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habitat of brown trout (Salmo trutta) and rainbow trout (Onchorhynchus mykiss) in 

boulder-bed channels of the eastern Sierra Nevada.  Although the research was not on 

Chinook salmon habitat, the conclusions drawn from that study are similar to those 

encountered at the EDR.  Kondolf ( 1991) found that highly localized patches of habitat 

formed near natural hydraulic controls or roughness elements in the channel that 

promoted sediment deposition.  Given the distribution of sediment particles in historical 

images and Shields stress predictions, spawning at the EDR was likely limited to similar 

highly localized areas.  Therefore, both the geomorphic and ecologic evidence suggests 

widescale spawning at the EDR did not occur; H8 is rejected. 

The observations of successful Chinook spawning near the EDR in the 1970s and 

1980s and of brown and rainbow trout by Kondolf (1991) both represent the ability of 

salmonid species to locate and utilize patchy habitat features in bedrock systems.  In the 

Yuba River example, hydraulic mining provided ample sediments to fill localized 

depositional zones and likely increased habitat suitability.  Successive flood events have 

since degraded the depositional features and explain the complete lack of observed redds 

in over fifteen visits to the EDR spanning the 2005 and 2007 spawning seasons.  GA will 

reconnect the sediment component of channel inputs, and restore some of the patchy 

depositional features in the channel. 

 

7.7.2. Hypothesis H9 

Model predicted habitat at the two project sites differed quantitatively and 

qualitatively.  The large proportion of good and excellent quality areas at the TBAR 

(~34% of area) and a lack of redd superposition issues suggests that spawning habitat is 
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not limiting there.  However, at the EDR less than 3% of the channel was within the same 

good and excellent quality suitability classes (based on hydraulics alone) and therefore H9 

is rejected; spawning habitat at the EDR is severely limited.  Given the vast differences of 

channel response to increasing discharge, bed mobility (Shields stress), sediment input, 

and large scale topographic control between the EDR and TBAR, one cannot assume that 

the proportion of suitable habitat should be similar at the two sites (Buffington et al., 

2004).  The quantitative comparison is most useful in that it shows the differing capacity 

of each site to harbor spawning and serves as a baseline value of habitat at the EDR prior 

to any rehabilitation efforts.   

By breaking spawning habitat into two general groups at each site, one associated 

with riffle entrances and the other with margin habitat, a distinct difference in the 

proportion of habitat types is apparent.  Good and excellent habitat at the TBAR is 

dominated by riffle entrances while at the EDR all good and excellent quality habitat can 

be attributed to margin zones parallel to the channel edge where the combination of edge 

topography and water depth create suitable hydraulic conditions.  Depths within the 

channel center and pool exits are too great given the low velocity values predicted with 

the model.  Therefore, suitable spawning habitat was only predicted within two meters of 

the channel margin.  Shields stress predictions suggest that alluvial deposition is most 

likely to occur along and adjacent to these channel margins where depth is currently 

limiting spawning habitat.  Any alluvial deposition that occurs along channel margins 

may increase overall spawning habitat via a decrease in depth and increase in velocity at 

the EDR.  Interestingly, similarly sized (<1m) strips of margin habitat exists at the TBAR 

where riffle entrance habitat is not limiting and redd surveys have confirmed the ability 
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of Chinook salmon to utilize these narrow strips.  This suggests that if the issue of 

sediment size and depth limitations within margin zones at the EDR could be resolved, 

spawning activity would be promoted on a localized scale. 

  
8. CONCLUSION 
  
 

The precipitous decline of anadromous fish species throughout the Pacific Northwest 

is widely attributable to hydrologic, geomorphic, and ecologic discontinuities.  GA has 

been a successful rehabilitation technique in many regulated gravel bed rivers and its 

extension to bedrock canyon channels has been investigated herein.  The efficacy of GA 

is a complex function of channel hydraulics, sediment supply/transport, local topographic 

control, and high flow events in regulated systems.  

For the bedrock canyon channel at the EDR, the underlying transport dominated 

character, as evidenced through Shields stress predictions and the remaining dynamic 

flow regime, will have two overarching impacts on augmentation efficacy.  First, it 

guarantees augmented gravels will be distributed downstream with intermittent transport 

of particles predicted near the 5-year event discharge.  Second, and most importantly, 

valley wall constrictions and depositional features dominate deposition processes and 

force velocity and Shields stress values to their maximums near the channel thalweg for 

all modeled scenarios.  This will suppress the formation of cross channel gravel riffles 

that begin to scour during relatively frequent (Q2 and Q5) events.  Instead of creating 

riffle spawning habitat, GA in the bedrock canyon channel at the EDR will likely produce 

patchy heterogeneous habitat along channel margins and recirculation zones where 

depositional features impact local hydraulics. 
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Overall, small scale GA at the bedrock dominated EDR is not expected to 

significantly increase the proportion of channel available for spawning salmon despite the 

small (1 m²) localized zones of habitat that are likely to form.  Unlike gravel-bed rivers 

directly below impoundments, where the creation of macro-scale bed features such as 

riffles and spawning beds have been highly successful, such features are not promoted in 

the active bedrock channel investigated here.  However, small scale habitat features that 

result from gravel augmentation may be disproportionately important to the endangered 

spring-run Chinook salmon that have had historic spawning areas cut off by 

impoundments.  To determine if augmented gravels increase spawning habitat at the EDR 

or form macro-scale habitat features (e.g., riffles) outside of the EDR domain, the 

continued monitoring of injected gravels and salmon utilization along the 1.5 km reach 

below Englebright Dam is recommended. 
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