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Estuary resilience



ESTUARIES AS COMPLEX SYSTEMS

ESTUARIES IN THE SALMON LIFE CYCLE

STRESSORS—EMERGING AND PAST

KEY TAKE-HOMES
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Estuaries are among most 
productive habitats on Earth

Data from Horne and Goldman 1994

Estuaries are among most 
degraded habitats on Earth
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Dam removals on Elwha (WA) added 3 M m3 of sediment 
and increased estuary habitat area by 300,000 m2





I am not a juvenile salmon



ESTUARIES AS COMPLEX SYSTEMS

ESTUARIES IN THE SALMON LIFE CYCLE

STRESSORS—EMERGING AND PAST

PATHS FORWARD





Estuaries and the salmon life cycle
1. Regional

2. Estuary

3. Within estuary



Migrating salmonids can use multiple estuaries



Marine

Estuary



Map by John Latimer (Lax)

Over 50 populations of salmon 
from over 10 First Nation 
territories

“Grand Central Station for salmon”
Allen Gottesfeld, Skeena Fisheries Commission

Hi, I am 

from the 

Babine

I am from 

Kitwanga



Estuaries and the salmon life cycle
1. Regional

2. Estuary

3. Within estuary

Key findings
1. Estuary nursery function can 

extend up/across watersheds 



Survival of Chinook salmon is lower 
in more degraded estuaries



Estuaries as critical habitats for young salmon
• Extensive estuary residency (up to 40 days)
• Fast estuary growth rates (upwards of 5X typical freshwater growth)
• 9% increase in body size prior to ocean entry

Koeye

Sawyer et al. 2023. Ecosphere



9% longer

Growth benefits of estuary nursery habitat



Lebron James: 6’ 7” Luka Doncic = 6’ 6” Jon Moore = 6’ 1” (on a tall day)

8.2% taller

Growth benefits of estuary nursery habitat



Estuaries as critical habitats for young salmon
• Extensive estuary residency (up to 40 days)
• Fast estuary growth rates (upwards of 5X freshwater growth)
• 9% increase in body size prior to ocean entry

~40% increase in marine survival!

I am basically 
LeBron James!



Estuaries shape salmon life-histories

Sawyer, Masters Thesis

With more enclosed 
and complicated 
estuaries . . .
 
coho migrate earlier
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Estuaries shape salmon life-histories

Sawyer, Masters Thesis

With more enclosed 
and complicated 
estuaries . . .
 
coho migrate earlier 
& over a longer 
duration
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Estuary use varies across species, population

Estuary residency longer: 
• Younger life-histories
• Wild origin fish
• Coho > Chinook > Pink > Chum > Sockeye



Estuaries and the salmon life cycle
1. Regional

2. Estuary

3. Within estuary

Key findings
1. Estuary nursery function can 

extend up/across watersheds 
2. Estuaries support salmon survival 

& life-histories 
3. Importance will vary by context







More salmon in cooler water 
temperatures and in meadows

Van Island and 
Central Coast



Use of habitats varies within estuaries

Skeena

Flora 
Bank

Eelgrass in Flora Bank region 
contained ~25X more 
salmon than other eelgrass 
habitats. 
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Salmon Estuary, N. Vancouver Island BC

Camera 4, Site Elevation: 3.20m
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Surfing the tidal wave
Hey dude, find 

your own 
wave!!!



Food webs of estuaries from 
forests, oceans, and estuaries

The Skeena estuary food web; Sharpe et al. 



Estuaries and the salmon life cycle
1. Regional

2. Estuary

3. Within estuary

Key findings
1. Estuary nursery function can 

extend up/across watersheds 
2. Estuaries support salmon survival 

& life-histories 
3. Importance will vary by context
4. Some habitats and conditions are 

disproportionately important
5. Rely on habitats & food webs that 

are complex, connected, and 
dynamic
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Water temperatures

Englishman Salmon River

During 2021 Heat Dome

• Extensive monitoring 
across estuaries

• Temperatures governed by 
tides, flows, weather

• Emerging seasonal 
constraints on habitat use?



Water temperatures

Englishman Salmon River
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Potential temperature stress across BC estuaries (North -> South) for fishes

Leah Davis SFU thesis (in prep)



Sea-level rise and coastal squeeze

Migration of tidal marsh habitat with sea-level rise

Future
Current

Migration not available with sea-level rise

Future
Current



https://www.naturetrust.bc.ca/our-projects/enhancing-bc-estuaries

Predicted Relative Sea-Level Rise
2050: ~25 cm
2100: ~65 cm (~130 cm)

XXXX
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• Nursery function of estuaries 
is enabled by connected, 
diverse, and dynamic estuary 
habitats (mosaics)

 
• Ocean, estuary, and 

watershed processes

• Provide “solution space” for 
salmon in their complex 
migratory life cycles 
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• Nursery function of estuaries 
is enabled by connected, 
diverse, and dynamic estuary 
habitats (mosaics)

 
• Ocean, estuary, and 

watershed processes

• Provide “solution space” for 
salmon in their complex 
migratory life cycles 

PROTECT
• No industrial development

RESTORE
• Reduce stressors
• Processes (flows of water, 

sediment)
• Connectivity (current & 

future

ENHANCE
• Engineering enhancements 

If we want to enhance 
estuary nursery 
function. . . 
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Global 
climate 
change

Local 
stressors

Towards proactive restoration 
and management
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