
Salmon River Estuary
Over 40 years of learning
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1978 1987 1996

Project results: 
339 acres restored

2013 Photos



Pre-Development Post-Development

1972 Photo1945 Photo



1975 Photo 2013 Photo

Project Results
• 44 acres restored
• Pre & post wetland delineation
• As-built survey & 
• 10 years of monitoring

Project Components
• Removed infrastructure & tidegates
• Installed AOP culvert-Rowdy Creek
• Rebuilt multiple tidal channels
• Native planting & maintenance
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December 17, 2010



Pre-Development Post-Development

1975 Photo1945 Photo



Pixieland 
Amusement Park

1969-1974



Project Results
• 52 acres tidal marsh restored
• Miles of new sinuous tidal channels forming
• 5 beaver dams, extensive wetland network
• Baseline data & 10 years of monitoring

Pdxhistory.com
1975 Photo

Project Components
• Removed infrastructure
• Filled artificial ponds-establish marsh
• Rebuilt multiple tidal channels
• Native planting & maintenance

2012 Photo
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Current mean high tide

1-meter increase

2-meter increase Rebecca Flitcroft
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2012

1978

1996

1987

2010-11

2009

Reference

Year
Restored

Years 
Diked

1978 10

1987 19

1996 28

2009 41

2010-11 42

2012 60

Energy-rich 
aquatic flies

Faster growth



Low Tide 

MLLW

Salt Marsh

Mainstem Tidal Channel

Undisturbed Salt Marsh Attributes



High Tide 

MHHW

Salt Marsh

Mainstem Tidal Channel

Undisturbed Salt Marsh Attributes



High Tide 

MHHW

Salt Marsh

Mainstem Tidal Channel

Extreme 

High Tide 

Undisturbed Salt Marsh Attributes



Mature High Salt Marsh

Mainstem Tidal Channel

Low and Mid Salt MarshMudflat

Transitional Zone

Undisturbed Salt Marsh Zonation

Tidal Inundation Period:

High Marsh- Short

Low Marsh- Long



Mature High Salt Marsh

Mainstem Tidal Channel

Low and Mid Salt MarshMudflat

Transitional ZoneLower Limit of Emergent 

Salt Marsh Vegetation

Undisturbed Salt Marsh Zonation



Low Tide 

MLLW

Grazed Salt Marsh

Mainstem Tidal Channel

Salt Marsh Conversion



High Tide 

MHHW

Mainstem Tidal Channel

Extreme 

High Tide 

Salt Marsh Conversion



High Tide 

MHHW

Dredged Mainstem Tidal Channel

Extreme 

High Tide Converted Seasonally 

Wet Pasture

Constructed Earth Levee

Salt Marsh Conversion



High Tide 

MHHW

Dredged Mainstem Tidal Channel

Extreme 

High Tide Converted Seasonally 

Wet Pasture

Constructed Earth Levee

Drainage Culvert with Tidegate Closed

Salt Marsh Conversion



Drainage Culvert with Tidegate Open

Salt Marsh Conversion

Low Tide 

MLLW

Dredged Mainstem Tidal Channel

Converted Seasonally 

Wet Pasture

Constructed Earth Levee



Drainage Culvert (re-positioned)

Marsh Surface Subsidence

Converted Seasonally 

Wet Pasture

(Subsided)



Diked Wetland Subsidence:

1.  Decomposition of organic peat in soil horizon

2.  Loss of sediment inputs from tidal flooding

3.  Physical compaction (i.e. grazing animals, farm 

equipment)

4.  Soil shrinking from drying of soils

Converted Seasonally 

Wet Pasture

(Subsided)

Marsh Surface Subsidence
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2012

1978

1996

1987

2010-11

2009

Reference

Year
Restored

Years 
Diked

1978 10

1987 19

1996 28

2009 41

2010-11 42

2012 60

Energy-rich 
aquatic flies

Faster growth



Produces 1.5 – 3.5 fish/m2

Complex HabitatSimplified Habitat

Produces < 0.25 fish/m2



A fish story…

Fisheries Research Credit—Kim Jones & Dan Bottom

• Young salmon occupy and benefit from restored marsh habitats, even 
soon after dikes are removed (residency, feeding, growth)

• Life History variation CAN recover: Chinook and Coho Life History’s 
responded to habitat removal (diking) and habitat gain (restoration) 

• Restored estuarine Life History’s contribute to adult returns—up to 75% 
of Chinook and ~30% of Coho spawners are tied to the restored Salmon 
River marshes

• Bottom-up restoration can be effective on it’s own





Restoring Processes
And learning along the way
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Cluer et al., 2013







Cluer et al., 2013











Prior to European colonization beaver populations were 
estimated to number 60–400 million in North America 
(Naiman, Johnston, & Kelley, 1988). Beaver were intensively 
trapped for their pelts through the 1800s and eradicated from 
developed areas where they were often considered a 
nuisance. Beaver populations became isolated, and their 
numbers were dramatically reduced in urban and rural areas, 
with only about 10% of historical populations remaining 
(Wilson & Reeder, 2005).

Bailey et al., 2019



Example 1: Upper Mississippi
and Missouri River Basins (Hey and 

Phillip 1995).

Researchers estimate that
beaver ponds covered 51,100,000

acres in 1600 compared to 511,000 
acres in 1990. They estimated 

wetlands at 44,700,000 acres in 
1780 versus 18,900,000 acres in 

1980. This reduction in ponds 
(surface water stored) and wetlands 
(groundwater stored) has resulted 
in a huge loss of flood control, and 

system stability during droughts 
and years with high precipitation.

Example 2: Elk Island National
Park in east-central Alberta, 

Canada
(Hood and Bayley 2008).

Documenting changes in the 
amount of open water during dry 
and wet years between 1948 and 

2002 due to the presence, or 
absence, of beavers. The beaver 
dam building and maintenance 

made the area much less sensitive 
to drought and helped decrease 

downstream flood peaks by 
increasing the river’s rapid access 
to its floodplain during high flows.

Example 3: Crane Creek,
Oregon (Schaffer 1941).

Prior to 1924 beavers were present
in Crane Creek and the meadows had

stirrup-high native grasses. The grasses 
were sub-irrigated by beaver ponds. In 
1924 the beavers were trapped out. In 

1925 the channel began to incise and by 
1935 the channel had deepened 25 feet. 
In 1936 beavers were reintroduced, and 

by 1938 the water table had risen and the 
hay meadow production had improved. 
1939 was a drought year, yet water was 

abundant on the ranch with beaver 
ponds, while absent downstream on the 

ranch without beaver ponds.

Fouty, 2008
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Cluer, 2018
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Hogervorst, 2019



Photo Credit—Duncan Berry



Hogervorst, 2019







Changing Conditions
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