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EXECUTIVE SUMMARY 
 
Poor marine survival is a primary factor limiting Atlantic salmon (Salmo salar) 

productivity across much of the species North Atlantic range. Increasing our understanding of 
survival in the marine environment has been identified as a priority action in numerous 
international and domestic forums. Historically, knowledge about marine distribution of many fish 
species has come from mark-recapture studies or genetic sampling associated with fisheries and/or 
surveys. Recently, telemetry methods (i.e., ultrasonic acoustic monitoring and archive telemetry) 
have been used to study individual fish movements in the ocean. These 2 methods offer both 
benefits and disadvantages, but neither is wholly suitable for tracking a relatively small marine 
species, which undergo extensive marine migration into Arctic water over an extensive time 
period. RAFOS is a common oceanographic monitoring tool used to track ocean currents and relies 
on moored acoustic transmitting units that emit an acoustic signal that can be detected by a 
hydrophone on a RAFOS float. The RAFOS technology has recently been modified and 
miniaturized through the development of a new single board receiver and may be suitable for 
tracking relatively small marine species across large areas of the ocean. A workshop was held on 
June 7-8, 2018 in Woods Hole, MA, USA to facilitate a detailed technical discussion on the 
RAFOS Ocean Acoustic Monitoring (ROAM) approach to tracking. Participants from both North 
America and European attended as did representatives from the Pacific salmon (Oncorhynchus 
spp) community from the west coast of North America. Workshop objectives were to: (1) provide 
an in-depth overview of the ROAM approach to marine tracking; (2) provide an overview of field 
testing to date; (3) discuss pros and cons of the ROAM approach compared to contemporary 
methods; (4) discuss limitations and solutions of ROAM approach; (5) discuss West Greenland 
ROAM satellite tracking project; (6) discuss other potential projects tracking juveniles, subadult, 
or adult stage Atlantic salmon; and (7) discuss the potential for a North Atlantic-wide monitoring 
project and applicability to the International Year of the Salmon (IYS). This report provides and 
overview of the workshop, discussions, and conclusions. 

  



4 
 

BACKGROUND 
 
Poor marine survival is a primary factor limiting Atlantic salmon (Salmo salar) 

productivity across much of the species North Atlantic range. Within the United States, remnant 
populations are listed as endangered under the Endangered Species Act, and a poor marine survival 
was identified as a primary constraint to recovery. Atlantic salmon is also a NOAA Species in the 
Spotlight (www.fisheries.noaa.gov/topic/endangered-species-conservation#species-in-the-
spotlight), and increasing our understanding of survival in the marine environment is an identified 
key action.  

The North Atlantic Salmon Conservation Organization (NASCO) is a regional fishery 
management organization, to which the United States is a party. Its International Atlantic Salmon 
Research Board (IASRB) has identified the need to understand salmon mortality at sea as a 
priority. In response, the IASRB developed a cooperative research on salmon at sea, SALSEA – 
Track (www.nasco.int/sas/salsea.htm), a collaborative marine telemetry program that aims to track 
salmon along their marine migration routes. SALSEA – Track consists of 12 independent 
telemetry-based research projects that together would track Atlantic salmon through much of its 
marine residency across much of the species range. SALSEA – Track is an ambitious program, 
which if fully implemented may still not provide the detailed understanding of Atlantic salmon 
marine migration necessary to identify where and when salmon are dying at sea. It is a fragmented 
approach and even though major advancements have been made in the field of marine tracking, 
the technology today is still not wholly suitable for tracking a relatively small marine species which 
undergoes extensive marine migration into Arctic water over an extensive time period, such as 
Atlantic salmon. 

Historically, knowledge about marine distribution of many fish species has come from 
mark-recapture studies or genetic sampling associated with fisheries and or surveys. More 
recently, detailed understanding of individual fish movements have come via 2 methods: ultrasonic 
acoustic monitoring and archive telemetry methods. Ultrasonic acoustic monitoring involves 
tagging fish with acoustic pingers that emit an acoustic signal that can be detected by deployed 
hydrophone receivers. There are many challenges associated with ultrasonic acoustic monitoring.  
One major challenge is with deploying and maintaining large monitoring networks across large 
spatial scales. Archive telemetry methods involve archiving collected environmental information 
while a tagged animal is at large. Archive telemetry methods can be lumped into 2 general types: 
Data storage tags where the tag must be recaptured to obtain the collected data and pop-off satellite 
tags (PSATs) where archived data are transferred to passing satellites once detached. Beyond data 
retrieval differences, archival monitoring is also limited by the tag size, accuracy of light-based 
geolocation, and species behavior as species that inhabit northern areas or species that exhibit 
frequent diving activity will further reduce the accuracy of light-based geolocation. 

RAFOS (SOFAR spelled backwards: SOund Fixing And Ranging) is a common 
oceanographic monitoring tool for tracking ocean currents by means of subsurface drifters capable 
of receiving sound. A RAFOS network relies on moored acoustic transmitting units that emit an 
acoustic signal which may carry upwards of 1000 km under optimal conditions. Given this 
capability, strategically placed sound sources have the potential to cover a large monitoring area 
with relatively minimal infrastructure and cost. A hydrophone onboard the RAFOS float detects 
the sounds from the sound source network, and a triangulation algorithm uses the differential sound 
reception from multiple moorings to calculate position. In its original form, RAFOS technology 
was not suitable for tracking marine organisms because of size limitations. 

http://www.fisheries.noaa.gov/topic/endangered-species-conservation#species-in-the-spotlight
http://www.fisheries.noaa.gov/topic/endangered-species-conservation#species-in-the-spotlight
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Recently, the RAFOS technology has been modified and miniaturized through the 
development of a new single board receiver. The receiver has been encased within a hydrophone 
outer shell to form the new RAFOS Ocean Acoustic Monitoring (ROAM) tag. The ROAM tag can 
now be used in a similar fashion as an archival tag (e.g., data storage tag [DST]) and may be 
suitable for tracking fish as small as 180mm for up to 2 years, although the tag will need to be 
recovered to obtain the data. The ROAM tag can also be integrated into conventional PSAT. Since 
these PSAT tags will be larger (exact size yet to be determined), they will be suitable for larger 
individuals, but tag recovery is not needed since data will be transmitted via satellite. 

In June 2017, a presentation was given to NASCO describing the ROAM approach to 
marine tracking and outlining a proposed pilot project to track subadult Atlantic salmon captured 
and released off the coast of west Greenland enroute to natal rivers during their second year at sea. 
The presentation was favorably received, and many of the participants of that meeting felt that 
the ROAM approach held promise for a basin-wide tracking program for Atlantic salmon in the 
North Atlantic. As NASCO is also involved in the upcoming International Year of the Salmon, 
there was also a discussion about the applicability of ROAM approach for a large scale marine 
tacking program in the Pacific Basin.  

Project collaborators committed to hosting a ROAM workshop prior to the 2018 NASCO 
Annual Meeting. The overall goal of the workshop was to facilitate a detailed technical explanation 
of the ROAM approach to tracking, to review the progress to date and field trial results, and to 
discuss the potential development of a large scale monitoring and tracking program for both 
Atlantic and Pacific salmon.  

Specific workshop objectives were to: 

• Provide an in-depth overview of the ROAM approach to marine tracking 
o Including overview of current production status for sound sources, archive ROAM 

tags, and ROAM satellite tags; 
• Provide an overview of field testing to date; 
• Discuss pros and cons of ROAM approach compared to contemporary methods; 
• Discuss limitations and solutions of ROAM approach; 
• Discuss West Greenland ROAM satellite tracking project: study plan, timeline, and 

progress to date; 
• Discuss other potential projects tracking juveniles, sub-adult, or adult stage Atlantic 

salmon; and 
• Discuss the potential for a North Atlantic-wide monitoring project and applicability to the 

International Year of the Salmon (IYS) 

The workshop was held on June 7-8, 2018 in Woods Hole, MA. The workshop agenda 
(ANNEX 1) was organized to address each of the specific objectives by providing an overview of 
marine tracking and an introduction to ROAM on Day 1 with a more in-depth look at the ROAM 
technology and discussion on Day 2. It was noted that the agenda was not “set in stone” and could 
be adapted depending on participant feedback. This report provides an overview of the workshop 
presentations and discussions. 

A total of 27 participants from both the Atlantic and Pacific Ocean basins attended the 
workshop (ANNEX 2). Attendees from federal agencies, universities, private companies, and 
nongovernmental groups participated. 

At the beginning of the workshop, Tim Sheehan provided an overview of North Atlantic 
salmon population dynamics, the need and the development of SALSEA – Track, and how the 



6 
 

ROAM Workshop came to be developed (ANNEX 3). Tim also reviewed the workshop agenda, 
identified how the organizers feel that this workshop represents a first conversation, and also 
stressed the desire for substantive engagement of all workshop participants to maximize the 
information exchange over the course of the 2 days.  

STATUS OF TRACKING IN THE OCEAN: OVERVIEW OF 
ACOUSTIC TRACKING WITH PARTICULAR FOCUS ON 
ATLANTIC SALMON  

 
Jon Carr provided an overview of acoustic marine tracking and the Ocean Tracking 

Network with particular focus on Atlantic salmon related research (ANNEX 4) which generated 
further discussion. These discussions are summarized by topic below. 

• Ocean Tracking Network 
o The Ocean Tracking Network (OTN) (http://oceantrackingnetwork.org/) builds 

infrastructure and a network of assets for acoustic tracking. Multiple organizations 
worldwide utilize this network and tie into OTN’s larger database which exceeds 
10 million detection records. The OTN system allows organizations to obtain their 
data fast. The OTN works in partnership with other companies, such as oil 
companies, and thus is able to facilitate the deployment of receivers of opportunity. 

• Using gliders to track fish 
o The question was asked if it was possible to use gliders to track fish. The short 

answer was no. Gliders are too slow to keep up with most fish species, and multiple 
hydrophones would need to be installed on each glider to calculate tag position. 
Adding engines to a glider would cause additional problems.  

 

STATUS OF TRACKING IN THE OCEAN: OVERVIEW OF 
SATELLITE TAGGING WITH PARTICULAR FOCUS ON 
ATLANTIC SALMON 

 
Camrin Braun provided an overview of satellite tracking efforts in the ocean (ANNEX 5). 

He described the benefits and challenges of obtaining accurate location data via PSATs. The 
presentation generated a number of discussions which are summarized by topic below.  

• Archive tag options: 
o There are 2 archive tag options for salmon: 

 Data Storage Tags (DST), which requires retrieving the tag to obtain the data. 
 Pop-off Satellite Archival Tags (PSAT), which does not require retrieving the 

tag to obtain the data since the data are transmitted to satellites once the tag is 
released and floats to the surface. The transmission hardware can make the tag 
relatively big compared to a DST. 

o These 2 types of tags gather light-level data to generate geolocation position 
estimates. Although the technology is 20 years old, seasonal and behavioral issues 
associated with light-based geolocation still persist. Preliminary location estimates 
can be wildly inaccurate, and ancillary data (e.g., temperature and depth) and a 

http://oceantrackingnetwork.org/
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priori assumptions can be used to minimize location errors to within ±200km. 
Despite these limitations in our ability to estimate accurate light-based 
geolocations, the collected temperature and depth data can be very informative. 

• Pelagic fish 
o Satellite tags were developed for larger pelagic fish. Technological advancements 

are making possible the development of special purpose tags that could be smaller 
with fewer features. It was also noted that there are specific applications where 
either PSATs or DSTs are the preferred option.  

• Pacific Basin tracking overview 
o Since the previous presentations were focused primarily on the Atlantic Basin, 

participants from the Pacific Basin were asked to provide an “on the spot” overview 
of tagging in the region.  

o Similar to the Atlantic, the Ocean Tracking Network is managing arrays in the 
Salish Sea, and Kintama Research Services (http://kintama.com) is also managing 
assets on the West Coast Continental Shelf. There is a lot of radio tracking on early 
marine survival happening in the rivers and coastal locations such as Puget Sound 
and the Columbia River, but not in the ocean because of incapability of radio tags 
and saline water.  

o There was a brief discussion on the funding sources that are used to support these 
tagging projects. 

• Smolts v. Predators 
o Many participants noted that when interpreting the data, it can be difficult to 

identify if a predation event has occurred, as it is sometime difficult to distinguish 
between smolt tracking and predator tracking. In some instances behavioral 
patterns and temperature differences may be used to distinguish between the 2 types 
of data sets. There are Vemco acoustic tags with additional sensors that can help 
determine a predation event, but these are double the price and increase the size of 
the tag, factors which limit both the number and size range of fish that can be tagged 
for a particular study. 

• Basin specific issues 
o It was noted that researchers from both the Atlantic and Pacific basins require more 

information to truly understand the causal mechanisms driving marine survival of 
their various salmon stocks. Participants from the Pacific Basin were of the opinion 
that although the exact mechanisms driving Atlantic salmon productivity have not 
been identified, there appears to be a stronger consensus within the Atlantic 
participants as to what the major productivity drivers are.  

 

ATLANTIC SALMON TELEMETRY PLANNING MEETING: 
EXPANDING THE TRACKING NETWORK IN THE NORTH 
ATLANTIC  

 
Jon Carr provided an overview of the Atlantic Salmon Telemetry Planning Meeting held 

on December 5-6, 2018 in Halifax, Nova Scotia, Canada (ANNEX 6). The meeting was supported 
by the Atlantic Salmon Research Joint Venture and was a follow-up to the 2014 NASCO workshop 

http://kintama.com/
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which lead to the development of SALSEA – Track. The workshop reviewed past and ongoing 
studies in the North Atlantic and aimed to develop a research program for North Atlantic, which 
builds on SALSEA – Track by focusing on estimating and partitioning marine mortality of Atlantic 
salmon and improving our understanding of marine migration and distribution patterns.  

• Jon noted that the final report was expected to be available in early fall of 2018; the report 
will be forwarded to the participants of this workshop when finalized.  Workshop 
recommendations were: 

o Expand coastal tracking of Atlantic salmon; 
o Undertake a modelling exercise to better quantify the feasibility of high seas 

acoustic tracking;  
o Endorse further development of emerging technologies that facilitate open ocean 

research; 
o Pursue tagging efforts on adult salmon at Greenland; and  
o Consider standardization of methodologies across the North Atlantic. 

 
TRACKING SUBSURFACE FLOATS WITH SOUND 

 
Simon Thorrold provided an overview of the of the RAFOS technology. RAFOS 

technology is not new; it is currently used in the physical oceanography field to track subsurface 
currents in the ocean. Sound sources are moored in the ocean’s sound channel. These sound 
sources emit a “pong” that is detected by a 2m long cylindrical glass float, which also houses 
various oceanographic monitoring equipment. The longevity of the sound source is 3,000 
transmissions and can be programed to pong as many times a day as desired. The sound source 
would last approximately 10 years if a single pong per day is generated, but it would last for 
approximately 5 years if 2 pongs per day are generated. A single RAFOS pong transmission is 80 
seconds, but for ROAM tags the transmission is reduced to 30 seconds and is approximately 260Hz 
(180 db at 1 m). The current RAFOS sound sources are not compatible with the ROAM tags. The 
sound sources for ROAM tags have slightly different specifications, but moving forward the sound 
sources for RAFOS and ROAM will be compatible. The presentation generated a number of 
discussions which are summarized by topic below.  

• Sounds sources 
o All the sound sources pong at the same time. It was noted that the sound sources do 

not have individual IDs and instead are identified by taking into account the 
previous day’s estimated locations. The pongs could be staggered to help with 
individual identification, but the tag would need to have a longer listening window, 
and therefore, the battery life would be reduced. Having a single listening window 
helps to conserve battery life.  

o Increasing the number of sounds sources may increase positions accuracy, but there 
is a point where having too many sound sources might decrease accuracy. The 
primary reason for adding more sound sources is to increase coverage range, and it 
is good to find the balance between “more is better” and “‘more is too much.”  

o The cost for a full oceanographic sound source and mooring at 100 km depth is 
approximately $60k USD.  

o Sound travels further with off-shelf sound sources. Permitting for on-shelf sound 
sources would need to be addressed. However, the pong is only 30 seconds in 
duration, it may only occur once a day, and a cargo ship is also measured at 
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approximately 180 db, so sound sources may not be contributing significant 
additional noise in the ocean. There is also a good cost/benefit argument (i.e., low 
environmental cost/risk with high benefit of increased and improved ability to track 
marine organisms) that can be made for this approach, especially given all the other 
sounds present in the ocean.  

• Current RAFOS sound arrays 
o There is currently no overall management of RAFOS. Sound sources are deployed 

on a project by project basis. Currently, there are 4 sound sources supporting 
research in the Gulf of Mexico, and the Overturning in the Subpolar North Atlantic 
Program (OSNAP; http://www.o-snap.org/) has 10 sound sources deployed in the 
North Atlantic.  

o In the past, some RAFOS monitoring was conducted in the Pacific along the West 
coast of the United States. Further information on these efforts would be beneficial. 

o The ROAM tags are not able to be used in all environments. 
• Tracking software 

o The RAFOS tracking software can be used immediately for any ROAM 
application.  

 

TRACKING ATLANTIC SALMON IN THE LABRADOR SEA 
 
Jon Carr provided an overview of the Labrador Sea Project, which is a multiyear study 

tracking subadult Atlantic salmon from Greenland back to coastal areas and natal rivers (ANNEX 
7). The plan is to rely on PSAT tagging for the first year (Fall 2018) and to gradually incorporate 
the ROAM approach in years 2 and 3. It is estimated that 6 sound sources will be needed to cover 
the range of Atlantic salmon in the Labrador Sea.  

SmolTrack I and II (additional agenda item) 
Kim Aarestrup provided an overview of SMOLTRACK I and II (ANNEX 8; 

http://www.smoltrack.eu/). SMOLTRACK I and II are EU funded projects. Partners include 
Ireland, Northern Ireland, United Kingdom, Spain, Sweden, and Denmark. The project’s aims are 
to estimate lower river and early marine survival of Atlantic salmon and to monitor the marine 
migration of previously spawned Atlantic salmon from a few European rivers.  

RAFOS OCEAN ACOUSTIC MONITORING (ROAM) 
 
Simon Thorrold provided an overview of RAFOS Ocean Acoustic Monitoring. The 

presentation noted that tracking small fish in the ocean remains very difficult but that the ROAM 
approach may hopefully overcome many limitations. ROAM tags have the ability to track 
horizontal and vertical movements on a scale that will allow for the investigation of the importance 
of mesoscale features of the ocean on the productivity and survival of the tracked animals. The 
presentation generated a number of discussions which are summarized by topic below. 

• ROAM Testing  
o Field testing will occur in late 2018/early 2019 off the coast of Bermuda with a 

glider mimicking the behavior of different species (e.g., salmon, swordfish 

http://www.o-snap.org/
http://www.smoltrack.eu/
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[Tetrapturus audax], and bigeye tuna [Thunnus obesus]). This proposed field test 
will provide a much clearer understanding of ability of the ROAM approach to 
track Atlantic salmon throughout the North Atlantic.  

o Testing will occur in Bermuda because it is easy to access and to extrapolate data 
from there. Results will be applicable to any acoustic modeling in any study area. 

o Field testing is also scheduled for late 2018. Field tests will occur in the relatively 
shallow waters of Long Island Sound and will involve tracking American lobsters 
(Homarus americanus). Long Island Sound was selected because of its convenient 
location for work and accessibility.  Since most fish occupy shallow water, it will 
be a good evaluation of the ROAM approach, especially since RAFOS has already 
been shown to work in deep water. 

o Testing has previously occurred in Long Island Sound and the Gulf of Mexico. The 
sound source detection range was only ~60 km (only sound source travel times 
were estimated, not locations, since only one sound source was employed), but the 
test conditions were not optimal. Further testing as noted above will be critical for 
evaluating expected performance.  

• Network of sound systems 
o Sounds systems are deployed on a study-by-study basis, and there is no central 

oversight for the approach. Given the life span of the sound systems, a network of 
infrastructure could be built over time. 

• Potential for other species 
o There are likely other researchers working on a variety of other species that would 

be willing to use any infrastructure available.  
• Sound Source identifier 

o A sound source identifier could be added, but it would most likely limit some range 
and battery life.  

• Frequency and duration 
o The ideal frequency for the sound source pong is between 250-400Hz for distance 

and environmental reasons. A higher frequency would limit the sound range, and 
ambient noise would interfere with a lower frequency. 

o The optimal time duration for the pong is 30 seconds. The chip memory is limited, 
so if the duration were any shorter there would be a loss of correlation strength. A 
longer duration would take up battery life. 

o 260Hz for a 32 second sweep was used for testing the ROAM technology to date. 
 

Survive the Sound (additional agenda item) 
Michael Schmidt, from Long Live the Kings, provided an overview of the online game 

“Survive the Sound” (www.survivethesound.org) which the general public and schools can adopt 
salmon to see how far they migrate each year. The online game uses Pacific salmon telemetry data 
and was presented as an example of what can be done with these types of migration data for 
outreach, given the general public’s interest.  

  

http://www.survivethesound.org/
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ROAM TECHNOLOGY OVERVIEW 
 
Godi Fischer provided an in-depth overview of how the ROAM technology works 

(ANNEX 9). Details on the tag structure, design, and specification as well as the power 
allocation/map were provided. It was noted that the primary cost for the monitoring system is 
related to the sound sources. However, once a sound source is constructed and deployed, it can 
operate for up to 10 years. Acoustic releases can be incorporated into the mooring device which 
would allow for retrieval, repowering, and redeployment of the sound sources. The tags are 11 mm 
in diameter and 25 mm in length. They weigh ~9 g in air and ~3 g in water. However, for ocean 
application, the plastic hydrophone will need to be replaced with a ceramic hydrophone, and the 
resulting tags will be slightly heavier (~6 g in water). It was noted that accurate tracking and 
recording of time is essential, and a number of options for minimizing the impacts of time drift in 
the tag or sound source were noted. The presentation generated a number of detailed discussions 
related to the specifications and performance of the tags and sound sources, measurement errors, 
issues and corrections for clock deviations, etc., which have not been captured within this report. 

After the discussion about the previous presentation concluded, the 2 tag manufacturing 
companies that attended the workshop were asked to provide some comments on their initial view 
of the technology and how feasible it would be for the ROAM technology to be further developed 
for salmon studies.   

• Vemco, Inc.  
o The ROAM workshop has facilitated Vemco seeing what the limitations are of their 

current technology for tracking Atlantic salmon.  
o Vemco wondered if there is an option for acoustically transmitting the data off of 

the tag to avoid the recapture requirement. 
o The requirement of retrieving the archive tag does pose some significant 

challenges; the application of ROAM into a satellite tag version is promising.  
o ROAM is promising, but the size of the tags is an issue for smolts.  
o There are still a lot of questions, but this is definitely a promising new tool that 

Vemco wants to be a part of and help develop.  
o Next steps are for further discussions within Vemco. 

• Wildlife Computers, Inc. 
o Wildlife Computers is experienced at casting and molding tags. The first step would 

be to place the ROAM technology in an existing PSAT tag.  
o They are also interested in further developing this new tool. 
o Some questions were raised to Wildlife Computers about the feasibility of 

developing a smaller pop off tag with no additional sensors or developing a 
nontransmitting floating tag. The quick response was that removing the sensors 
from a traditional PSAT tag would not save much space, but a floating tag which 
would require retrieval, may be an option.  

o Suggestion was that for a first step, the ROAM tag may be able to be incorporated 
into a traditional PSAT tag as well as a floating archival tag. 

o It was also noted that even with some positive advances with Argos, there are still 
some concerns and uncertainty given the lack of dedicated government funding to 
maintain the program.  
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The remainder of the workshop was spent discussing and revisiting various topics from the 
previous day and a half. Short summaries of these discussions are provided below: 

• Testing 
o Workshop participants are keen to see the results of the upcoming lobster and 

Bermuda field trials. Workshop participants were curious as to how the field trial 
results would be disseminated? There are no concrete plans for dissemination at 
this point, but workshop participants are encouraged to contact Simon Thorrold or 
Gobi Fischer directly.  

o It was suggested that for the lobster study, it might be a good idea to place a 
hydrophone at a fixed location as a reference/control point.  

• Use with other data sets 
o It is important to have good fish tracks but also critical to have the appropriate 

concurrent environmental data available or plans to collect these data. These 
additional data will ensure that we can better answer questions about salmon 
movements. 

• Atlantic basin draft proposal 
o The draft proposal for an international Atlantic basin collaboration was presented. 

The proposal was developed to take advantage of any potential future opportunities 
that may arise via NASCO or the International Year of the Salmon. The proposal 
outlined a gradual incorporation of 3 projects: the Labrador Sea, SmolTrack and 
SeaSalar (a new Norwegian-funded Atlantic salmon marine research initiative). 
The proposal outlined a plan to facilitate the (1) testing of the ROAM approach in 
the North Sea, (2) tagging of marine phase Atlantic salmon via conventional 
methods with a transition to ROAM, and (3) the development of a floating archival 
ROAM tag. Proposal collaborators will continue to advance this initiative as able. 

• Future ROAM 
o As the ROAM approach continues to be developed, it will be important for 

standardized protocols to be developed for sound source deployment, tag 
deployment and data management. It will also be important that realistic 
expectations be developed and shared with managers and potential funders. A 
future workshop to further develop these ideas should be considered if appropriate. 
Such an effort could be possibly funded by national governments (e.g., NASCO 
parties). 

• Permitting concerns 
o Permitting of sound sources is a concern. Potential funders and participating parties 

will be asked questions about potential effects of the sound sources on marine 
mammals, including Right whales. It will be important to address the permitting 
question. Preliminary inquiries on this issue have been initiated within the United 
States.  

• Pacific basin 
o The Pacific needs an effective tag return strategy, more than just recapturing 

salmon. Tag returns are not guaranteed, but given the density of people living on 
the coast in the Northwest United States, tag recovery rates may be high for a 
floating archival tag.  By eliminating the satellite technology from the tag, the 
expected price could drop to 25%, which would enable researchers to put out 4x as 
many tags. 
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o Given the varied size distribution of juvenile Pacific salmon, the proposed ROAM 
approach would not work for all Pacific salmonid species. One option would be to 
capture and tag subadult salmon at sea. As such, researchers on the west coast may 
consider building a ROAM network with researchers working on other species 
(e.g., blue shark [Prionace glauca]) to enable a proof of concept. This collaboration 
would allow the technology to continually develop and to provide time to devise 
sampling approaches to maximize the utility of using this technology on Pacific 
salmonids. 

o To help move this process along in the Pacific, there was support for undertaking 
field testing, similar to the glider study off Bermuda, in the near future within the 
Pacific.  

The workshop ended with a reminder that the ROAM approach to marine tracking is still 
in its infancy. The RAFOS approach to tracking is well established, but the migration of this 
approach to tracking marine animals is still being refined. The beta tag construction is currently 
done on a small scale, sound source construction schedules are still being developed, and 
additional field trials are still needed to provide real world performance metrics. As such, 
expectation of what ROAM can deliver at this stage needs to be adjusted accordingly. However, 
given the proven track record of the RAFOS approach and the work that has been done to date, 
expectations for success are high. This workshop provided an early view of the ROAM approach 
to marine tracking and provided an opportunity for people to evaluate the approach and to decide 
if they would like to contribute early on in the process. 

CONCLUSIONS 
 

General conclusions from the workshop were: 

• Participants appreciated the in-depth, early view of the detailed specifications of the 
approach. 

• Workshop participants felt that the approach held high promise for tracking salmon further 
out to sea and for longer periods than previously possible, although significant challenges 
and unknowns remain.  

• Participants would like to be kept abreast of ongoing efforts and developments and are 
keen to see the results of the planned field trials. 

• Participants recognize that the technology is in its infancy but are willing to pursue projects 
and funding that may help further test and develop the technology (e.g., field trials in the 
Pacific, Salmo Quest, and follow-on workshop(s) as appropriate) given its potential. 

• Permitting issues and concerns over marine mammal interactions remains of high concern 
and should be addressed as soon as possible. 
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 APPENDIX A: ROAM WORKSHOP AGENDA 
Thursday June 7, 2018 

Time Topic Lead(s) 
10:00 Logistics 

Introductions, etc. 
Workshop overview 

Simon Thorrold 
All 
Tim Sheehan 

10:45 Status of tracking in the ocean: Overview of acoustic 
tracking with particular focus on Atlantic salmon 

Fred Whoiskey 

11:15 Status of tracking in the ocean: Overview of satellite tagging 
with particular focus on Atlantic salmon  

Camrin Braun 

11:45 Atlantic Salmon Telemetry Planning Meeting: Expanding 
the tracking network into the North Atlantic 

Jon Carr 

12:00 Lunch (coordinated and in-house)  
13:00 Tracking Subsurface Floats with Sound Simon Thorrold 
14:30 Break  
15:00 Tracking Atlantic Salmon in the Labrador Sea Jon Carr 
15:45 ROAM (RAFOS Ocean Acoustic Monitoring) Simon Thorrold 
~17:00 Adjourn for the day  

 

 

Friday June 8, 2018 

Time Topic Lead(s) 
8:30 Coffee provided  
9:00 ROAM technology overview Godi Fisher 
10:00 Discussion: Pros/Cons of ROAM  All 
10:30 Break  
11:00 Discussion: Limitations/solutions of ROAM All 
12:00 Lunch (coordinated and in-house)  
13:00 Discussion: North Atlantic ROAM (including West 

Greenland ROAM) 
All 

14:30 Break  
15:00 Discussion: Pacific ROAM All 
16:30 Next Steps All 
~17:00 Adjourn for the day  
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APPENDIX B: ROAM WORKSHOP ATTENDEES 
Name Organization 
Kim Aarestrup DTU Aqua – National Institute of Aquatic Resources 
Camrin Braun Woods Hole Oceanographic Institute 
Jon Carr Atlantic Salmon Federation 
Kristen Bronger NOAA Fisheries 
Jan Grimsrud Davidsen NTNU University Museum 
Richard Dewey Ocean Networks Canada 
Dennis Ensing Agri-food and Biosciences Institute 
Bengt Finstad Norwegian Institute for Nature Research 
Godi Fischer University of Rhode Island 
Cathal Gallagher Inland Fisheries Ireland 
Sean Hayes NOAA Fisheries 
Melinda Holland Wildlife Computers 
Isaac Heizer Wildlife Computers 
Niels Jepsen DTU Aqua – National Institute of Aquatic Resources 
Jeremy Kuehner Vemco 
David Meerburg Atlantic Salmon Federation 
Jean Quirion Vemco 
Erin Rechisky Kintama Research Services 
Mark Renkawitz NOAA Fisheries 
Michelle Rub NOAA Fisheries 
Michael Schmidt Long Live the Kings 
Tim Sheehan NOAA Fisheries 
Simon Thorrold Woods Hole Oceanographic Institute 
Amie Vo Wildlife Computers 
Danny Vo Wildlife Computers 
Dale Webber Vemco 
Hannah Whitaker NOAA Fisheries (Hollings Intern) 
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APPENDIX C: INTRODUCTION AND OVERVIEW OF ROAM 
(RAFOS OCEAN ACOUSTIC MONITORING) APPROACH TO 
MARINE TRACKING
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APPENDIX D: STATUS OF TRACKING IN THE OCEAN: 
OVERVIEW OF ACOUSTIC TRACKING WITH PARTICULAR 
FOCUS ON ATLANTIC SALMON 
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APPENDIX E: STATUS OF TRACKING IN THE OCEAN: 
OVERVIEW OF SATELLITE TAGGING WITH PARTICULAR 
FOCUS ON ATLANTIC SALMON



37 
 



38 
 



39 
 



40 
 



41 
 



42 
 



43 
 



44 
 



45 
 



46 
 



47 
 



48 
 



49 
 



50 
 



51 
 



52 
 

 

 

  



53 
 

ANNEX F: ATLANTIC SALMON TELEMETRY PLANNING 
MEETING: EXPANDING THE TRACKING NETWORK INTO 
THE NORTH ATLANTIC 

 

 



54 
 

 

 



55 
 

 

 



56 
 

 

 

 

 

  



57 
 

APPENDIX G: TRACKING ATLANTIC SALMON IN THE 
LABRADOR SEA 
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APPENDIX H: SMOLTRACK I AND II  
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APPENDIX I: ROAM TECHNOLOGY OVERVIEW  
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