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processes
• diverse segments of often dramatically-different 

geology, climate, physiography and ecology, as well 
as type and level of development and watershed 
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• strong gradients in sedimentology, geomorphology, 
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• productive component, exporting organic matter 
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• variation in important habitat-forming processes, 
important to understanding limiting factors on 
ecological processes, e.g., migration and rearing of 
anadromous fishes such as Pacific salmon
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DUWAMISH RIVER / ELLIOTT BAY ESTUARINE 
HABITAT LOSS 1854-1986
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ANADROMOUS PUNCTUATED MIGRATION

OPPORTUNISTIC
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TIDAL / EVENT

JUVENILE SALMON“ECOSCAPES”

EXTENDED
REARING
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tidal-freshwaterbrackish-oligohalineeuhaline-euryhaline

Optimum conditions:
• shallow water 0.3-1.5 m depth 

(sloughs, tidal channels, flats)
• vegetated edge (riparian, 

marsh, eelgrass)
• abundant epibenthic, drift and 

neustonic prey
• LWD?
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One brood 
year of 
chinook 
salmon in the 
Columbia 
River estuary

Source: J. Burke (2004), based on data 
from Rich (1920) & Dawley et al. (1985)

R
el

at
iv

e 
A

bu
nd

an
ce

 

Fry with platelets only
Fry (<60 mm)
Fingerling  - Recent Arrivals
Fingerling  - Fluvial rearing
Fingerling  - Estuarine Rearing
Fingerling  - Fluvial and additional rearing
Yearling

Historic

Jan Mar May Jul Sep Nov Jan Mar May Jul

R
el

at
iv

e 
A

bu
nd

an
ce

Fry
Fingerline Natal / Fluvial Rearing
Yearling

Contemporary

HISTORIC AND CONTEMPORARY SALMON 
LIFE HISTORY CHRONOLOGIES



Columbia River estuaryColumbia River estuary

Source: J. Burke, UWSource: J. Burke, UW
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TIDAL SWAMPS

Photo by C. Simenstad, Univ. Washington

LANDSAT7 TM image from LCREP, Earth Design Consultants and University 
of Washington-Wetland Ecosystem Team studies, 2000-2003 
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TIDAL MARSHESTIDAL MARSHES
LANDSAT7 TM image from LCREP, Earth Design Consultants and University 
of Washington-Wetland Ecosystem Team studies, 2000-2003 

Photo by C. Simenstad, Univ. Washington
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LANDSAT7 TM image from LCREP, Earth Design Consultants and University 
of Washington-Wetland Ecosystem Team studies, 2000-2003 

Photo by R. Emmett, NMFS







The incidence of flows above 18,000 m3s-1 (the pre-1900 estimated bankfull flow level) and above 
24,000 m3s-1 (the present bankfull flow level). The present bankfull flow level has only been exceeded 
in four years since 1948. Source: Bottom et al. (2005)
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in four years since 1948. Source: Bottom et al. (2005)

Scaleogram of observed flow at The Dalles, showing periods of 8 years (bottom) to 3.5 days (top). 
Irrigation depletion begins to affect freshet strength and the annual flow cycle noticeably after 1920. 
Flow regulation effects are evident in the 1960s and dominant after 1970. High-frequency power peaking 
(periods of 3.5 and 7 days) is evident after ~1970. Source: Bottom et al. (2005)

Scaleogram of observed flow at The Dalles, showing periods of 8 years (bottom) to 3.5 days (top). 
Irrigation depletion begins to affect freshet strength and the annual flow cycle noticeably after 1920. 
Flow regulation effects are evident in the 1960s and dominant after 1970. High-frequency power peaking 
(periods of 3.5 and 7 days) is evident after ~1970. Source: Bottom et al. (2005)

FREQUENCY AND 
INTENSITY OF 

DISTURBANCE IN THE 
COLUMBIA RIVER 
ESTUARY DUE TO 

CHANGES IN RIVER 
FLOW



• qwc

1974 Scenarios –
Virgin flow,
without dikes

Virgin flow,
with dikes

Observed flow,
no dikes

Observed flow,
with dikes

Dark blue = floodplain 
inundation

Source: D. Jay, PSU
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Composition of Common Oncorhynchus tshawytscha  Prey by Sampling Site
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Composition (IRI) of Common O. tshawytscha  Prey by Month
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Composition (IRI) of Common O. tshawytscha Prey by Fish Size
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SUMMARY
• Tidal freshwater ecosystems are complex and 
highly variable ecotones between fluvial and 
estuarine processes
• Particularly important in dynamic migration and 
rearing of juvenile Pacific salmon
• Watershed and floodplain changes have 
modified that function, particularly relative to 
salmon life history diversity
• Both habitat opportunity and capacity in lower 
estuary extensively supplemented by tidal 
freshwater?
• Restoration strategies tend to discount 
potential role of freshwater tidal ecosystems, 
especially scrub-shrub and forested tidal 
wetlands and floodplains, in salmon recovery
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It’s likely more dependent on ecoscape structure, 
habitat complexity and population resilience, than 
productivity per se……..the future of which is very 
vulnerable to flow regulation and climate change!
Role of tidal freshwater reaches particularly 
ignored and underestimated?

It’s likely more dependent on ecoscape structure, 
habitat complexity and population resilience, than 
productivity per se……..the future of which is very 
vulnerable to flow regulation and climate change!
Role of tidal freshwater reaches particularly 
ignored and underestimated?

Courtesy of Earth Design Consultants
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