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FISHERIES 
 
 
A warming climate, by itself, substantially affects the hydrology of watersheds in the Blue 
Mountains. Among the key hydrologic changes projected under all scenarios for the 2040s and 
beyond are a higher fraction of annual precipitation that falls as rain rather than snow; earlier 
snowmelt; lower springtime snowpack; higher runoff and streamflow in autumn, winter, and 
early spring; lower runoff and streamflow in summer; an extended summer low-flow period; and 
overall reductions in summer streamflow. These trends are expected for monthly average flows 
and for streamflow extremes at a shorter time scale. In addition, substantial increases in peak 
flows are projected for autumn and winter. The direct effects of warmer air temperature and 
summer low flows have already caused stream temperatures to increase in some locations, 
especially in smaller streams. 
 
All of these climate-induced changes have the potential to cause considerable stress for fish 
species and other aquatic biota in the Blue Mountains. Lower elevation locations within and 
outside National Forest boundaries, which generally have higher stream temperatures naturally 
and are closest to physiological thresholds for fish species, will have the most near-term effects. 
Biogeographic context, individual species tolerances, and species life histories will strongly 
affect the ability of fish to withstand future warming of streams. This preliminary assessment of 
effects on fisheries focuses on bull trout, spring chinook salmon, and rainbow trout/steelhead. 
 
Bull trout appear to be the most susceptible fish species in the Blue Mountains. They require 
cold-water habitat, and because that habitat will become increasingly scarce as stream 
temperatures increase, cold-water refugia in higher elevations will be critical for maintaining 
viable populations. Higher peak flows will cause increased channel scouring, including the 
potential for destroying redds and killing young fry. Lower summer flows will make some 
streams too small to support fish at the upper extent, and the habitats that remain will be subject 
to environmental fluctuation associated with wildfires, debris flows, and increased winter 
flooding. 
 
Spring chinook salmon are also sensitive to elevated temperatures, and warmer streams can 
reduce the energy available for reproduction, sometimes causing mortality if high temperatures 
are sudden. Therefore, warmer temperatures associated with summer low flows will create 
stress, especially at lower elevations. Damage to populations from altered habitat caused by 
higher winter peak flows will probably be minimal unless there is a large increase in flows. 
Chinook use large substrates for spawning, and spawn in areas where the energy of flood water 
can be dissipated, so the potential for increased scouring will be minimal.  
 
Rainbow trout/steelhead are spring spawners that tolerate warmer stream temperatures than 
other fish species, and have the flexibility to move into cold upstream areas as refugia. Because 
it spawns in the spring, eggs are not particularly susceptible to increased winter flooding. Shifts 
in the timing of peak flows will likely result in changes in outmigration timing, survival, 
distribution, and availability of spawning and rearing habitats. Moderate temperature increases 
(stream temperature <20 oC) in cooler streams could improve habitat for rainbow trout, as well 
as lead to greater expression of the steelhead life history. In water temperatures >20 oC, the 
tradeoff between rainbow trout and steelhead life histories is less clear, but this species appears 
to have “options” for adaptation through use of different habitats and life history modification. 
Altered ocean conditions could reduce the expression of the steelhead life history, particularly in 
males, and reduce the size of returning adults. 
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VULNERABILITY ASSESSMENT — FISHERIES 
 
 
Broad-scale climate change effect 

 Water temperatures will increase.  

 Snowpack will decrease, causing a shift of peak flows from summer to spring, and a 
decrease in summer flows.  

 Peak flows will be flashier, likely resulting in channel scouring and increased 
sedimentation.  

 Wildfires will increase, creating the potential for increased erosion. 

 Ocean productivity may change, affecting anadromous fish species. 
 
Habitat, ecosystem function, or species 

 Fish species affected will differ by location. This assessment focuses on bull trout, spring 
chinook salmon, and rainbow trout/steelhead. 

 
Current condition, existing stressors 

 Altered riparian areas (from grazing, roads, recreation, etc.) – lead to elevated water 
temperatures 

 Reduced resiliency of stream habitat affected by removal of woody debris, roads, 
grazing, recreation, etc.  

 Reduced summer flows – related primarily to water withdrawals 

 Invasive species – predation on chinook salmon and steelhead 

 Influence of hatchery fish – chinook salmon and steelhead 

 Overfishing for chinook salmon 
 
Sensitivity to climatic variability and change 

 Bull trout – Bull trout require very cold water temperatures for spawning and juvenile 
rearing, so their populations are already greatly constrained by the limited availability of 
cold habitats in the Blue Mountains. Moreover, these natal habitats are confined at their 
upstream extent by small stream size and channel slope, so bull trout populations are 
the fish world’s equivalent to terrestrial species that are trapped on “mountain-top 
islands.” Increasing temperatures will eliminate cold habitats at the downstream extent of 
these populations. Decreasing summer flows will make some streams too small to 
support fish at the upper extent, and the habitats that remain will be subject to increased 
environmental fluctuation associated with wildfires, debris flows and increased winter 
flooding. 

 Spring chinook salmon – Adults require cool water for holding in fresh water prior to 
spawning.  Juveniles could also be affected by warmer temperatures. A major impact 
may be changes in the size of adults and fecundity of females resulting from ocean 
acidification and warming. Chinook salmon adults migrate upstream into low elevation 
mainstem rivers and streams to spawn during the warmest months of the year. During 
especially warm summers, adult salmon sometimes experience direct mortality from 
thermal stress prior to spawning. These mortality events are exacerbated by decreases 
in summer flows, which confine the fish to smaller areas. Anticipated temperature 
increases will increase the frequency and severity of thermal stresses on Chinook 
salmon. 

 Rainbow trout/steelhead – Most steelhead populations in the Pacific Northwest have 
reduced populations because they already have experienced changes in stream 
temperature and flow patterns as a result of land and water use practices. Both the 
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resident and anadromous forms are important to maintain many overall populations. 
Both life forms have a lot of phenotypic plasticity to withstand and adapt to change, but 
climate change will likely increase competition between these life forms and will certainly 
affect populations that use lower elevations that are more susceptible to change. The 
loss or reduction in the larger anadromous form will mean fewer eggs which may affect 
the overall population in each Major Population Group. This species has a large adaptive 
capacity with a range of life histories and wide environmental tolerances, which will 
reduce sensitivity to the potential effects of climate change. Altered ocean conditions 
may have an effect on the expression of the steelhead life history. 

 
Expected effects of climate change 

 Bull trout – Changes in water temperature will be an important determinant of 
persistence. Long-term climate patterns suggest both an expected decrease in the total 
amount of cold water stream habitat and fragmentation of some colder areas into 
disconnected “patches” of suitable habitat. Bull trout populations will likely increase 
retreat into these shrinking summer cold water refuges to avoid warming conditions. 
These restricted tributary populations may become more vulnerable to local extirpation. 
Many remaining patches will be subjected to more frequent winter peak flows that will 
scour the streambed and destroy redds and/or kill newly emerged fry. Conceivably, the 
combined effects of shrinking patch size and increasing frequency or magnitude of 
stream channel disturbance could chip away at the low resiliency of these populations, 
leaving them in a poorer condition to withstand the next series of disturbances, and 
accelerating the rate of local extirpations beyond that driven by temperature alone. 
Wildfire effects are less clear, although minimal empirical data suggest that wildfire will 
have minimal effects on bull trout.  

 Spring chinook salmon – Elevated temperatures can reduce the energy available for 
reproduction and cause mortality, particularly where there are sudden increases in water 
temperatures. Effects from higher winter floods will probably be minimal unless there is a 
very large increase. These fish are large, use large substrates for spawning, and spawn 
in areas where the energy of flood water can be dissipated, so the potential for 
increased scouring is likely to minimal. 

 Rainbow trout/steelhead – This species is a spring spawner and has a relatively warm 
thermal niche; it can move into some cold upstream areas as refugia. Because it spawns 
in the spring, eggs are not as susceptible to increased winter flooding as fall spawners. 
Shifts in the timing of peak flows will likely result in changes in outmigration timing, 
changes in survival, changes in distribution, and changes in the availability of spawning 
and rearing habitats. Increases in the temperature of cooler waters (i.e., those <9oC 
currently) could improve habitat for rainbow trout.  Further temperature increases (12-20 

oC) could lead to greater expression of the steelhead life history. It is less clear what the 
trade-off between rainbow trout and steelhead life histories will be at water temperatures 
>20 oC.  Altered ocean conditions could reduce the expression of the steelhead life 
history, particularly in males, and reduce the size of returning adults. 

 
Adaptive capacity 

 Bull trout – This species has very limited capacity to adapt given their limited current 
habitats and restrictive ecological tolerances. 

 Spring chinook salmon – The adaptive capacity is probably presently compromised 
because of low population numbers. T. Beechie, NOAA Fisheries Seattle, has 
suggested the spring chinook salmon (stream-type life history) in Puget Sound may 
become fall chinook salmon (ocean-type life history) in response to changes of climate 
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change (warmer water and lower summer flows). This could be possible in the 
Columbia Basin but is not as likely as in Puget Sound. These fish may be able to adjust 
to altered ocean conditions by reducing the time spent in the ocean, resulting in smaller, 
younger fish returning to streams. 

 Rainbow trout/steelhead – This species has high adaptive capacity for adjusting to 
potential effects of climate change. 

 
Risk Assessment 
Magnitude of effects 

 Bull trout – High magnitude of temperature effects by 2050 given that both species are 
already strongly and negatively affected by warm temperatures. 

 Spring chinook salmon – High magnitude of temperature effects by 2050 given that 
both species are already strongly and negatively affected by warm temperatures. The 
effects of altered ocean conditions may pose the greatest risk to these fish. In fresh 
water, elevated summer temperatures will be the greatest challenge and it is likely to 
increase with time. The latter can be potentially offset with restoration of riparian areas in 
streams throughout the stream network. 

 Rainbow trout/steelhead – This species could be less affected by altered ocean 
conditions because of the ability to express life histories that are resident in freshwater. 
However, the steelhead component of a population may decline. Steelhead exhibit high 
phenotypic plasticity and may shift the timing of a life stage transition to reduce the 
probability of exposure to changes in stream temperature and flow, although there is a 
limit to how much steelhead can shift the timing of life stages.   

 Low summer flows – Low effect on chinook by 2050; moderate by 2100.  Moderate 
effect on bull trout by 2050; high by 2100. 

 Winter flood frequency – Low effect on chinook by 2050 and 2100. Moderate effect on 
bull trout by 2050; high by 2100. 

 Wildfires/debris flows – Low effect on chinook by 2050 and 2100. Moderate effect on bull 
trout by 2050; high by 2100. 

 Invasive species – Moderate effect on chinook from smallmouth bass by 2050, high 
effect by 2100. Low effect on bull trout from brook trout by 2050; moderate by 2100. 

 
Likelihood of effects 

 Temperature effects – High likelihood by 2050. 

 Low summer flows – Moderate likelihood by 2050, but hydrology models need to 
improve for this parameter. Also need more flow data from small headwater streams to 
calibrate hydrology models. 

 Winter flood frequency increase – High likelihood by 2050 because it is largely controlled 
by temperature. 

 Wildfires/debris flows – High likelihood by 2050. 

 Invasive species – High likelihood by 2050 and 2100 because overlap with native 
species is strongly controlled by temperatures. 


