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We knew next to nothing about tidal channel geomorphology
Monitoring was basic; typically, low replication of reference sites
Predictive models were qualitative, general
Restoration motivated and dominated by biologists and their perspective



Physical processes
e.g., tides, waves, 

floods, shear 
stress, sediment 

transport

Biota
e.g., vegetation, 

fish, wildlife, 
detritus, 

large wood

Landforms
e.g., river deltas, 

distributaries, 
tidal channels 

How are things changing?

2D, 3D hydrodynamic models
      wave models
      channel geometry models
      fish accessibility models (?)
      vegetation models (?)

Developing quantitative 
predictive models

Personal- & supercomputers
GIS and aerial photography
Lidar
RTK-GPS
Drones
ADVs, ADCPs, level loggers, etc.

Technology



The Geometry of Forms (body form, landform)

A  = cV2/3

Cube: y = 6x0.667

Sphere: y = 4.8x0.667
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Dimensional analysis 

L2  = c(L3)2/3





Slope = 1.26
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Allometry of marsh islands and channel geometry.

Prediction of a suite of useful channel geometries.
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Slope = 1.56

Hood WG. 2007. Scaling tidal channel geometry with 

marsh island area: a tool for habitat restoration, linked 

to channel formation process.  Water Resources 

Research 43, W03409, doi:10.1029/2006WR005083

Non-additive 
cumulative effects



Hood WG 2015 Geographic 

variation in Puget Sound tidal 

channel planform geometry. 

Geomorphology 230:98-108



Confidence limits of prediction ≠ 
confidence limits of the estimate!

How to?

https://salishsearestoration.org/wiki/Tidal_Channel_Reference_Model

Factors affecting 
allometry: 
[1] fetch 
[2] tide range 
[3] sediment supply 
[4] vegetation density
[5] vegetation species



How many tidal channels, 
how many dike breaches?

We are underestimating the 
number of dike breaches 
necessary to mimic reference 
marsh systems by 5-fold.  

This likely affects fish access to 
tidal channel networks.

Hood WG. 2015. Predicting the 

number, orientation, and spacing 

of dike breaches for tidal marsh 

restoration. Ecological 

Engineering 83:319-327

What can happen if you ignore 
allometry?  An example.



Both sites deviate strongly from allometry
1 outlet vs. dozens predicted
1/3 the total channel length predicted

Both are mostly unvegetated after 8 yrs (FIF) and 9 yrs (Qw)
Both have a lot of Cotula coronopifolia [mucilaginous seed coats]

Fir Island Farms

Qwuloolt

What can happen if you ignore allometry?  Another example.



Qwuloolt
30 June 2023



Zis a ba – designed to allometric standards, 2nd summer post restoration

Fir Island Farms



Tidal Channels (↓), Sheet Flow (↑), and Seed Retention (↓)

100 Bolboschoenus maritimus seeds/plot



Blue Sl.

Preacher’s Sl.
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Smaller tidal channels have higher insect flotsam density (P/A scaling)
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Allochthonous detritus moves more slowly in small tidal channels



Allochthonous detritus is more likely to be trapped in smaller 
channels and in the landward (smaller) reaches of channels



Sediments of smaller channels and in the landward (smaller) reaches of channels have higher content 
of trapped allochthonous detritus (organic Carbon) and more benthic surface deposit feeders.

Small channels are important too. 
Don’t take them for granted.



Current and future challenges

Sea level rise, warming, flood hydrograph changes

Monitoring

Better quantifying restoration trajectories
Time lags from restoration to salmon response
Learning to speed up recovery rates
Test hypotheses/models (not just compliance)

Research

Linkage of fish to channel geometry for better design
Tidal beaver natural history
Large wood eco-geomorphological role
Improved predictive models

Engineering innovations?

Vegetation mounds to dispose of sediments on site?
Large wood engineering without understanding its role?
Sediment supplementation for subsidence, SLR?
BDAs to engineer tidal water depths without understanding impacts?
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Erosion of high marsh in bay fringe of Skagit Delta → lower SCPU marsh → loss of tidal channels

Analogous to SLR, uncompensated by accretion → loss of tidal channels (repartitioned prism)
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