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Climate change & multiple stressors



How can we best steward salmon watersheds, 
given climate change and multiple stressors? 
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Freshwater matters
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Freshwater matters
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What is the 
importance of 

estuaries for 
salmon?



Tagging salmon smolts as 
they leave freshwater

2015-present
N = 7001 sockeye salmon
N = 7091 coho salmon

Koeye



Attempting to recapture in 
estuary and ocean entry



RECAP!



I am not a juvenile salmon



9%  increase (5 - 25%) in length prior to ocean entry

Extensive estuary residency (up to 40 days)
+

Fast estuary growth rates



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



Growth benefits of estuary nursery habitat

9% longer
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Extensive estuary residency (up to 40 days)
+

Fast estuary growth rates

~35% increase in marine survival!

9%  increase (5 - 25%) in length prior to ocean entry
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Rapid change in complex systems



Wilson, Moore, Schindler, Westley 
in prep

Shifting habitat mosaics 
& portfolio effects



Amazing biodiversity of salmon systems
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Complexity and diversity of salmon systems
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Salmon systems

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

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

XXXX





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

Estuary resilience
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Multiple stressors

Logging in interior BC over 30+ years. Derived from Google Earth Engine by Joanne Hammond



Multiple stressors

Logging in interior BC over 30+ years. Derived from Google Earth Engine by Joanne Hammond

~2 - 6°C ~ 25%
Wondzell et al 2019; etc. Gronsdalh et al. 2019; etc. 

Logging



Warkentin et al. 2022

Nicola



Warkentin et al. 2022

?

Nicola Watershed Governance
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1941 2004

•80% of glaciers gone in 
western Canada by 2100 
with moderate emissions 

From  internet

Glacial retreat



2019 Drought in Alaska
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Watershed glacial coverage

von Biela et al. 2022. Fisheries

Glaciers provide cool summer 
water to salmon streams



Stream created 
~1970

1970 1980 1990 2000 2010 2020

>10,000 pink salmon 
1997

Data from Milner et al. 2011

Pitman et al. 2020





Glacier retreat will 
create >6000 km of new 
rivers for salmon over 
the next 100 years



“In eight years of glacial retreat, at the rate it has 
been going, there could be an ore body sticking 
right out of the ground that nobody’s even seen 
before” 
https://www.mining.com/web/a-revival-takes-shape-in-bcs-
golden-triangle/

Glacier retreat—
frontiers for salmon & mining



Sexton et al. 2020. Science. 
Sergeant et al. 2022. Science Advances. 

Mines across the salmon coast

Modern-day gold rush



Stewarding habitat: 
current and future Climate resilience
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Amazing biodiversity of salmon systems



Vulnerability Resilience

Crossroads



Need for collaborative & forward-looking science, action
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16:9. 20 min + 10 questions

• Back to the Future: Advances in understanding the value of fresh and 
brackish water habitats, their future with climate change, and the 
efficacy of habitat restoration


