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Atlantic Salmon Life Cycle

Illustration  Courtesy  of  the  Atlantic  Salmon  Trust  and  Robin  Ade
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Global Declines in Salmon Abundance
• Declines in global nominal catch
• Declines in regional stock complexes
• 1989 to 1991 regime/phase shift – in 

marine survival
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Global Declines in Salmon Abundance
• Declines in global nominal catch
• Declines in regional stock complexes
• 1989 to 1991 regime/phase shift – in 
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Endangered Gulf of Maine Salmon
• Hatchery-smolt (purple) returns dominate Penobscot time series
• Naturally-reared (yellow) returns dominate smaller rivers
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2014 Returns = 375:
270 hatchery origin 
105 naturally reared
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1990-­2012,  14

Eureka 
It’s the 
Ocean!



So the Problem is In the Ocean?
• Doesn’t Exactly Narrow it Down
• Broad Area
• Two +  Years
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So the Problem is In the Ocean?
• Divide and Understand

• Partition Life at Sea
• Telemetry a Key Tool

• Start in Lower River & Work Seaward
• Start in Coastal Rivers & Expand to Largest River 

Systems 
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NOAA NEFSC Telemetry Tools of the Trade
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Narraguagus River
Where it All Began… 
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Survival
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Narraguagus Survival 1997-2004
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• 1,000 smolts exit 
the river

• 410-540 reached 
Middle Bay

Release Riv Est IB MB OB
0

10

20

30

40

50

60

70

80

90

100

Sm
ol
ts
  P
er
  H
un
dr
ed

Ecological  Zones



U.S. Department of Commerce | National Oceanic and Atmospheric Administration | NOAA Fisheries | Page 14

Dennys River Survival 2001-2005



Penobscot Survival 2005 - 2014
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• MARK results
• Apply to 10K smolts
• 2006 lowest survival
• 2012 highest survival

• Why the difference?
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Weekly Marine Survival Models-
Bottom Line of Estuary to Headland Telemetry Work
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Management Survival Curve :
Red – smolts out – adults back
Black – smolts out – to Ocean - adults back



Behavior and Timing
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Active Movements
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Surface Validation – Depth Tags
Proportion  of  detections  (%)
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Identify Primary Migration Corridors
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>75% east of Islesboro 

> 75% West of Vinalhaven

• naturally-reared fish had more 
most diverse path choices

Vinalhaven



Smolt and Postsmolt “Neighborhoods”
• Estuary, Coastal, and Gulf Arrays and Receivers

• More Species Encountered
• Atlantic salmon
• Atlantic sturgeon
• Shortnose sturgeon
• Alewife
• American eel
• White shark
• Cod
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Early Marine Postsmolts
• Marine migration dynamics >600km
• Modelling Gulf of Maine migration
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Weekly Marine Survival Models-
Hint of Mortality in Second Month???
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Headed Home. . . 
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Satellite Tagging at West Greenland
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There And Back Again
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David Righton, CEFAS
-the tracks based on release location, 
pop off location, temp, depth, light, 
swimming speed…



Telemetry Informed Lessons
• Riverine Migration - Mostly at night in freshwater
• Use info to minimize bycatch of river herring

• River – Estuary – Bay
• Estuaries – Greatest Losses per kilometer
• Variable Between Systems
• Narraguagus  among lowest survival in literature
• Denny River even worse survival (pub coming soon)
• Penobscot – interannual variability + latent dam impacts

• Survival During Smolt Emigration Process
• 2-4 fold lower than monthly at-sea survival 

• Travel Corridors and Timing
• Nearshore – channel preferences
• Offshore – more rapid movements than expected
• Homeward Bound . . . Stay Tuned
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Questions?
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