC infrastructure is a key component to the proposal.  

Scott Hinch, Nathan Furey, and Timber Whitehouse (DFO) submitted a proposal to the Southern 
Endowment Fund of the Pacific Salmon Commission to assess movements of bull trout predating on 
out-migrant sockeye salmon from Chilko Lake. OTN receivers and HQP would be used at their capture 
site. 

Nathan Furey submitted a proposal to the Fisheries Society of the British Isles Research Grants Program 
to assess movements of bull trout during sockeye salmon smolt out-migration from Chilko Lake. OTN 
receivers and HQP would be used at their capture site. 
Cooke was nominated for a Pew Fellowship in Marine Conservation. If funded (will hear in late 2013) it 
would provide additional support for research on fisheries impacts in marine waters. 

m)	
   A	
  spin-­‐off	
  from	
  the	
  research	
  that	
  provided	
  a	
  new	
  opportunity	
  or	
  new	
  initiative	
  	
  

MSc student Samantha Wilson (and team) developed the first ever calibration of an acoustic 
accelerometer transmitter on fish using swim tunnel respirometry. The equations derived in the study are 
now being used by salmon researchers and has been written up into a paper that is under review.  
PIs Miller, Farrell and Hinch combined Biomarkers predictive of the ‘Mortality-related Signature’ 
(MRS) obtained from telemetered and tracked fish with quantitative assays for 17 salmon pathogens and 
run on the Fluidigm BioMark. They assessed the prevalence of the MRS across tissues, years and stocks 
and to begin to identify the pathogens carried by sockeye salmon. The pathogen research was a “proof of 
principle” for a future new project inspired by our finding of: multiple mortality signatures among co-
migrating fish including the activity of various infectious agents, the identification in this program of a 
novel salmon parvovirus, the identification of short sequences from BC salmon that showed high 
homology to the Infectious Salmon Anemia virus (which is not known to be present in BC), and the 
clear lack of knowledge on the pathogens and diseases that may be negatively impacting performance of 
wild BC salmon displayed by fish health researchers testifying at the Cohen Inquiry. 
Sopinka, N.M. is working with Dr. Katie Gilmour (University of Ottawa) to characterize the stress 
response of juvenile sockeye salmon reared from stressed and undisturbed mothers. Using real time 
semi-quantitative PCR, Natalie is measuring mRNA levels of key enzymes involved in the stress axis. 
This collaboration emerged from Natalie’s PhD research on maternal effects of stress on offspring 
behaviour.  
Dr. Ken Jeffries (OTN PDF) recently became a PDF at University of California (Davis). He took the 
skills and techniques he learned in the Hinch and Miller labs and wrote a proposal upon his arrival at 
UCDavis to the Delta Science Program and California Sea Grant in order to characterize the temperature 
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stress response in two endangered fish species in California and abundant invasive species, and to 
compare the transcriptomic responses to temperature and develop an ultra high-throughput qPCR assay 
for monitoring wild fish in the San Francisco Bay. He was just awarded as the PI $146 983 to conduct 
this research over the next three years. Project title "The physiological effects of elevated water 
temperature on three species of fish in the San Francisco Bay-Sacramento/San Joaquin Rivers Delta 
system: Using ecological genomics to understand the potential impacts of climate change on native and 
non-­‐native fishes."  

n)	
   A	
  new	
  technology,	
  method,	
  protocol,	
  measure,	
  analytical	
   technique,	
  algorithm,	
  operational	
  or	
  
numerical	
   model,	
   or	
   predictive	
   tool.	
   Include	
   the	
   validation	
   of	
   any	
   of	
   the	
   former	
   and	
   their	
  
practical	
  application	
  

Eduardo Martins (RA) in collaboration with Joanna Mills-Flemming and Ian Jonsen extended state-
space models to analyze animal movements. The model developed incorporates information on vertical 
movements and a dynamic land mask that identifies locations where animals cannot move to. 

o)	
   A	
  proof	
  of	
  concept	
  in	
  relation	
  to	
  any	
  of	
  the	
  above	
  	
  

The acoustic accelerometry calibrations developed by Sam Wilson were used to estimate swim speed of 
coastally migrating sockeye salmon and by Burnett to estimate energy use and swimming performance 
of sockeye salmon in turbulent flow areas.  

We conducted a proof of concept analysis that combined microbe surveillance of the novel salmon 
parvovirus on tissue samples from adult salmon tracked through OTN, and identified a significant 
association in one Fraser River stock between presence and load of the virus and successful migration. 
This is an extension of the microarray approaches identifying host biomarkers associated with successful 
migration that will be expanded upon in the new salmon microbe program developed under a new 
Genome BC Strategic Initiative.  

Gill samples were taken from outmigrating sockeye smolts that were tagged to assess pathogen status 
and related it to migratory fate. This is the first time the pathogen status of released and tagged smolts 
has been investigated, and we have been able to relate migration survival n the river and early marine 
environments to pathogen presence. A similar study was carried out this year on return-migrating adult 
salmon which were tagged in 2010.  

Multiple tissue samples were compared to assess the accuracy and precision of non-lethal gill and blood 
sampling with lethal multi-tissue pooled samples for pathogen screening via high-throughput qPCR 
techniques outlined in the 2012 report. This information will be applied to future sampling to optimize 
non-lethal sampling for pathogen quantification of wild salmon stocks. 

p)	
   Baseline	
   measures	
   (e.g.	
   reference	
   for	
   change),	
   empirical	
   relations	
   (e.g.	
   rates	
   and	
   states),	
   or	
  
mapping	
  products	
   (e.g.	
   range	
  expansion	
  or	
   contraction)	
   especially	
   if	
   of	
  use	
   to	
  other	
   scientists	
  
and	
  the	
  organizations	
  listed	
  above	
  

As part of the adult salmon migration study on the Seton River, over 600 Gates Creek sockeye salmon, 
over 300 pink salmon, and over 100 Portage Creek sockeye were assessed for base physiological 
conditions including gross somatic energy content and injuries (e.g. fisheries-related). DNA and scale 
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samples were also collected. These data will help improve our understanding of run-timing and 
condition of up-river migrating Fraser sockeye and provide a reference for future years. 

11.	
  Collaborations	
  with	
  industrial	
  and	
  government	
  partners	
  

b)	
  Contributions	
  

Name	
  of	
  supporting	
  organization:	
   Year	
  4	
  
DFO	
  Pacific	
  Region	
   (2013)	
  
Cash	
  contributions	
  to	
  direct	
  costs	
  of	
  research	
   	
  
In-­‐kind	
  contributions	
  to	
  direct	
  costs	
  of	
  research	
   	
  
1) Salaries	
  for	
  scientific	
  and	
  technical	
  staff	
   $64	
  900	
  
2) Donation	
  of	
  equipment,	
  software	
   $34	
  800	
  
3) Donation	
  of	
  material	
   $8	
  000	
  
4) Field	
  work	
  logistics	
   	
  	
  
5) Provision	
  of	
  services	
   	
  	
  
6) Other	
  (specify):	
  	
   	
  	
  
In-­‐kind	
  contributions	
  to	
  indirect	
  costs	
  of	
  research	
   	
  
1) Use	
  of	
  organization’s	
  facilities	
   	
  	
  
2) Salaries	
  of	
  managerial	
  and	
  administrative	
  staff	
   	
  	
  
3) Other	
  (specify):	
  	
   	
  	
  
Total	
  of	
  all	
  in-­‐kind	
  contributions	
   $107	
  700	
  

 
Name	
  of	
  supporting	
  organization:	
   Year	
  4	
  
Pacific	
  Salmon	
  Commission	
   (2013)	
  
Cash	
  contributions	
  to	
  direct	
  costs	
  of	
  research	
   	
  
In-­‐kind	
  contributions	
  to	
  direct	
  costs	
  of	
  research	
   	
  
1) Salaries	
  for	
  scientific	
  and	
  technical	
  staff	
   $28	
  750	
  
2) Donation	
  of	
  equipment,	
  software	
   	
  	
  
3) Donation	
  of	
  material	
   	
  	
  
4) Field	
  work	
  logistics	
   	
  	
  
5) Provision	
  of	
  services	
   	
  	
  
6) Other	
  (specify):	
  	
   	
  	
  
In-­‐kind	
  contributions	
  to	
  indirect	
  costs	
  of	
  research	
   	
  
1) Use	
  of	
  organization’s	
  facilities	
   	
  	
  
2) Salaries	
  of	
  managerial	
  and	
  administrative	
  staff	
   	
  	
  
3) Other	
  (specify):	
  	
   	
  	
  
Total	
  of	
  all	
  in-­‐kind	
  contributions	
   $28	
  750	
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Name	
  of	
  supporting	
  organization:	
   Year	
  4	
  
Pacific	
  Salmon	
  Foundation	
   (2013)	
  
Cash	
  contributions	
  to	
  direct	
  costs	
  of	
  research	
   $10	
  000	
  
In-­‐kind	
  contributions	
  to	
  direct	
  costs	
  of	
  research	
   	
  
1) Salaries	
  for	
  scientific	
  and	
  technical	
  staff	
   	
  	
  
2) Donation	
  of	
  equipment,	
  software	
   	
  	
  
3) Donation	
  of	
  material	
   	
  	
  
4) Field	
  work	
  logistics	
   	
  	
  
5) Provision	
  of	
  services	
   	
  	
  
6) Other	
  (specify):	
  	
   	
  	
  
In-­‐kind	
  contributions	
  to	
  indirect	
  costs	
  of	
  research	
   	
  
1) Use	
  of	
  organization’s	
  facilities	
   	
  	
  
2) Salaries	
  of	
  managerial	
  and	
  administrative	
  staff	
   	
  	
  
3) Other	
  (specify):	
  	
   	
  	
  
Total	
  of	
  all	
  in-­‐kind	
  contributions	
   	
  

 
Name	
  of	
  supporting	
  organization:	
   Year	
  4	
  
Kintama	
  Research	
  Services	
   (2013)	
  
Cash	
  contributions	
  to	
  direct	
  costs	
  of	
  research	
   	
  	
  
In-­‐kind	
  contributions	
  to	
  direct	
  costs	
  of	
  research	
   	
  
1) Salaries	
  for	
  scientific	
  and	
  technical	
  staff	
   $12	
  500	
  
2) Donation	
  of	
  equipment,	
  software	
   $13	
  500	
  
3) Donation	
  of	
  material	
   	
  	
  
4) Field	
  work	
  logistics	
   $24	
  000	
  
5) Provision	
  of	
  services	
   	
  	
  
6) Other	
  (specify):	
  	
   	
  	
  
In-­‐kind	
  contributions	
  to	
  indirect	
  costs	
  of	
  research	
   	
  
1) Use	
  of	
  organization’s	
  facilities	
   	
  	
  
2) Salaries	
  of	
  managerial	
  and	
  administrative	
  staff	
   	
  	
  
3) Other	
  (specify):	
  	
   	
  	
  
Total	
  of	
  all	
  in-­‐kind	
  contributions	
   $50	
  000	
  

12.	
  Expenditures	
  and	
  Support	
  

e)	
   Conference	
  travel	
  
 

Conference	
   Location	
   Dates	
   	
  Attendee	
   Cost	
  

Intl.	
  Conf.	
  Engineering	
  &	
  
Ecohydrology	
  for	
  Fish	
  Passage	
   Corvallis,	
  OR	
   June	
  25-­‐27,	
  2013	
   S.	
  Cooke,	
  S.	
  Hinch,	
  N.	
  

Burnett,	
  N.	
  Betts,	
  	
   $3	
  800	
  

American	
  Fisheries	
  Society	
  Annual	
  
Meeting	
   Little	
  Rock,	
  AR	
   Sept.	
  8-­‐12,	
  2013	
  	
   A.	
  Teffer	
   $0	
  

Canadian	
  Conf	
  Fish.	
  Res.	
   Windsor,	
  Ont	
   Jan.	
  5-­‐7,	
  2013	
  
S.	
  Hinch,	
  G.	
  Raby,	
  N.	
  
Sopinka,	
  S.	
  Wilson	
   $0	
  

Society for Experimental Biology; Valencia, Spain; June 3-6, 2013; S.Wilson, G. Raby, N. Sopinka; 
$1,400  

Second International Conference on Fish Telemetry; Grahamstown, South Africa; July 14-13, 2013; T. 
Clark; $0 
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Annual Conference of the North Pacific Anadromous Fisheries Commission; Honolulu, HA; K. Miller; 
$0 

American Fisheries Society, BC/WA Chapter Annual Meeting; Lake Chelan, WA; March 28 2013 N. 
Sopinka; $0 

Pacific Ecology and Evolution Conference; Bamfield, BC; February 28 – March 1, 2013; A. Teffer; $0 
American Fisheries Society, Fish Health Section annual Meeting; June 18-20, 2013; A. Teffer; $0 

The very small conference budget that the entire Pacific Arena had was very well spent. We sent several 
HQP to conferences, all of which presented research and in most cases, students had to secure additional 
funds on their own in order to make the trip financially feasible (e.g. through conference and university 
travel awards). Each student only received a small amount of OTN funding to assist. In some cases, 
OTN funding was not used to assist as we also assisted students in their conference travel through other 
grants. Attendance added clear value to the network as students were presenting at very large 
international venues, in addition to smaller, regional ones. Not indicated above are the 7 presentations 
made at the OTN annual conference in Halifax. 
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Ocean	
  Tracking	
  Network	
  Canada	
   	
   	
   	
   	
   	
   NSERC	
  
Progress	
  Report	
  Year	
  4	
  Review:	
  1	
  October	
  2012	
  –	
  30	
  September	
  2013	
  
	
  

IV:	
  OTN	
  Networking	
  and	
  Ocean	
  Governance	
  (Theme	
  5)	
  

1.	
   Project	
  Number:	
  IV 	
  

2.	
   Project	
   Title:	
   Integrating Research and Themes across Arenas and Implications for oceans 
governance (Tracking and Protecting Marine Species at Risk: Scientific Advances, Sea of 
Governance Challenges) 

NOTE: the budgets for these two components (Networking and Ocean Governance) of the Network are 
combined both in the original Phase I proposal and in reporting. This report focuses on Theme 5 
activities, as networking and integration are already described elsewhere throughout this report.	
  

3.	
   Project	
  Leaders: Networking leader - S. Iverson (Dalhousie), Theme 5 leaders - D. VanderZwaag, 
R. Apostle (Dalhousie)	
  
Collaborators:	
  R. Branton, J. Hutchings, C. Taggart, B. Worm (Dalhousie), M. Castonguay, J. Ford 
(DFO), S Cooke (Carleton), J. Duff (SS, U Massachusetts, Boston), A. Fisk (Windsor), M. Litvak 
(Mount Allison), C. Norchi (SS, U Maine), J. Phyne (SS, St. Francis Xavier), M. Robinson-Dorn (SS, 
U California Irvine), P. Saunders (SS, Dalhousie), M. Stokesbury (Acadia), C. Tollefson (U 
Victoria), N. Young (SS, U Ottawa)	
  

4.	
  Public	
  summary	
  of	
  report	
  

Several case studies have been conducted under OTN Canada. Among these case studies are American 
eel, Atlantic sturgeon, Pacific salmon, and grey seal –cod interaction, and the sociology of knowledge. 
These studies explored tracking and scientific status of the marine species, the social and environmental 
threats to these species, as well as governance arrangements and challenges. These case studies have 
been published in a special double issue of the Journal of International Wildlife Law & Policy during 
2013. Work on some of these case studies will continue in 2014 as part of OTN phase II (pending 
budget approval).  
Initial discussions were held with various Australian ocean tracking and management researchers regarding a 
proposed project linking OTN Canada with OTN Global, where Canadian and Australian approaches and 
challenges in tracking and sustaining marine species at risk would be compared. A research proposal has 
been submitted to the Australian Research Council. A decision is expected in early November.  

5.	
  Training	
  of	
  Highly	
  Qualified	
  Personnel	
  

a) HQP	
  and	
  level	
  of	
  support	
  
	
  

Name	
   Title	
  
%	
  Time	
  in	
  
project	
  

%	
  Support	
  
from	
  SNG	
   Dates	
  

Tsafirir	
  Gazit	
   PDF	
   100	
   0	
   1	
  Oct	
  2012	
  -­‐	
  30	
  Sep	
  2013	
  
Cecilia	
  Maria	
  Engler-­‐Palma	
   JSD	
   10	
   0	
   1	
  Oct	
  2012	
  -­‐	
  30	
  Sep	
  2013	
  
Emma	
  Feltes	
   MA	
   5	
   0	
   1	
  Oct	
  2012	
  -­‐	
  30	
  Sep	
  2013	
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6.	
  Progress	
  towards	
  objectives/milestones	
  

a) Overall	
  objectives	
  

The first phase of theme 5 research is completed. Papers have been submitted and published in a double 
issue of the Journal of International Wildlife Law & Policy by social, legal, and natural scientists. 

b) Progress	
  

Interdisciplinary research teams worked on several case studies. All of the following four case studies 
(funded by NSERC) have been completed and met the initial objectives: 

American Eel. Richard Apostle has done contact work in Quebec City at Laval University, at Rimouski 
at the Maurice Lamontagne Institute, and on the eastern shore of Nova Scotia (Head of Jeddore).  

Atlantic Sturgeon. Richard Apostle completed the first phase the fieldwork on and around the Saint John 
River. He interviewed sturgeon fishermen, sturgeon aquaculturists, and relevant natural scientists. In 
addition, he observed tagging operations on the Long Reach section of the Saint John with Andrew 
Taylor, one of Matt Litvak’s graduate students. This case study also required a graduate level Research 
Assistant to aid in the research design and data analysis of the Human Relations Area Files (HRAF). 
This permits us to create historical maps of First Nations and settler utilization of sturgeon for food, 
tools, and ceremonial purposes.  
Atlantic and Pacific Salmon. The Pacific team (Young, Hinch, Cooke) completed an article for the 
special issue of the Journal of International Wildlife Law and Policy. The article addresses the 
challenges of integrating OTN knowledge with fisheries management practice, with a particular 
emphasis on salmon populations in the Fraser River. The article combines concepts from the sociology 
of science with the field experience of several authors.  
Grey Seal – Cod Interaction. A second series of interviews were conducted with various stakeholders. 
These interviews, conducted across the Atlantic Provinces, include natural scientists, environmental and 
other NGOs members, fishermen, tourism operators, government scientists (current and retired), and 
others with interest in the grey seal debate. These interviews, as well as other research methods, focused 
on several dimensions of the grey seal debate including the role of scientific evidence (or lack of), policy 
analysis, economical implications, moral and social values, and more. On the legal dimension of the 
grey seal – cod case study, a thorough analysis of the relevant current legislation was done by Katharine 
Sykes from the Faculty of Law.  

7.	
  Difficulties	
  encountered	
  

	
   No	
  problems	
  occurred	
  during	
  the	
  reporting	
  period	
  	
  

8.	
  Networking	
  and	
  outreach	
  

a) Intra-­‐network	
  collaboration	
  and	
  partner	
  meetings	
  

The various social, legal, and natural scientists research teams have been working closely together on 
their respective case studies. This includes routine meetings and discussions, and in some cases, social 
scientists have accompanied natural scientists and HQPs in the field.  

 



Ocean Tracking Network Canada Annual Reports Year 4 (2013)	
   Iverson et al. 158749 
 

	
  
Project IV: OTN Networking and Ocean Governance (Theme 5) Page 151  Page 151	
  

b) Interaction/outreach	
  to	
  broader	
  community	
  

Interviews were conducted with various stakeholders. This includes OTN and non-OTN scientists and 
technicians, ENGOs members, community leaders, industry, government officials, and others. 

9.	
  Dissemination	
  of	
  information	
  and	
  results	
  

a) Refereed	
  journal	
  articles	
  (9	
  total)	
  –	
  accepted/published	
  

Apostle, R., Dadswell, M.J., Engler-Palma, C., Litvak, M.K., McLean, M.F., Stokesbury, M.J.W., 
Taylor, A.D., VanderZwaag, D.L. (2013) Sustaining Atlantic Sturgeon: Stitching a Stronger 
Scientific and Governance Net. Journal of International Wildlife Law & Policy 16 (2-3), 170-197. 

Davis, B., Vanderzwaag, D.L., Cosandey-Godin, A., Hussey, E.N., Kessel, T.S., Worm. B. (2013) The 
Conservation of the Greenland Shark (Somniosus microcephalus): Setting Scientific, Law, and 
Policy Coordinates for Avoiding a Species at Risk. Journal of International Wildlife Law & Policy 
16, (2-3). 

Duff. J., Dean. H., Gazit. T., Taggart. C.T., Cavanagh. J.H. (2013) On the Right Way to Right Whale 
Protections in the Gulf of Maine – Case Study. Journal of International Wildlife Law & Policy 16, 
(2-3). 

Engler-Palma, C., VanderZwaag, D.L., Apostle, R., Castonguay, M., Dodson, J.J., Feltes, E., Norchi, C., 
White, R. (2013) Sustaining American Eels: A Slippery Species for Science and Governance. 
Journal of International Wildlife Law & Policy 16, (2-3), 128-169. 

Gazit, T., Apostle, R., Branton, R. (2013) Deployment, Tracking and Data Management: Technology 
and Science for a Global Ocean Tracking Network. Journal of International Wildlife Law & 
Policy 16, (2-3),112-127. 

Gazit, T., Lidgard, D., Sykes, K. (2013) Changing Environments: Tracking the Scientific, Socio-
political, Legal, and Ethical Currents of the Grey Seal – Cod Debate in Atlantic Canada. Journal 
of International Wildlife Law & Policy 16, (2-3). 

Phyne, J.G., Stokesbury, M.J.W., McLean, M.F., Saunders, P.M. (2013) Sustainability and the Atlantic 
Bluefin Tuna: Science, Socioeconomic Forces, and Governance. Journal of International Wildlife 
Law & Policy 16, (2-3), 198-226. 

VanderZwaag, D.L., Apostle, R., Cooke, S.J. (2013) Tracking and Protecting Marine Species at Risk: 
Scientific Advances, Sea of Governance Challenges. Journal of International Wildlife Law & 
Policy 16, (2-3), 105-111. 

Young. N., Gingras. I., Nguyen. M.V., Cooke. S.J, Hinch. G.S. (2013) Mobilizing New Science into 
Management Practice: The Challenge of Biotelemetry for Fisheries Management, a Case Study of 
Canada’s Fraser River. Journal of International Wildlife Law & Policy 16, (2-3). 

b) Refereed	
  journal	
  articles	
  (0	
  total)	
  –	
  submitted	
  
  

c) Conference	
  presentations	
  (0	
  total)	
  –	
  invited	
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d) Conference	
  presentations	
  (5	
  total)	
  –	
  contributed	
  

Gazit, T., Apostle, R., Branton, R., “Deployment, Tracking and Data Management - Technology and 
Science for a Global Ocean Tracking Network”. 4th International Conference on Science in 
Society. University of California, Berkeley, USA. November 15 – 17, 2012.  

Gazit, T., Lidgard, D., Sykes, K., “Changing Environments: Tracking the Scientific, Socio-political, 
Legal, and Ethical Currents of the Grey Seal - Cod Debate in Atlantic Canada”. Sustainable 
Oceans 2013: Building Bridges in Ocean Management, Dalhousie University. April 13, 2013. 

Presentations to National Oceanographic and Atmospheric Administration (NOAA) and the Sargasso 
Sea Alliance, Washington DC, May 21, 2013 by David VanderZwaag and Julian Dodson on 
"Sustaining American Eels: A Slippery Species for Science and Management" 

Presentation "Tracking and Protecting Marine Species at Risk: An Update on OTN Interdisciplinary 
Research", OTN Third Annual NSERC Symposium, Dalhousie University, June 4, 2013 

Presentation "Sustaining Atlantic Marine Species at Risk: Scientific and Legal Coordinates, Sea of 
Governance Challenges", Science, Technology, and New Challenges to Ocean Law Conference, 
University of California, Berkeley, October 11-12, 2013 

10.	
  Other	
  contributions	
  and	
  deliverables	
  

11.	
  Collaborations	
  with	
  industrial	
  and	
  government	
  partners	
  

b) Contributions	
  

 

 

 

 

  

 

 

 

  

Name	
  of	
  supporting	
  organization:	
   Year	
  4	
  
Dalhousie	
  University	
   (2013)	
  
Cash	
  contributions	
  to	
  direct	
  costs	
  of	
  research	
    	
  
In-­‐kind	
  contributions	
  to	
  direct	
  costs	
  of	
  research	
   	
  
1) Salaries	
  for	
  scientific	
  and	
  technical	
  staff	
   	
  $51	
  000 	
  
2) Donation	
  of	
  equipment,	
  software	
    	
  
3) Donation	
  of	
  material	
    	
  
4) Field	
  work	
  logistics	
    	
  
5) Provision	
  of	
  services	
    	
  
6) Other	
  (specify):	
  	
    	
  
In-­‐kind	
  contributions	
  to	
  indirect	
  costs	
  of	
  research	
   	
  
1) Use	
  of	
  organization’s	
  facilities	
   $18	
  486	
  	
  
2) Salaries	
  of	
  managerial	
  and	
  administrative	
  staff	
    	
  
3) Other	
  (specify):	
  	
    	
  
Total	
  of	
  all	
  in-­‐kind	
  contributions	
   $69	
  486	
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Name	
  of	
  supporting	
  organization:	
   Year	
  4	
  
SSHRC	
  	
   (2013)	
  
Cash	
  contributions	
  to	
  direct	
  costs	
  of	
  research	
    	
  
In-­‐kind	
  contributions	
  to	
  direct	
  costs	
  of	
  research	
   	
  
1) Salaries	
  for	
  scientific	
  and	
  technical	
  staff	
   $51	
  348	
  	
  
2) Donation	
  of	
  equipment,	
  software	
    	
  
3) Donation	
  of	
  material	
    	
  
4) Field	
  work	
  logistics	
    	
  
5) Provision	
  of	
  services	
    	
  
6) Other	
  (specify):	
  	
    	
  
In-­‐kind	
  contributions	
  to	
  indirect	
  costs	
  of	
  research	
   	
  
1) Use	
  of	
  organization’s	
  facilities	
    	
  
2) Salaries	
  of	
  managerial	
  and	
  administrative	
  staff	
    	
  
3) Other	
  (specify):	
  	
    	
  
Total	
  of	
  all	
  in-­‐kind	
  contributions	
   $51	
  348	
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Ocean	
  Tracking	
  Network	
  Canada	
   	
   	
   	
   	
   	
   NSERC	
  
Progress	
  Report	
  Year	
  4	
  Review:	
  1	
  October	
  2012	
  –	
  30	
  September	
  2013	
  
	
  

V.	
  Ocean	
  Tracking	
  Network	
  Canada	
  Secretariat	
  

1.	
  Project	
  Number:	
  V	
  

2.	
  Project	
  Title:	
  OTN Canada Secretariat	
  

3.	
  Project	
  Leaders:	
  S. Iverson (Scientific Director), K. McKenzie (Network Manager), N. Beauchamp 
(Communications and Public Relations/AA) (Dalhousie)	
  

4.	
  Staff	
  	
  

Personnel	
   Title	
  
%	
  Time	
  in	
  
project	
  

%	
  Support	
  
from	
  SNG	
   Dates	
  

Sara	
  Iverson	
   Scientific	
  Director	
   95	
   0	
   1	
  Oct	
  2012	
  –	
  30	
  Sep	
  2013	
  
Kyle	
  McKenzie	
   OTN	
  Canada	
  Network	
  Manager	
   100	
   100	
   1	
  Oct	
  2012	
  –	
  30	
  Sep	
  2013	
  
Nikki	
  Beauchamp	
   OTN	
  Communications	
  and	
  Public	
  

Relations/AA	
  
100	
   100	
   1	
  Oct	
  2012	
  –	
  30	
  Sep	
  2013	
  

Tracy	
  Rounds	
   OTN	
  Administrative	
  Asst.	
   50	
   0	
   1	
  Oct	
  2012	
  –	
  30	
  Sep	
  2013	
  
Kes	
  Morton	
   OTN	
  Senior	
  Project	
  Manager	
   10	
   0	
   	
  
Lindsay	
  Algee	
   Public	
  Relations	
  Intern	
   25	
   0	
   6	
  May	
  2013	
  –	
  2	
  Aug	
  2013	
  

5.	
  Progress	
  towards	
  objectives/milestones	
  

a) Overall	
  objectives	
  

The main objectives of the Secretariat in Year 4 are as follows: 
i) Office operation and human resources 

• Participate in regular NSERC Network and OTN Global management meetings 
• Conduct daily office duties and equip the office 

ii) Finances and budget re-allocation  

• Oversee financial management of the Network 
• Oversee reprofiling of projects and budgets as necessary 
• Oversee and produce annual consolidated budget report to NSERC (NSERC Form 300 to be 

provided by Dalhousie Financial Services) 
iii) Committees, meetings, symposia, workshops, and outreach 

• Organize and host 3rd OTN Canada Symposium 
• Organize Annual SAC and Arena Leaders meetings/conference calls. 
• Promote understanding of role of the Network and facilitate lateral communication among HQP 
• Perform general outreach, communication, and promotion of the Network 
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iv) Reports and proposals 

• Produce a consolidated annual progress report for all projects active in 2012-2013 
• Complete a mid-term progress report for years 1-3 (2010-2012) and Phase II proposal for years 5-

7 (2014-2016) for submission to NSERC and external peer review 
• Together with the larger OTN secretariat, produce a glossy public annual report on noteworthy 

activities in 2012-2013 for the integrated OTN – both Canadian and international components, to 
distribute to current and future partners, stakeholders, industry, government, and the general public 

v) Website and newsletter 

• Populate and revise the OTN Canada website 
• Produce a Newsletter to be distributed to OTN, sponsors, and related international community 

vi) Data management 

• Meet regularly with OTN global data management team to discuss data policy, requirements, 
metadata etc.  

• Communicate above to PIs and HQP when appropriate 
vii) Communication with OTN global and funding partners. 

• meet regularly with OTN CFI management personnel to coordinate efforts for all of OTN 

b) Progress	
  

The Secretariat has followed up on all the main objectives and made good progress on meeting the 
milestones for the fourth year, as further described below. 

i) Office operation and human resources 
Sara Iverson is the Scientific Director for the OTN Canada Network and spearheaded the development 
of the SNG proposal, as well as oversees the execution of its research program and the Network as a 
whole. She oversees reports to both NSERC and the SAC and manages the overall budget. S. Iverson is 
now also the Scientific Director of OTN as a whole (both Canadian and international activities) and as 
such works very closely with the Executive Director (Fred Whoriskey) to direct the programs of both 
NSERC and CFI. As Scientific Director of OTN, S. Iverson serves on the following committees:  
Dalhousie committees: 

• the OTN Secretariat, comprised of the OTN Scientific and Executive Directors (S. Iverson and F. 
Whoriskey), the Senior project Manager (K. Morton), the OTN Canada Network Manager (K. 
McKenzie), the Communications/PR Officer (N. Beauchamp), and the OTN Administrative 
Assistant (T. Rounds), which meets bi-weekly to monthly, to strategize on overall planning of 
OTN activities, new initiatives, funding opportunities, and outreach;  

• the OTN Status Committee, comprising all members of the OTN secretariat, the OTN data team, 
and the OTN technical support, which meets bi-weekly to review status and operations of OTN.  

• the OTN Glider Operations Committee, which meets bi-weekly to review status, operations, issues 
and deployment strategies for OTN’s fleet of gliders; 

• the OTN Management Committee, composed of the directors of Dalhousie Research and Financial 
Services, Faculty of Science and OTN directors and managers, which meets bi-monthly, to ensure 
that the OTN (Global and Canada), and the projects undertaken within its umbrella, are managed 
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responsibly, and in accordance with CFI and NSERC guidelines and Dalhousie University 
regulations and policy; S. Iverson updates this committee on progress and scientific activities 
within both the OTN Canada Network and the international OTN community;  

National/International committees: 

• the OTN Canada Scientific Advisory Committee (SAC), which meets once yearly in person (and 
other times as necessary by teleconference or by email) and advises and reports on the planning 
and coordination among all projects undertaken under the OTN umbrella in Canada; 

• the International Scientific Advisory Committee (ISAC), which meets once yearly in person (and 
other times as necessary by teleconference or by email) and advises, reports, and helps guide the 
planning and coordination among scientific projects undertaken that are supported by the OTN and 
assists OTN in international outreach and exchange;  

• chairs the Global Deployment Committee, a committee of three people plus invited experts, which 
evaluates deployment requests for OTN lines worldwide and makes recommendations to OTN 
Council; and 

• the OTN Council, which meets once yearly in person and twice more via teleconference, and is the 
stewardship body for all of OTN (Global and Canada) on behalf of Dalhousie University and other 
stakeholders including CFI and NSERC; S. Iverson presents to Council an overview of all OTN 
scientific activities, strategies and plans; the Council provides direction to the scientific and 
management affairs of the OTN that will ensure its development and enhance the value of its 
research leadership and assure its financial and scientific management; 

In addition to regular committees, together with F. Whoriskey and K. Morton, S. Iverson met regularly 
throughout the report year with contractors and Dal VPs and AVPs on the design and construction of the 
new OTN headquarters space in the Dalhousie Ocean Sciences Building. S. Iverson also serves as 
“ambassador” for OTN (in a ‘tag team’ with F. Whoriskey) for all local, national and international 
events and meetings related to oceans issues, initiatives and networks (see iii and sections 7 and 8). 

Kyle McKenzie is the Network Manager for the OTN Canada Network. The Network Manager assists 
the Scientific Director in overseeing all administrative management of the NSERC Network and in 
outreach of the Network, and in engaging it with other relevant networks. He reports to the Scientific 
Director of OTN Canada and the Executive Director of OTN. As Network Manager, he serves on the 
following committees: 

• the OTN Secretariat 
• the OTN Status Committee 
• the OTN Management Committee 
• the OTN Canada SAC; 
• the OTN ISAC; and 
• the OTN Council 

Nikki Beauchamp is the OTN Canada Administrative Assistant and Communications and Public 
Relations Officer for all OTN. She works closely with the Dalhousie University communication officers 
on joint efforts with communications/dissemination of research results and produces web site and social 
media content, newsletters, and annual reports for public consumption. She also helps prepare material 
for S. Iverson for outreach activities, attends all key management committee meetings, and assists with 
meeting organization, annual report assembly, network communication, and fund raising. 
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Tracy Rounds is the OTN Administrative Assistant (originally for only Global OTN, Dalhousie-funded). 
In conjunction with the integration of the administration of OTN Canada and OTN Global, and the 
extensive communications duties required of N. Beauchamp, T. Rounds provides administrative services 
for OTN Canada, including helping to assemble all Network documents, organizing meetings, and 
taking minutes at all administrative, SAC, and Arena Leaders meetings.  
Kes Morton is the OTN Senior Project Manager (CFI-funded) who is responsible for managing the CFI 
portion of OTN and overseeing general management and deployment of research infrastructure. In 
conjunction with the integration of OTN Canada and OTN Global, K. Morton works with the NSERC-
funded staff to ensure coordination of OTN operations and attends and helps to plan and attend all key 
management committee and outreach meetings.  

Lindsay Algee interned with OTN (May - August 2013) as part of her Bachelor of Public Relations 
program at Mount Saint Vincent University. She assisted with the execution of the annual symposium 
and was instrumental in assembling the presentation compilations for attendees. 
Office setup. In June 2013 the OTN Canada Secretariat moved its offices from dispersed locations 
within the Life Sciences Center (LSC) into the new Dalhousie Ocean Sciences Building (DOSB). This 
new space accommodates all OTN administrative, data management, and field operations personnel 
together and allows for greater formal collaboration and internal cohesion, as well as casual interaction. 
This space also features a dedicated meeting room with audio/visual and teleconferencing abilities and a 
technical workspace for the field operations team. Also in the building are offices for the Halifax Marine 
Research Institute (HMRI), the Marine Environmental Observation Prediction And Response 
(MEOPAR) NCE, and the Marine Observations Support Team (MOST), which provides ocean glider 
technical and field support to OTN. Thus, the DOSB also allows for greater interaction among these 
large oceans-focused networks. All groups have access to a conference room for larger meetings and an 
atrium space for receptions and social events. 

In addition to her office space in the DOSB, Scientific Director S. Iverson also retains her office as a 
professor within the Department of Biology in the LSC.  

ii) Finances and budget re-allocation  
Reprofiling. This sub-committee comprises a core of three members (currently A. Fisk (chair), J. Cullen, 
and S. Hinch) to be supplemented with additional specific expertise as needed. If one of the three 
members of this committee is the requester, NSERC has approved that S. Iverson serves as their 
replacement on the committee for that request. The committee would be called to meet only as issues 
and needs arise. The committee will review requests, make recommendations, and report to S. Iverson, 
the OTN Canada Scientific Director, who will then report to the SAC and NSERC. In this manner due 
process should be carried out in fairly making any such decisions. Only one request was submitted 
during this report year. The Pacific group requested to change a PDF position to a RA position for the 
remainder of this fiscal year. This request was approved by the subcommittee and unanimously 
approved by the SAC. 
Other financial matters. Currently the NSERC network grant is still held as one account for S. Iverson at 
Dalhousie, with an agreement by Financial Services to subdivide this into only three accounts: one for 
administration, one for all of Dalhousie oceanography (I.1) projects (three separate projects), and one for 
everything else, which includes all institutional transfers, all other research projects held at Dalhousie, 
all networking/symposium budget items, and all Theme 5 budget items. This continues to make budget 
keeping for S. Iverson extremely complicated and time-consuming. However, S. Iverson recently 
received a note from Financial Services stating, “We have had conversations from time to time 
regarding additional accounts to assist in managing your NSERC – OTN Strategic award. After some 
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consideration, Financial Services has developed some criteria for determining whether additional 
accounts may be warranted in certain conditions.” S. Iverson is meeting to discuss this with them in late 
November and will advise the SAC. 
iii) Committees, meetings, symposia, workshops, and outreach  

The following describes meetings and workshops mostly within OTN Canada, those extending beyond 
the Network and other outreach and promotion of the Network are described in section 7. 

The Secretariat organized the 3rd OTN Canada Symposium and associated workshops, and three SAC 
meetings (two in Halifax and one by teleconference), and an Arctic strategy meeting, as well as 
proposed several major academic meetings for next year. As the network is maturing and running more 
effectively, we are trying to reduce administrative meetings, but as complexity of the network grows, so 
also do new issues requiring attention. Secretariat staff were responsible for producing the agenda, 
arranging presentations, making extensive logistical arrangements, communicating the information 
regarding the meetings to the OTN Canada network, preparing the information to be listed on the web 
site, and producing minutes and summaries. 

Third Annual OTN Canada Symposium in Halifax. As described in the Overview, on June 3-5, 2013, we 
held the Third Annual OTN Canada Symposium in Halifax, NS. The purpose of this symposium was to 
bring together all students, PDFs, and PIs to present projects and results, discuss research strategies, and 
focus on integration of the OTN Canada Network and sharing of research tools and programs within and 
across Arenas. Through extensive fund-raising efforts (and successes) of the secretariat (primarily N. 
Beauchamp) and juxtaposition of CFI-funded meetings (ISAC), for the first time this meeting was open 
to the public, and we were able to bring in international OTN participants and members of the OTN 
ISAC. The OTN ISAC held its annual meeting while in Halifax for the symposium. As well, Arctic 
Arena researchers and OTN staff met to help develop OTN's Arctic strategy during the symposium. 
Keynote presentations were made by members of the ISAC and other invited speakers. All HQP in 
attendance were asked to present on their work either orally or with a poster. The HQP-only session 
focused on individual research projects, needs from the Network, and data tools. A lot of excitement and 
momentum was generated as a result. Full details are provided in Section 2.1 at the beginning of this 
document. At the symposium, S. Iverson was also able to announce to the Network the positive outcome 
of the peer reviews for the Midterm Report and Phase II Proposal, and a concurrent meeting of the SAC 
members present was held to discuss the reviews, budget issues and implementing Phase II of OTN 
Canada. 
SAC meetings.	
 As a follow-up to the 2012 annual face-to-face SAC meeting in Halifax in November 
2012, the SAC held a meeting by teleconference in January 2013 to receive and approve amended 
annual reports for 2012 and budgets for 2013. As mentioned above, SAC members also met in June to 
discuss OTN Phase II. 
The 2013 annual face-to-face SAC Meeting is scheduled for 3-4 December in Vancouver. The main 
objectives of this meeting are to review research progress of the Network, to approve Year 4 reports and 
budgets and review and approve proposed budgets for OTN Canada Phase II, as well as to discuss any 
current or arising issues and planning for the Network.  
ICES 2013. S. Iverson co-convened a special session at the ICES (International Council for the 
Exploration of the Sea) Annual Science Conference in	
   September 2013 in Reykjavik, Iceland. The 
session was entitled “Advances in studying spatial distribution” at which she gave the plenary talk on 
OTN and using OTN Canada as a template for establishing similar types of ocean tracking networks 
internationally. OTN Canada members (including 2 HQP) gave 3 of the 18 oral presentations and the 
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session generated a lot of ideas for better strategizing and integrating acoustic and other telemetry 
studies regionally and internationally. Potential new OTN partnerships were also established.  

ArcticNet 2013. The OTN Secretariat successfully lobbied ArcticNet to host a plenary lecture on OTN at 
their December 2013 meetings being held in Halifax. Aaron Fisk, OTN’s Arctic Arena Leader, will give 
this talk on behalf of OTN. Significant interactions between Directors of ArcticNet and OTN have been 
increasing and this plenary should help make the broader membership of ArcticNet better aware of OTN 
activities, and to develop potential synergies and collaborations. OTN will also be hosting a side 
meeting between members of OTN’s and ArcticNet’s technical teams during the symposium. 

AAAS 2014. The OTN Secretariat and members of the ISAC successfully proposed a session at the 2014 
meeting of the American Association for the Advancement of Science, to be held in February in 
Chicago. 'The Ocean Tracking Network: Global Innovation in Technology, Science, and Management', 
to be moderated by F. Whoriskey, will feature talks by S. Iverson, S. Cooke, K. Holland, Z. Willis, and 
P. Harrison. The 2013 AAAS meeting received extensive coverage by U.S. and international media, and 
it is expected that a similar turnout will happen in 2014. OTN is providing multimedia information to 
their “Virtual Newsroom” in preparation for this. 
Fourth annual OTN Symposium in Ottawa 2014. Planning is underway by the OTN Secretariat for the 
4th Annual OTN Symposium to be held for the first time outside of Halifax. Ottawa was chosen as an 
ideal place to increase interaction and outreach to the government community. OTN is actively seeking 
means for supplemental funding from industry and other partners in order to continue to make this 
symposium better linked between Canadian and international OTN partners. Again, the annual ISAC 
meeting will be held in conjunction with this symposium, which will best leverage the travel funding 
provided by CFI for ISAC members and continue the excellent engagement that took place between 
ISAC and OTN Canada PIs and HQP.  
Coastal Zone Canada 2014. K. McKenzie, in conjunction with members of the governance research 
team, proposed a half-day OTN-themed session at Coastal Zone Canada's next conference, to be held in 
Halifax in June 2014. This proposal was accepted by the organizing committee and planning of the 
session is underway. 
AFS 2014. With the help of Martin Castonguay (OTN Canada - DFO and Laval), OTN is organizing a 
telemetry symposium to be held at the American Fisheries Society annual meeting in Québec, Aug 17-
21, 2014.  

ICFT 2015. The OTN Secretariat developed a detailed proposal to host the third International 
Conference on Fish Telemetry in Halifax in 2015. Acceptance of this proposal was announced at the 
Second International Conference on Fish Telemetry in July and preparations are underway. OTN is 
receiving assistance from Destination Halifax for this event. 

iv) Reports and Proposals 
The annual progress report template was updated and distributed to PIs as a form to be completed by late 
October. Based on feedback from the SAC at last year's annual meeting, word limits were placed on 
some sections and page limits on the overall project reports to reduce the volume of the combined 
annual report. The approach to the financial reporting changed this year. S. Iverson has worked with PIs 
to match expenditures with the NSERC Form 300s from all institutions for January - September 2013, in 
an attempt 1) to make budget reporting more transparent/easier for the SAC to evaluate and 2) to 
determine total project carryovers from Phase I to help with budget request shortfalls for Phase II. 

The Secretariat made extensive efforts to consolidate and format the reports submitted, seek corrections 
and additional information where necessary, produce network summaries, and to correct and assemble 
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complete budget reports. These are being submitted to the SAC for approval at the December meeting.  
A mid-term progress report and proposal for Phase II of OTN Canada, initiated in 2012, were completed 
and submitted to NSERC during the reporting period. Both were positively received. As mentioned 
above, the approval of Phase II was announced in June 2013.  

OTN Global and OTN Canada collaborated on an integrated annual report for noteworthy activities in 
2012-2013 (http://oceantrackingnetwork.org/docs/2013-otn-annual-report/at_download/file). 

v) Website and newsletter 
The bi-annual OTN newsletter shares news and events from Canadian and Global perspectives. It 
reflects the work and success of both national and international Network efforts and their increasing 
integration, and serves to keep OTN members, collaborators, granting councils, government and 
industry sponsors, and relevant members of the Dalhousie community abreast of OTN news. The 
newsletter has evolved to feature regular segments including global deployment, data, and technology 
updates as well as conference dates and calls for proposals and now stands at 12 pages, almost double 
the content from the first issue. All newsletters are hosted on the OTN website with a link sent via email 
to over 500 national and international partners. This recipient list continues to grow as industry, science, 
and media contacts are made. Hard copies are distributed during promotional events and to visiting 
delegations. 
The fifth edition of the OTN newsletter (Summer 2013) was merged with the 2012—2013 Public 
Annual Report in anticipation of multiple events taking place over the 2013 summer and fall. The 
newsletter will continue with a winter 2013—2014 edition. 

The NSERC news bulletins, focused on Canadian research and deployment updates, are undergoing 
content redirection based on positive discussions during the 2013 OTN Symposium. It is being 
reformatted with a view towards identifying available grants, Network training and exchange 
opportunities, and conferences. News bulletins are hosted on the OTN website and distributed 
electronically to Canadian Network PIs and HQP. 
In 2012, it was decided to merge the OTN Canada and OTN Global websites as part of the strategic 
communications plan which involves OTN branding and marketing tactics to increase awareness and 
visibility. As the Canadian and Global Networks become more integrative, much of the same content is 
duplicated on both sites. N. Beachamp has led development of the new site, set for publication in 
November/December 2013, which features a modern layout, more streamlined navigation and updates, 
and is geared towards end-users: largely members of the public. At the forefront of the new website are 
data and social media links; two features that highlight important and developing aspects of OTN’s 
mission towards information accessibility and use both in educational and academic settings, and 
content/news sharing, respectively. The site features a link to an external blog, which hosts informal 
updates and discussions around OTN activities (including technology troubleshooting, HQP research 
profiles, deployment and research multimedia) ocean science research and news, and posts by guest 
researchers and environmentalists. Strategy for the new website and general online media involves 
frequent study of analytics towards a highly user-friendly experience and positioning OTN as a global 
leader in acoustic telemetry and marine animal tracking research both for academic and public 
consumption.  

vi) Data management 
K. McKenzie met several times with the OTN Global Data Centre team (B. Branton, L. Bajona, and M. 
Mihof) to discuss data issues. As the research and operations database (including receiver deployments, 
tag releases, and animal detections) grows (currently at 65 million records) so does the need to link data 
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sets to owners and projects. This is currently happening on an ad-hoc basis for OTN Canada-funded data 
sets but both parties agreed that a more formal procedure is required. Options were discussed and a 
proposal will be put to the SAC for consideration. 
The Secretariat developed several administrative databases this year. These assist with tracking of PIs, 
HQP, and other contacts and linking these people to projects and events. They have become invaluable 
aids for managing complex tasks, including prefilling of the annual report templates, organizing SAC 
meetings, and managing participants' needs at the annual symposium. As these databases grow in 
sophistication they contribute to greater efficiency of the Secretariat's operations. 

Internal discussions of other useful databases (relevant literature, publications, presentations, etc.) are 
underway. Related to this is the need for standard acknowledgements of OTN funding in publications 
and presentations. The secretariat continues to communicate this need to network members. 
vii) Communication with OTN Global and funding partners 

OTN Canada and OTN Global personnel communicate regularly and collaborate on joint efforts 
including data management, web pages, organization of meetings, establishing a plan of projects, 
technician requirements, etc. S. Iverson and K. McKenzie attend and contribute to bi-monthly OTN 
Management Committee Meetings. Along with N. Beauchamp they also participate in regular 
Secretariat, Status, OTN Council, and ISAC meetings. 
S. Iverson continues to be in contact with NSERC in terms of Network issues and deadlines, with CFI 
on all issues of OTN and its development, as well as financial issues, and with DFO in terms of 
partnering of funding. N. Beauchamp maintains good communication with other funding partners, which 
resulted in significant sponsorship of this year's annual symposium. 

c) Significant	
  deviations	
  

No significant deviations were experienced this year. 

d) Coordination	
  and	
  integration	
  

See overall network report. 

6.	
  Difficulties	
  encountered	
  

	
   No	
  problems	
  occurred	
  during	
  the	
  reporting	
  period	
  	
  

7.	
  Networking	
  and	
  outreach	
  

The Secretariat has continually provided ideas, extensive organizational support, and assistance in 
facilitation of networking, integration, and outreach to the Network. Some of the examples are given 
below, while more details can be found in the elsewhere in this report. The Secretariat has also been 
very active in communicating and promoting aspects of the Network externally. 

a) Intra-­‐network	
  collaboration	
  and	
  partner	
  meetings	
  

Major intra-network collaboration activities (e.g. the annual symposium) are described elsewhere in the 
report. But worthy of mention here are the HQP engagement efforts undertaken by K. McKenzie and N. 
Beauchamp: 
Following the pilot HQP engagement session conducted at UBC last year by K. McKenzie, the 
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Secretariat saw a brief increase in HQP interaction with Secretariat personnel, although the level of 
engagement fell to pre- engagement session levels with a few months. Efforts to nurture connections 
were mostly fruitless, causing the Secretariat to examine other options for stimulating engagement. 
In the hopes of obtaining photos for use in reports and promotional materials, the Secretariat held a 
photo contest for HQP at the Annual Symposium. Several HQP submitted photos and a winner was 
announced and awarded a prize at the annual symposium. Although several good photos were obtained, 
the overall participation in the contest was disappointing, especially given the enticement of a prize. 
During the annual symposium an HQP-only session attempted to address the engagement issue. RA D. 
Lidgard (I.2.4) chaired the session, as he had the year before. Among matters raised was lack of uptake 
of tools requested at previous symposium by HQP and subsequently developed by the Secretariat. 
Discussion, and post-session analysis, has led the Secretariat to conclude that lateral engagement among 
HQP across the entire OTN Canada network is not viewed as valuable as it should be by the HQP. 

Further internal discussion has reaffirmed the Secretariat's desire for vertical engagement, as the photos, 
videos, field reports, and other anecdotal products of the research that HQP can produce in short order 
are extremely valuable to the Network for reports and promotional materials. Thus, discussion of the 
HQP engagement issue continues. 

b) Interaction/outreach	
  to	
  broader	
  community	
  

As Scientific Director of OTN, S. Iverson participates in numerous meetings, presentations, and 
workshops related to OTN. Some of these are described in detail elsewhere in this annual report. 
Specifically as outreach for OTN, during the reporting period S. Iverson:    

• represented OTN at the Ocean Networks Canada (ONC), Dalhousie and Memorial, joint workshop 
held at Dalhousie, intended to provide participants with hands-on training in accessing and 
visualizing data from the NEPTUNE Canada and VENUS undersea networks. As a spin-off of this 
workshop, S. Iverson and other OTN members met with Kim Juniper to discuss ways to integrate 
OTN and ONC activities (November 2012); 

• gave an invited plenary talk on OTN (“What Marine Animals can tell us about Oceans and 
Climate Change”) at the Fishermen and Scientists Research Society (FSRS) 20th Annual 
Conference in Truro, NS, at which discussions took place about OTN with fishermen and other 
stake holders (February 2013); 

• gave an invited plenary talk on OTN (“Ocean Tracking Network: opportunities for data 
warehousing, research, and collaboration”) at the Great Lakes Acoustic Telemetry Observation 
System (GLATOS) Annual Meeting in Ann Arbor, Michigan, at which discussions took place 
about GLATOS joining OTN’s database and working more closely with OTN; this also led to the 
participation of GLATOS HQP in the OTN Canada June 2013 Annual Symposium in Halifax 
(March 2013); 

• represented OTN in meetings of Dalhousie oceans networks and tours with a potential significant 
donor to Canadian ocean sciences, Seymour Schulich, at Dalhousie (May 2013), follow-up still 
underway;  

• represented OTN (along with F. Whoriskey) in meetings with a delegation from the Alfred 
Wegener Institute (AWI) for Polar and Marine Research (Bremerhaven, Germany) in Halifax to 
explore opportunities for collaboration and synergies amongst institutions and networks, especially 
under the auspices of the Helmoltz-HMRI MOU agreement signed at Dalhousie in 2012 by 
German Chancellor Angela Merkel (and also led to a proposal LOI, see CIFAR below) (May 
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2013); 

• represented OTN and gave a keynote presentation at the official opening of the new $41.5 M 
Dalhousie Oceans Sciences Building, attended by various dignitaries, including the Deputy 
Minister Department of Labour & Advanced Education NS, Minister of State Science & 
Technology Canada, and Dr. Gilles Patry, President & CEO, Canada Foundation for Innovation 
(CFI), along with ~125 guests from the community and media, and which resulted in a lot of 
follow-up press and other exposure for OTN (June 2013); 

• represented OTN (along with F. Whoriskey) at the Second Brazil-Canada Joint Workshop on 
Ocean Science and Technology in Victoria, BC, to introduce OTN to Brazilian representatives and 
strategize on establishing enhanced collaboration and a roadmap for joint R&D efforts with teams 
from both countries (June 2013); 

• co-authored with Brazilian colleagues a successful proposal “Rastreamento de animais marinhos 
no Brasil – RAM-BR” (Tracking of Marine Animals in Brazil) submitted to the Brazilian Science 
without Borders Program, aimed to assure specific resources for a Special Visiting Researcher 
(SVR); which will cover costs for consumables and fellowships-bursaries for 1 PhD student (9 
months) and 3 Post-Docs (up to 12 months each), with the requirement that S. Iverson acts as SVR 
for 2 years beginning in 2014, with visits which could last from 1 month (minimum) to 3 months 
(maximum), to help implement OTN-BR (which was funded last year for equipment only), consult 
on OTN study designs and participate in joint supervision of OTN graduate students in the 
graduate programmes at FURG and Univali, with potential for exchanges to Canada (June 2013); 
this was awarded in August 2013; 

• led a proposal for Dalhousie (with D. Vanderzwaag (OTN), Doug Wallace (MEOPAR) and Martin 
Visbeck (AWI, Germany)), “Sustaining our Seas (SOS): Foundations for Science-Based 
Governance of the Changing Ocean”, to CIFAR’s (Canadian Institute for Advanced Research) 
“Global Call for Ideas”, which was one of 12 that were short-listed out of 260 submissions, for 
interviews with the lead PI to further short-list 6 to go to full proposals; S. Iverson presented this 
proposal at the formal interviews in Toronto (August 2013); SOS was not selected to go forward, 
but was encouraged to participate in another that did;  

• represented OTN and gave a presentation on OTN at meetings with the visiting Portuguese 
Secretary of State of the Sea and accompanying delegates at Dalhousie, aimed to discuss potentials 
for collaboration in ocean sciences between countries (September 2013);  

• represented OTN and gave a presentation on OTN (“Lessons learned from the Ocean Tracking 
Network: serving the global community”) at the CFI-sponsored ERA-Can II Symposium on Arctic 
and Marine Research Infrastructure at the Embassy of Canada, Rome, Italy, the purpose of which 
was to	
  discuss and identify opportunities for collaboration in the development, management and 
use of Arctic and marine research infrastructure; OTN was in a unique position to provide insight 
into the factors that lead to both successes and problems in such international ventures and the 
merging of differing funding agencies, and to provide advice on the critical needs for such 
endeavours (September 2013); and 

• as stated previously, co-convened a special session at the ICES Annual Conference and gave the 
plenary talk on OTN and established potential new OTN partnerships (September 2013). 
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note: because of the major preparation work and time requirements up to date of this report, the 
following are also mentioned beyond the Sept reporting date: 

• S. Iverson, along with the other members of the OTN Secretariat, and as a juxtaposition to the 
OTN Council meetings held in Ottawa this year, helped to organize and sponsor several side 
meetings and a reception for various embassy, government, industry and public sector invitees, to 
introduce OTN to the broader community; these also included private meetings (with F. 
Whoriskey and Martha Crago, Dalhousie VP Research) with the presidents of both NSERC and 
CFI to discuss the progress and future directions of OTN; the current progress of OTN was very 
positively praised by the OTN Council and both CFI and NSERC (October 2013); and 

• associated with the Rome 2013 Symposium described above, nine of Canada’s top universities 
with expertise in oceans had previously come together to form the Canadian Consortium of Ocean 
Research Universities (CCORU). CCORU asked the Council of Canadian Academies (CCA) to 
undertake an expert assessment of ocean sciences in Canada, focusing on future opportunities and 
challenges for Canada. The release of the CCA report was delayed in order to reflect input from 
the Rome Symposium. S. Iverson contributed to this report and it was released in Nov 2013. The 
report very strongly highlights the successes of networks such as OTN, ArcticNet and ONC. S. 
Iverson was asked to join the university VPs and AVPs to comprise outreach teams for a 2-day 
event in Ottawa to carry the messages from the CCORU and the CCA report to individual 
senators, ministers and various government agencies, and to host an evening reception on 
Parliament Hill; this was met with extremely positive response and new attention to oceans issues 
and strategies (November 2013).  

8.	
  Dissemination	
  of	
  information	
  and	
  results	
  

a) Refereed	
  journal	
  articles	
  (0	
  total)	
  –	
  accepted/published	
  
  

b) Refereed	
  journal	
  articles	
  (0	
  total)	
  –	
  submitted	
  
  
c) Conference	
  presentations	
  (0	
  total)	
  –	
  invited	
  

 (see section 7b) 

d) Conference	
  presentations	
  (0	
  total)	
  –	
  contributed	
  

9.	
  Other	
  contributions	
  and	
  deliverables	
  

a) Radio	
  or	
  television	
  interview	
  or	
  contribution	
  to	
  a	
  programme/documentary,	
  etc.	
  

S. Iverson filmed an advertisement with Destination Halifax on coming to Halifax for conferences from 
the standpoint of being the scientific director of OTN (http://www.youtube.com/ 
watch?v=FFfAF461O0A).  

b) Invited	
  or	
  contributed	
  open-­‐to-­‐public	
  presentation/contribution	
  

S. Iverson gave a public presentation on polar bears, the Arctic and OTN, at the Discovery Center in 
Halifax, NS, and discussed opportunities to showcase OTN in a future display in the upcoming move of 
the Discovery Center to larger quarters on the waterfront (February 2013). 
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S. Iverson and N. Beauchamp participated (along with HQP D. Lidgard) in the Open House of the NS 
Natural History Museum, featuring the OTN Bioprobe work on Sable Island; together with NHM 
personnel, we are helping to construct a new Sable Island exhibit, featuring OTN’s presence there (May 
2013).  

c) Invited	
  or	
  contributed	
  presentation/contribution	
  at	
  a	
  workshop	
  

 (see section 7b) 

10.	
  Collaborations	
  with	
  industrial	
  and	
  government	
  partners	
  

a) Partners	
  

The Canada Foundation for Innovation, through its support of the Ocean Tracking Network Global 
(based at Dalhousie University) and Dalhousie University are the major collaborators with the Ocean 
Tracking Network Canada Secretariat. 

b) Contributions	
  

 

 
 
 
 
 

	
  

	
  

	
  

	
  

Indirect costs: 

1) Salaries of managerial and administrative staff that assist the Secretariat: 
• Bob Branton, Director of Data Management 
• Susan Dufault, Data Manager 

5) Provision of services through use of data management team and website assistance 

 
 

 

	
  

Name	
  of	
  supporting	
  organization:	
   Year	
  4	
  
CFI	
   (2013)	
  
Cash	
  contributions	
  to	
  direct	
  costs	
  of	
  research	
   	
  
In-­‐kind	
  contributions	
  to	
  direct	
  costs	
  of	
  research	
   	
  
1) Salaries	
  for	
  scientific	
  and	
  technical	
  staff	
   **	
  
2) Donation	
  of	
  equipment,	
  software	
   	
  
3) Donation	
  of	
  material	
   	
  
4) Field	
  work	
  logistics	
   	
  
5) Provision	
  of	
  services	
   **	
  
6) Other	
  (specify):	
  	
   	
  
In-­‐kind	
  contributions	
  to	
  indirect	
  costs	
  of	
  research	
   	
  
1) Use	
  of	
  organization’s	
  facilities	
   	
  
2) Salaries	
  of	
  managerial	
  and	
  administrative	
  staff	
   	
  
3) Other:	
  see	
  below	
   	
  
Total	
  of	
  all	
  in-­‐kind	
  contributions	
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Direct costs: 
1) Salaries for scientific and technical staff 

• Salary support for teaching replacement (limited term appointments) for Scientific Director S. 
Iverson ($12,000). 

Indirect costs: 
1) Use of organization’s facilities 

• Annual rental of office space for OTN secretariat (S. Iverson, K. McKenzie, and N. Beauchamp), 
300 square feet at $9.50sq/ft $2850; 

2) Salaries of managerial and administrative staff and other: 
• Dalhousie is contributing administrative, legal, and other support services (basic administrative 

and infrastructure support, services of the research grants, and financial services offices, insurance, 
security, library access etc.). This support constitutes an additional in kind contribution of 
approximately $210,718 (for years 1 to 7).  

Name	
  of	
  supporting	
  organization:	
   Year	
  4	
  
Dalhousie	
  University	
   (2013)	
  
Cash	
  contributions	
  to	
  direct	
  costs	
  of	
  research	
   $12	
  000	
  
In-­‐kind	
  contributions	
  to	
  direct	
  costs	
  of	
  research	
   	
  
1) Salaries	
  for	
  scientific	
  and	
  technical	
  staff	
   	
  
2) Donation	
  of	
  equipment,	
  software	
   	
  
3) Donation	
  of	
  material	
   	
  
4) Field	
  work	
  logistics	
   	
  
5) Provision	
  of	
  services	
   	
  
6) Other	
  (specify):	
  	
   	
  
In-­‐kind	
  contributions	
  to	
  indirect	
  costs	
  of	
  research	
   	
  
1) Use	
  of	
  organization’s	
  facilities	
   $2	
  850	
  
2) Salaries	
  of	
  managerial	
  and	
  administrative	
  staff	
   $30	
  103	
  
3) Other:	
  (specify):	
   	
  
Total	
  of	
  all	
  in-­‐kind	
  contributions	
   $32	
  953	
  


