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Upper Willamette River steelhead 
Overall vulnerability—High (47% Moderate, 51% High, 2% Very high) 
Biological sensitivity—High (51% High, 49% Moderate) 
Climate exposure—High (95% High, 5% Very high) 
Adaptive capacity—Moderate (1.8) 
Data quality—84% of scores ≥ 2 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Life History Synopsis 
 Upper Willamette River steelhead is an ocean-maturing phenotype with adults entering 
fresh water from late winter to early spring (March-April).  Adults spawn within a few weeks of 
freshwater entry (April-June), with eggs incubating in stream gravels through mid-summer 
(Busby et al. 1996).  Juveniles generally spend 2-3 years in fresh water prior to migration, and in 
the Willamette and other systems, some individuals complete the life cycle entirely within fresh 
water (Kendall et al. 2015).  Migrating steelhead juveniles are believed to spend little time in the 
Columbia River estuary and move directly offshore to feeding areas across the subarctic Pacific 
Ocean (Light et al. 1989, Daly et al. 2014). 
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Climate Effects on Abundance and Distribution 
 For upper Willamette River steelhead, two of the three contributors to high exposure 
scores were attributes of the marine environment:  ocean acidification and sea surface 
temperature.  Sensitivity of upper Willamette River steelhead to ocean acidification, however, 
was ranked just below moderate.  Similarly, sensitivity of upper Willamette River steelhead to 
sea surface temperature was ranked moderate.  Data quality for sensitivity attributes indicated 
that information is lacking.   

 The most important freshwater exposure factor was stream temperature, which is 
important because steelhead juveniles generally rear for one or more years in fresh water before 
migrating (Busby et al. 1996).  Of the four recognized populations of winter steelhead in the 
Upper Willamette River Basin (Myers et al. 2006), all drain the west slope of the Cascade 
Range, but only the North Santiam River extends in the high Cascades region where snow melt 
and ground water contribute significantly to stream flows (Chang et al. 2018).  Access to much 
of the higher elevation historical spawning habitat in the North Santiam is blocked by impassable 
dams (Ford et al. 2015).  In studies of steelhead in other basins, warmer summer temperatures 
are associated with development of anadromy, whereas a resident life history was more prevalent 
in streams with colder summer water temperatures (McMillan et al. 2012).  In contrast, the 
distribution of native steelhead in the upper Willamette Basin is not cleanly associated with 
gradients in summer stream temperatures. 

 In the Willamette River Basin, native late-winter migrating populations occur in 
watersheds draining the Cascade Mountains on the eastern edge of the basin.  Interestingly, 
native steelhead populations are not believed to occur in the upper extremes of the basin, nor in 
the tributaries on its western edge that drain the Coastal Range, though it is well-known that 
steelhead migrate much longer distances to reach spawning grounds in other watersheds (Busby 
et al. 1996).  In other systems, longer steelhead migrations are associated with much earlier 
(months earlier) timing of adult returns relative to the spring spawn timing of upper Willamette 
River steelhead.  Thus, the late winter entry of Willamette River steelhead, which is believed to 
be an adaptation to allow historical passage over Willamette falls (Busby et al. 1996), may pose a 
temporal constraint on the migration distance that native steelhead can attain prior to spawning.  
Such time constraints may be more important than temperature in terms of the distribution of 
steelhead in the Willamette Basin.   

Extrinsic Factors 
 One of the most important factors driving sensitivity of upper Willamette River steelhead 
was hatchery influence, which was ranked high.  Though hatchery propagation of this lineage is 
no longer occurring, there are established populations of nonnative winter-run steelhead, active 
hatchery summer-run steelhead production, and feral natural production of non-native 
summer- and winter-run steelhead in the basin (Busby et al. 1996, Van Doornik et al. 2015).  
There is also a potential legacy of stocking non-native hatchery rainbow trout to support 
recreational harvest in reservoirs and rivers.   
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 In the Willamette Basin, historically introduced, nonnative steelhead with earlier winter 
run-timing have established to varying degrees in west-side tributaries that drain the Oregon 
Coast Range (Busby et al. 1996).  Recent analyses indicate these nonnative steelhead are 
genetically distinct from native populations to the east (Van Doornik et al. 2015).  Results of this 
work also indicate that native steelhead and resident rainbow trout in the upper Willamette Basin 
are distinctive, yet form a definable lineage relative to nonnative winter and nonnative 
summer-run steelhead.  Genetic analyses of native rainbow trout and native winter steelhead in 
the basin does not indicate a substantial level of introgression (Van Doornik et al. 2015).  
However, genetic analysis of fish from the nearby Sandy River suggests that non-native hatchery 
rainbow trout do not readily hybridize with native winter steelhead (Winans et al. 2018). 

 Ecological effects from this suite of nonnative, hatchery-derived populations of summer 
and winter steelhead and rainbow trout are a concern, though not well understood, partly because 
they can be extremely difficult to rigorously quantify (Weber and Fausch 2003).  This applies to 
largely unquantified direct and indirect effects, such as attraction of very large numbers of 
anglers to harvest nonnative steelhead and trout (and other salmonids, such as hatchery spring 
Chinook).  These popular river and reservoir fisheries may lead to incidental mortality of native 
juvenile and adult winter steelhead.  Such effects can be magnified in locations where access of 
native fish is constrained by the presence of impassible dams (Sheer and Steel 2006).   

 In addition to nonnative salmonids, there are growing numbers of nonnative fishes 
spreading throughout the basin, and the effects of these species may equal or exceed threats from 
nonnative salmonids (Williams 2014).  Most of these species are tolerant of much warmer water 
temperatures than salmonids, and climate warming could lead to their increased dominance over, 
or consumption of, upper Willamette River steelhead (Carey et al. 2011, Lawrence et al. 2012). 

 The Willamette River Basin supports the highest human population densities in the state 
of Oregon, and there are a variety of growing threats related to urbanization and water quality.  
These threats include unknown levels of pollution from a host of personal care and 
pharmaceutical products that are difficult to detect, often unregulated, and biologically active at 
extremely low concentrations (Yeakley et al. 2014). 

  Therefore, other stressors (which include non-native fish species and human caused 
habitat degradation) was ranked high, and was the highest-ranking climate sensitivity attribute 
for upper Willamette River steelhead.   

Adaptive Capacity 
 Winter steelhead in the upper Willamette River have an extended freshwater residency, 
and the majority of naturally produced smolts migrate during their second spring (Keefer and 
Caudil 2010).  Although it is possible for winter steelhead to complete the life cycle as resident 
O. mykiss, there is little information on the frequency of this life history trajectory, and it is not 
thought to be common among naturally produced fish.  While juvenile winter steelhead will 
redistribute themselves during freshwater residency, cooler, higher-elevation rearing habitat is 



S3-129 
 

not present in tributary basins (Molalla and Calapooia River), inaccessible due to impassable 
dams (North Santiam, Brietenbush, and Middle Santiam River), or severely degraded (South 
Santiam River).  There is considerable flexibility in juvenile migration timing (Keefer and Caudil 
2010) and adult return timing (Jepson et al. 2015) to adapt to changing temperature extremes.  
There has been no hatchery-supplementation of winter run steelhead since the late 1990s, and 
with the exception of hybridization with non-native summer-run and early-winter run steelhead, 
the genetic integrity of this DPS is thought to be relatively intact (Van Doornik et al. 2015).  
Adaptive capacity for Upper Willamette steelhead was ranked moderate. 
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