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The Upper Willamette River population of spring Chinook salmon (Oncorhynchus tshawytscha) 
is listed as threatened under the Endangered Species Act. Life cycle models are being used in 
each sub-basin to evaluate population responses to alternative fish passage measures through 
high-head dams operated by the US Army Corps of Engineers (USACE). Survival through 
different events in the Chinook salmon life cycle influences the potential for population recovery 
in response to dam passage measures. Juvenile Chinook salmon must survive from emergence in 
natal streams to move into reservoirs, through dam passage, downstream migration and smolting 
into the marine environment, before returning as adults. Due to the challenges involved in 
estimating them, many of these survival rates are poorly understood. 


Survival rates can be estimated by modelling data on detections of fish implanted with Passive 
Integrated Transponder (PIT) tags. The Cormack-Jolly-Seber (CJS) model estimates the survival 
rate between discrete release and detection locations by adjusting the numbers of PIT tag 
detections at each location for the probability of detection at each location. This study aimed to 
1) estimate release to smolt survival rate (RSS) and smolt to adult survival rate (SAS) in different 
Willamette River sub-basins, 2) interpret differences in RSS and SAS within and between sub-
basins, and 3) determine how the estimates of SAS influenced population responses to alternative 
dam passage measures when used as input parameters in life cycle models. 


A Bayesian CJS model was used to estimate RSS and SAS of juvenile Chinook salmon released 
into reservoirs above and tailraces below USACE dams in 2011-2015, using detection locations 
at Willamette Falls (Sullivan Juvenile Bypass Facility for smolts, Willamette Falls Fishway for 
returning adults). Informative prior probability distributions were developed and used to reduce 
uncertainty in each of the survival rate and detection probability estimates. 


Release to smolt survival rate showed differences between sub-basins that could be explained by 
factors including distance from release to SUJ, month of release and length at release. Water year 
type influenced differences in RSS estimates within sub-basins, where the general pattern was 
abundant > adequate > deficit. Depending upon release location (above or below dam), smolt to 
adult survival rate showed differences of up to an order of magnitude between sub-basins. Mean 
SAS estimates in the Middle Fork were the lowest at 0.5%, while North Santiam and McKenzie 
estimates were higher at 1.6% and 1.7%, respectively. While some of these differences can be 
explained by release month and length, there appears to be a sub-basin specific effect. Release 
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location affected SAS estimates within sub-basins, whereby juvenile release groups that had 
opportunity to grow in reservoirs prior to smolting showed higher marine survival. 


When incorporated into life cycle models, the relative smolt to adult survival rates between sub-
basins influenced the potential for passage measures to result in population recovery. Compared 
to baseline conditions, a structural passage alternative led to greater than ten-fold increases in 
projected numbers of natural-origin spawners (NOR) above dams in the North Santiam and 
McKenzie sub-basins, but only about a three-fold increase in NOR above dams in the Middle 
Fork. These findings highlight that although dam passage measures can improve the status of 
Chinook salmon, marine survival remains an important factor in their population dynamics that 
is much more difficult to mitigate for. 
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Spring Chinook salmon (Oncorhynchus tshawytscha) in the Middle Fork of the Willamette River 
(MFW) were listed as threatened under the Endangered Species Act in 1999.  A Biological 
Opinion provided by the National Marine Fisheries Service in 2008 prompted the Corps to 
conduct research, monitoring and evaluation to assess the feasibility and benefits of alternative 
approaches for dam passage in the MFW.  Life cycle models (LCMs) of spring Chinook salmon 
in the Upper Willamette sub-basins have been previously developed for this purpose (COP 
2015). To provide an independent assessment, a new LCM has recently been constructed by 
University of British Columbia (UBC) modelers.   


Diversity in juvenile migrant history types has been recognized as one component of population 
viability as reflected in the formulation of the Viable Salmonid Population (VSP) performance 
metric and therefore needs to be explicitly included in LCMs (McElhany 2003, 2006).  
Schroeder et al. (2016) identified six juvenile migrant histories in the McKenzie sub-basin and 
hypothesized that maintaining this diversity would help to reduce variability in the total 
abundance of juvenile outmigrants.  In contrast to a previously constructed LCM which 
considered three juvenile migrant history types, we developed, consistent with the findings of 
Schroeder et al. (2016), a LCM for above dam populations of Upper Willamette spring Chinook 
salmon which represents six juvenile migrant histories.  We recognized two groups of reservoir 
entrants which correspond with the timing of movement of juveniles from their natal spawning 
streams; one group called movers migrates downstream and into the reservoir soon after fry 
emergence in the spring; a second group called stayers stays in the natal stream a least until after 
summer and migrates from the natal spawning stream into the reservoir autumn as sub-yearlings, 
or during the following spring as yearlings.  Each of these two groups are further divided up in 
association with the timing of migration past the dam in either the first spring, autumn or the 
following spring.  This gave rise to the following juvenile migrant groups: 


1. Fry that pass the dam/smolt in spring = mover-subyearling 
2. Subyearling that pass the dam in fall having spent summer in reservoir = mover-autumn 
3. Subyearling that pass the dam in fall having spent summer in stream = stayer-fall 


migrant-autumn 
4. Yearling that pass the dam the next spring having spent summer and winter in reservoir = 


mover-yearling 
5. Yearling that pass the dam the next spring having spent only winter in reservoir = stayer-


fall migrant-yearling 
6. Yearling that pass the dam the next spring having spent nearly all of their life in stream = 


stayer-spring migrant-yearling 
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The precise causal determinants of juvenile migrant group variation in above-reservoir spring 
Chinook salmon populations remain poorly understood.  However, the frequency distribution of 
migrant history types is quantifiable from a variety of field data.  We used Rotary Screw Trap 
data collected by Romer (Romer 2011-2016) to parametrize the reservoir entry proportions of the 
six juvenile migrant history types.  The hypothesized values for above dam survival rates of 
these juvenile migrant groups were obtained from the literature (Zabel 2015).  The numbers of 
fish in each juvenile migrant group were computed in our LCM accounting for the effects of dam 
operations, reservoir survival, and the documented migration patterns of juvenile spring Chinook 
salmon.    


Some preliminary LCM predictions of the relative frequencies of juvenile migrant groups under 
recent water year types and dam operations are reviewed for the McKenzie, Middle Fork, South 
Santiam and North Santiam sub-basins.  Our LCM analyses show that deliberate modifications to 
dam passage structures and operations can potentially have large impacts on the relative 
frequencies of occurrence of juvenile migrant types; this is because lengthier delays in juvenile 
dam passage may lead to higher mortality rates from reservoir rearing, but also increased growth 
and associated changes in dam passage survival, depending on the dam passage routes taken. 








Evaluation of the Sensitivity of Recovery Potential of Spring Chinook Salmon 
in the Middle Fork to Different Sources of Uncertainty 


Roberto Licandeo, Eric Parkinson, Tom Porteus, Oliver Murray, and Mairin Deith & Murdoch 
McAllister 
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A multi-stage life cycle model for Middle Fork (MF) spring Chinook salmon (Oncorhynchus 
tshawytscha) was developed to evaluate the efficacy of alternative dam passage measures under 
uncertainty. See McAllister et al. (2022 Willamette Science Review) for an overview of the 
model calibration methodology. Input parameters for the different groups of migrant spring 
Chinook salmon, when possible, were estimated from PIT tag data or the multi-stage life cycle 
model fitted to MF data, otherwise, from reports and literature. The parameter distributions (i.e., 
from data or reports) range from wide to very narrow, but overall they remain pretty uncertain. 
MF shows very low abundances of natural origin spawners (NORs) over the last two decades 
(average 94, range 14-259, n=19). Therefore, we performed a sensitivity analysis for some key 
model parameters to assess their effect on the predicted NOR abundance (after pre-spawn 
mortality (PSM)) by projecting the population model for 30 years for the base case scenario (i.e., 
current conditions). We used the deterministic model to vary one (or two) parameter(s) (e.g., 
survival rates) over a range of values (e.g., 0,…,1) while fixing the others to their mean 
estimated value. The sensitivity analysis included the first stage of marine survival, reservoir 
survivals, PSM (below and above), dam passage efficiency and survival (DPE, and DPS, 
respectively), and egg-to-fry survival. The results show that 1+ to-age3 and 0+ to-age3 marine 
survivals are the most influential parameter affecting the predicted NOR abundance, particularly 
the 1+ to-age3 marine survival. In addition, uncertainty over reservoir survivals (for fish 
remaining in spring and fall at LOP) were more influential than those over DPE, DPS and PSM. 
Therefore, the low abundance of NOR spawners could be explained by  marine survival and 
reservoir survival rates lower than those for spring Chinook salmon in other Willamette sub-
basins. 
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Our modeling team developed a multi-stage life cycle model for winter steelhead (Oncorhynchus 
mykiss) to evaluate the potential of alternative dam passage measures in restoring the Winter 
Steelhead (WS) Distinct Population Segment (DPSG) in the Upper Willamette River (UWR).  The 
demography of female recruits versus spawners was modeled by breaking the life cycle into 3 
phases: a density-dependent egg-smolt phase, and two density independent phases, (dam passage, 
smolt to adult survival). Downstream passage parameters were dam passage efficiency (DPE) and 
dam passage survival (DPSV) values from USACE runs of the Fish Benefits Workbook, which 
only varied by +0.5% among water years.  Smolt to adult survival was derived from several studies 
of smolt (Columbia Estuary) to adult (Bonneville) summarized in McCann et al. (2021). Recruit 
cohorts were linked to a spawner year using age structure and repeat spawning incidence from 
various UWR locations. Information from surrogate smolts, released into Foster Reservoir, as well 
as data from other Columbia River populations, indicate that both the timing and size of unclipped 
steelhead smolts have unimodal distributions (April-June, 150-220 mm).   
 
Above dam freshwater survival (FS) was estimated by fitting the demographic model to counts of 
female WS adults that returned to Foster Dam and were out-planted above to the dam into the 
South Santiam River between 2006 and 2020.  The estimated value, 2.50% egg-smolt survival, is 
comparable to low density FS measured for steelhead in other systems.  If FS, DPS, DPE are 
constant across all years, then the among year variation is driven entirely by variation in Marine 
Survival (MS), which accounted for most of the variation among years (Fig 1). Average 2010-
2020 spawner abundance under Current Operations and Perfect Passage were 52% and 327% of 
Historic Operations, respectively.  Revisions to operations that are under consideration have the 
potential to increase abundance by up to 210% of historic abundance. 
 
The current model represents a small fraction of the juvenile steelhead habitat in the UWR and 
needs to be extrapolated to reaches above and below dams. Steelhead of the UWR DPSG spawn 
and rear in the Molalla, North Santiam, South Santiam, and Calapooia sub-basins but dams are 
present on the North Santiam and South Santiam only and many WS spawn in the mainstems and 
tributaries below these dams.  As a result, most of the Critical Habitat designated in the WS UWR 
DPSG in the 2011 Recovery Plan (ODFW and NMFS 2011) is below dams and therefore 
unaffected by dam passage mitigation. In the South Santiam sub-basin, however, reaches above 
Foster and Green Peter dams account for between 65-80% of potential juvenile steelhead habitat, 
depending on the estimation method (Bond et al 2017). The above dam habitat here therefore plays 
three key roles in the recovery plan: (1) access to high quality habitat, (2) breeding isolation from 
summer steelhead, and (3) an effective monitoring opportunity for returning adults at dam 
collection facilities. 
 
Bond, MH, et al. 2017. Estimates of UWR Chinook and Steelhead spawning and rearing capacity 
above and below Willamette Project (WP) Dams.  NOAA Fisheries / NWFSC Fish Ecology 
Division. 
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STUDY CODE: APH-15-04-DET 
McCann et al.  2021. https://www.fpc.org/documents/CSS/DRAFT2021CSSAnnualReport.pdf  
ODFW and NMFS. 2012. https://www.dfw.state.or.us/fish/crp/upper_willamette_river_plan.asp  
 
 
 


 
Figure 1. Observed and modeled abundance of female steelhead returning to the Foster Dam Fishway.  “Historical Baseline” 
estimates reflect passage parameter that were in place prior to a 2018 change in operations.  Passage is thought to be lower 
under the current operational regime and the 2010-2020 “Current Operations” abundance estimates are retrospective predictions 
of the effect of this change. A “Perfect Passage” scenario is included as a prediction of the effect of restoring 100% passage. All 
scenarios are the same until 2009 because identical initial conditions and the time lag between changes in passage and adult 
returns. 


 
 
 
 
 
 



https://www.fpc.org/documents/CSS/DRAFT2021CSSAnnualReport.pdf

https://www.dfw.state.or.us/fish/crp/upper_willamette_river_plan.asp



		A Modeling Analysis of the Potential for Restoration of South Santiam River Winter Steelhead using Dam Passage Mitigation






High Head Bypass Fish Passage Investigations Year Two: 
Truck Transport vs. Bypass 


Stephanie Liss, Eric Fischer, Ryan Harnish, Ben Vaage, James Hughes, and Jarrod Ver Steeg 
Pacific Northwest National Laboratory, Richland, WA 


stephanie.liss@pnnl.gov 


Pacific Northwest National Laboratory conducted a Year Two fish physiology study during fall 
2020 at Green Peter Dam (Green Peter), Oregon, for the U.S. Army Corps of Engineers – 
Portland District (USACE), to investigate the effects of downstream passage at a high head dam 
on fish health.  We compared two conveyance methods: (1) downstream fish passage through a 
bypass system (bypass pipe), and (2) downstream fish passage at a collection facility with 
vehicle conveyance (truck transport) using juvenile Chinook salmon that were infected with 
copepods, and separately fish that were healthy.  The goal of this study was to understand if there 
was a downstream passage conveyance that minimized stress in juvenile fish.  Full-scale studies 
using copepod-infected and healthy fish were separately evaluated for fish stress (utilizing 
concentrations of cortisol [a primary stress response hormone], glucose, and lactate [secondary 
stress response metabolites]), injury (e.g., hemorrhages, eye damage, torn operculum, etc.), and 
short-term (24 h) survival after exposure to one of two downstream passage conveyances, 
representative of transport conveyance (truck transport) or bypass pipe passage. 


Infected and healthy Chinook salmon surrogates were provided by the Oregon State University 
Wild Fish Surrogate Program and were reared to the approximate size (mean: 140–160 mm in 
fork length) of migrating juveniles.  The infected fish study occurred first, followed by the 
healthy fish study.  Fish were transported to Green Peter and randomly and equally sorted into 
holding tanks.  Fish in the bypass pipe simulation were held in tanks on top of Green Peter on the 
forebay side of the bypass, whereas fish for the truck transport simulations were held in tanks at 
the base of the dam.  Simulations (bypass pipe or truck transport) began after a two-week 
acclimation period at Green Peter.  Fish either underwent a simulation or were controls (i.e., did 
not undergo any simulation).  There was one bypass pipe treatment and three truck transport 
treatments, representative of different holding times at a collection facility prior to downstream 
transport (i.e., 1 h, 12 h, and 24 h).  Subsamples of control fish were taken for blood plasma 
analyses at one time prior to the start of each treatment.  Subsamples of treatment fish were taken 
at six times post-treatment (0, 0.5, 1, 3, 6, and 24 h).  Injury assessments and survival occurred at 
the same post-treatment sampling times.  Cortisol analyses were performed in the laboratory and 
glucose and lactate were evaluated using handheld devices in the field. 


Copepod-Infected Fish 


We sampled 557 copepod-infected fish (n = 479 simulation fish and n = 78 controls).  The 
cortisol stress response results indicated all fish were stressed as a result of the bypass pipe and 
truck transport simulations.  Differences in environmental conditions (water temperature and 
dissolved oxygen) and cortisol concentrations for control fish among holding tank locations from 
the infected fish objective indicated a potential tank location effect; therefore, treatment:control 
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cortisol concentration ratios (T:C) were used for analyses.  However, true concentrations were 
also utilized for ease of comparability.  True concentrations were used for infected fish glucose 
and lactate analyses because no differences in those variables were identified among holding 
tank locations for control fish. 


Cortisol concentrations peaked between 0.5–1 h post-treatment and returning to near baseline 
levels by 24 h post-treatment.  Glucose concentrations varied across treatments, typically 
peaking at 3 h post-treatment, except for fish in the 1 h transport treatment, whose glucose 
peaked at 6 h post-treatment.  Lactate concentrations followed the same trends as cortisol, with 
increased concentrations 0.5–1 h post-treatment and nearing or going below baseline levels by 24 
h post-treatment. 


Infected fish for the bypass pipe treatment had a greater number of injuries compared to infected 
fish in the 1 h and 12 h transport treatments (Fisher’s exact test; P < 0.001), although there were 
no treatment differences in survival (Fisher’s exact test; P = 0.54), nor in the proportion of 
infected fish with visible copepods or gill damage (Fisher’s exact; P = 0.62). 


Healthy Fish 


We sampled 558 healthy fish (n = 478 simulation fish and n = 80 controls).  Again, all fish were 
stressed as a result of the bypass pipe and truck transport simulations.  Although there were 
differences in environmental conditions for the healthy fish among tank locations, there was no 
tank location effect because bypass pipe control fish had similar cortisol, glucose, and lactate 
concentrations as the transport control fish, and true concentrations were compared for all three 
variables.  However, T:C analysis was also performed for cortisol for comparison to the Year 
One study. 


Cortisol concentrations were consistently higher for fish in the bypass pipe treatment compared 
to the three truck transport treatments at all but one post-treatment sampling time (6 h).  
Interestingly, bypass pipe fish cortisol concentrations did not decrease from 6 h to 24 h post-
treatment like they did for fish from the three transport treatments.  Taken together, results from 
the Year Two study potentially indicate bypass pipe fish experienced a more severe stressor than 
the transport fish. 


Glucose concentrations varied across treatments, typically peaking at 3 h post-treatment, except 
for bypass pipe treatment fish, whose glucose peaked at 6 h post-treatment.  Lactate 
concentrations followed the same trends as cortisol, with peak concentrations occurring between 
0.5–1 h post-treatment.  There were no differences in injuries (Fisher’s exact test; P = 0.42), nor 
in rate of survival (Fisher’s exact test; P = 0.76) among treatments. 


Overall, results from the Year Two study showed that when cortisol, glucose, and lactate 
concentrations were examined in combination, all fish (infected and healthy) were stressed from 
all of the truck transport and bypass pipe treatments.  Fish stress also trended towards returning 
to baseline levels by 24 h post-treatment, indicating the fish were recovering and the effects of 
the initial (fight-or-flight) stress response were temporary.  However, a clear trend in the Year 
Two study identified the bypass pipe treatment as a more stressful treatment, regardless of health 







status (infected or healthy) and regardless of metric used to compare results (T:C or true cortisol 
concentrations). 
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A field study and habitat modeling effort were conducted to: (1) evaluate the performance of the 
habitat model; and (2) to describe habitat use patterns for juvenile Chinook salmon in the 
Willamette River. The habitat model uses an underlying hydraulic model and habitat criteria 
provided by the Science for the Willamette Instream Flow Team (SWIFT). The field study was 
conducted during April–July in 2020 and 2021. Data were collected in a total of 634 habitat cells 
(approximately 2-m2 apiece) in the mainstem Willamette River (rkm 167–281), in the lower 
Santiam River (rkm 6–27), and in the lower McKenzie River (rkm 41 and rkm 33) and included 
parameters that described habitat conditions (Figure 1) and fish presence. Habitat cells included 
sites located in the main channel (373 cells; 59%), side channels (228 cells; 36%), and alcoves 
(33 cells; 5 percent). Snorkelers observed juvenile Chinook salmon in 42% of the cells in the 
main channel, 38% of the cells in the side channel, and in 6% of cells in alcoves.  


 


Figure 1.―Histograms showing data distributions for seven variables describing fish habitat that 
were collected in the Willamette River basin during April–July in 2020 and 2021.  
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Results from the study showed that habitat preference for juvenile Chinook salmon underwent a 
seasonal shift from April to July. Juvenile Chinook salmon transitioned into habitat with higher 
water velocity as the season progressed (Figure 2). This transition resulted in fish using habitats 
during June and July that were substantially different than habitat defined by SWIFT (Figure 2). 
We also found that juvenile Chinook salmon were rarely observed in water depths less than 0.25 
m, whereas SWIFT criteria included water depths to a minimum of 0.05 m. For April, 92% of 
the cells where Chinook salmon were present had depth and velocities that fell within SWIFT 
criteria. However, in June and July a substantial percent (34% and 73%, respectively) of the cells 
where juvenile Chinook salmon were observed fell outside of the SWIFT criteria. Finally, depth 
preference remained largely unchanged throughout the study period so the hydrodynamic model 
criteria should primarily be modified to account for seasonal changes in water velocity 
preferences. These findings should prove useful for increasing the predictive accuracy of the 
hydrodynamic model for juvenile Chinook salmon rearing habitat.       


 


Figure 2.―Water velocity and depth measurements for habitat cells where juvenile Chinook 
salmon were observed (yellow) and not observed (purple) during sampling in April, June and 
July of 2020 and 2021. The blue overlay box outlines water velocity and depth values predicted 
as suitable habitat by the hydrodynamic model.  


We developed resource selection functions to describe the probability of juvenile Chinook 
salmon presence in Willamette River basin habitats based on water velocity and water depth for 







April, June and July (Figure 3). These functions illustrate the shift to areas of increased water 
velocity from April to July and provide updated criteria for use as inputs into the hydrodynamic 
model. Results from the field study and modeling efforts provide new insights into habitat use by 
juvenile Chinook salmon based on data that was explicitly collected in the Willamette River 
basin. 


 


Figure 3.―Monthly resource selection functions (black bold line) for juvenile Chinook salmon 
presence probability in Willamette River habitat based on water depth and water velocity. 
Uncertainty in the resource selection function estimates is shown as the grey band. Also included 
are kernel density plots showing the distribution of data collected each month in habitat cells 
where juvenile Chinook salmon were observed (yellow) and not observed (purple).  
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Sustaining the ecological integrity of lotic ecosystems, while providing needed water resources 


for human needs is a major challenge facing society. The Willamette River, Oregon has been 


altered by impoundments, flow regulation, and human land development, which has affected 


fluvial-dependent biota, such as federally threatened spring Chinook Salmon Oncorhynchus 


tshawytscha and winter Steelhead trout O. mykiss.  


Working with an interdisciplinary team of scientists and managers, we developed a decision 


support tool that integrates flow, habitat, and temperature models with ecological models for 


predicting the response of salmonids to alternative flow regimes. To illustrate, we introduce a 


decision support model for Chinook salmon and Steelhead trout and use the model to estimate 


four responses under seven candidate flow regimes: (1) the number of Chinook salmon redds that 


survive to emergence; (2) the number of juvenile Chinook salmon surviving to passage at 


Willamette Falls; (3) the number of age 1 Steelhead trout produced; and (4) the percentage of 


Steelhead trout smolts successfully migrating past Willamette Falls. We also conducted 


sensitivity analyses to identify the most influential components.  


Preliminary modeling results suggest that the flow regime varies by species and life history 


stage. However, model estimates under a subset of candidate flow regimes indicated relative 


minor losses when compared to estimated outcomes under the taxa-specific best regime. 


Sensitivity analyses identified key uncertainties that could be reduced within an adaptive 


framework where decision support model components are iteratively improved to gain better 


understanding of the mechanisms linking flow management actions to biotic responses. 
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The Yakima and Willamette rivers share several common features. Both are primary tributaries 
to the Columbia River, their streamflows are highly regulated with high-head dams located in 
upper tributaries and diversion dams located farther downstream, and each supports important 
populations of salmon and steelhead in the Columbia Basin. However, research to describe fish 
behavior and survival of juvenile salmon and steelhead (hereafter juvenile salmon) is distinctly 
different between these two rivers. In the Yakima River, juvenile salmon are primarily produced 
downstream of high-head dams and research has focused on the mainstem river where factors 
influencing survival include passage at diversion dams, streamflow, water temperature, and 
predation. In the Willamette River, research has focused on behavior and survival in large 
storage reservoirs and at high-head dams, and little is known about survival through the 
mainstem.  


We have been evaluating outmigration behavior and survival of juvenile salmon in the Yakima 
River since 2012 with tagging efforts focused on yearling and subyearling Chinook salmon, 
juvenile steelhead, and juvenile coho salmon. These studies have provided insights into route-
specific mortality rates at diversion dams (Figure 1), described entrainment probabilities into 
canals at diversion dams (Figure 2), and provided information that supports a flow-survival 
relationship (Figure 3). This presentation will summarize results from the multiyear study on the 
Yakima River which may be relevant to contemporary issues on the Willamette River that are 
not currently being assessed. 


 


Figure 1.―Relationship between streamflow and route-specific survival of juvenile salmon at 
Roza Dam during 2012–2014. 
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Figure 2.―Relationship between the proportion of streamflow diverted into Prosser Canal and 
the proportion of juvenile salmon entrained into the canal during 2018–2021. 


 


 


 


Figure 3.―Estimates of survival and relationship to streamflow at the time of release for weekly 
release groups of juvenile Chinook salmon in the Yakima River during 2018–2021.  


 





		Outmigration Survival of Juvenile Salmon and Steelhead in the Yakima River






Developing a Model to Predict How Streamflow Affects Smallmouth Bass 
Habitat in the Willamette River, Oregon, and Potential Overlap with Juvenile 


Chinook Salmon 
James White1, Toby Kock2, Josh Williams3, Stan Gregory4, and Randy Wildman4 


1U.S. Geological Survey, Portland, Oregon 
2U.S. Geological Survey, Cook, Washington 


3Washington Department of Fish and Wildlife, Wenatchee, Washington 
4Oregon State University, Corvallis, Oregon 


tkock@usgs.gov 


Effective management of endangered fish species requires careful consideration of many factors 
including population-level effects of mortality from predation at various life stages. In the 
Willamette River, juvenile Chinook salmon rear and outmigrate through the mainstem, including 
reaches where non-native smallmouth bass populations are substantial. Thus, a predictive tool 
would be useful for managers to: (1) describe how flow management influences potential habitat 
overlap between juvenile Chinook salmon and adult smallmouth bass; and (2) describe how 
future conditions, given current climate change projections, may influence smallmouth bass 
distribution in the Willamette River. Recently, the USGS Oregon Water Science Center has 
developed a hydrodynamic model that is proving useful for resource managers tasked with flow 
management decision-making. The initial intent of the model was to predict how habitat 
availability for juvenile and adult salmon and steelhead changes in response to streamflow. 
However, new developments are increasing the usefulness of the model. One of these 
developments is a “layer” that predicts adult smallmouth bass habitat based on attributes such as 
streamflow, water temperature, and revetment presence. This model is being refined based on 
past data collected by Oregon State University. Figure 1 illustrates model output comparing 
predicted habitat for smallmouth bass, Chinook salmon fry, and Chinook salmon parr in a short 
reach on the mainstem Willamette River. This presentation will provide an overview of the 
current model and discuss how its use will benefit managers in the Willamette River basin.   
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Figure 1.―Image showing predicted habitat for smallmouth bass, Chinook salmon fry, and 
Chinook salmon parr in a short reach on the mainstem Willamette River. The habitat predictions 
were generated from a hydrodynamic model in development for use in predicting habitat overlap 
between juvenile Chinook salmon and smallmouth bass, and for predicting how smallmouth bass 
distributions will change in the Willamette River basin in the future. 
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Willamette Valley Screw Trap Monitoring 
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Cramer Fish Sciences (CFS) monitored juvenile fish passage through the Willamette Valley 
Project (WVP) for the U.S. Army Corps of Engineers (USACE) during March-August 2021 
using rotary screw traps (RSTs). The purpose of this fish passage monitoring through the WVP is 
to understand the biological effects on downstream passage of ESA-listed emigrating juvenile 
Chinook salmon and steelhead implemented as part of:  


• The National Marine Fisheries Service 2008 Biological Opinion Reasonable and Prudent 
Alternative measures (2008 BiOp RPA). 


• A suite of interim measures implemented through August 2021, in addition to the measures 
in the 2008 BiOp RPA, to benefit ESA-listed salmonids in the Willamette River basin. 
Broadly, the interim measures were intended to improve water quality and downstream 
passage of juvenile salmonids.  


To understand the effects of these BiOp RPA and interim measures, rotary screw traps (RSTs) 
were used to monitor downstream outmigration of juvenile salmonids and other fishes with the 
following primary objectives: 1) enumerate catch of out-migrating native ESA-listed juvenile 
Chinook salmon, ESA-listed Winter steelhead and other non-target fish; 2) describe the out-
migration timing patterns, sizes, and life histories of naturally produced juvenile ESA-listed 
Chinook salmon and ESA-listed winter steelhead leaving WVP reservoirs; and 3) assess 
condition, injury, and mortality of juvenile Chinook salmon after passage through the WVP.  
Monitoring periods in 2021 were initially established based on the periods necessary to evaluate 
‘interim measures’ (through 31 August 2021). 


The following methods and analyses were conducted at each trapping location to achieve 
objectives:  


Objective 1. Juvenile Chinook salmon and non-target abundance. 
1. Juvenile salmon, steelhead and non-target fish were captured using RSTs and 


enumerated. 
2. Efficiency trials were conducted and when trap efficiency was sufficient, juvenile 


Chinook salmon abundance was estimated.  
Objective 2. Juvenile Chinook out-migration timing, sizes, and age-class. 


1. Assess Outmigration timing. 
2. Fork lengths and weights were measured, and age classes were assigned using length 


frequency histograms. 
Objective 3. Fish condition, injury, and mortality. 
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1. Juvenile Chinook were examined for injuries (mechanical injuries, barotrauma, etc.), 
presence/quantity of parasitic copepods (Salmincola californiensis), and mortality. 


Objective 1.  


A total of eight RSTs were operated at locations downstream of Big Cliff, Lookout Point and 
Cougar dams and upstream of Fall Creek Reservoir. Traps were operated between March and 
August and checked a minimum of once per day. Juvenile Chinook salmon caught were 
enumerated, measured for fork length (FL), weighed, and their condition was assessed using 
injury codes. Non-target species were enumerated and released. In addition to biological data, 
environmental data (temperature, gage height/discharge and weather) and trapping metrics 
(fishing time and trap revolutions) were collected. Trap efficiency was monitored at each site by 
releasing groups of marked juvenile Chinook salmon upstream of the RSTs including both 
hatchery fish and run-of-river fish. Subsequent recaptures were pooled by week and used to 
calculate weekly efficiency estimates. For locations with sufficient recaptures (trap capture 
efficiency), estimates of juvenile Chinook salmon abundance were calculated by expanding trap 
catches using the equations of Romer et al. (2012 - 2017). 


• The Fall Creek (above reservoir) trap was operated for a total of 83 days and captured a total 
of 424 juvenile Chinook salmon. Abundance at this location was not calculated due to 
insufficient recaptures.  


• The Lookout Point traps were operated for 121.75 days and captured a total 18 juvenile 
Chinook salmon. Abundance at this location was not calculated due to insufficient 
recaptures.  


• The three traps at the Cougar location were operated for 160 days, capturing 264 juvenile 
Chinook salmon. Abundance at this location was not calculated due to insufficient 
recaptures.  


• The Big Cliff trap was operated for 100 days, capturing 447 juvenile Chinook salmon. Trap 
efficiency was sufficient to estimate juvenile Chinook salmon abundance at 4,066 (95% CI: 
2,489-8,507) fish during the period of 7/4/2021 - 8/8/2021.  


• Most abundant non-target captures at Fall Creek were Oncorhynchus mykiss (rainbow trout), 
bluegill at Lookout Point, large-scale sucker at Cougar, and pumpkinseed sunfish at Big 
Cliff. 


Objective 2.  


We evaluated the migration timing of naturally produced juvenile Chinook salmon using catch 
data. Fish were assigned to ages and migratory life histories based on size at capture and 
evaluation of length frequency histograms.  


• Juvenile Chinook salmon catch at Fall Creek (above the reservoir) peaked during 
the second week of March (Figure 1) and the catch was predominately composed 







of fry (n = 402; mean 34.7 mm), however comparisons to historical catches 
(Keefer et al. 2012, 2013) suggests the trap was installed at least a month after 
typical peak migration.  


• Catches at Lookout Point indicated approximate equal proportions of sub-yearling 
(n = 9; mean 106 mm) and yearling migrants (n = 8; mean 143 mm). Most 
yearlings were captured in April, and sub-yearlings in June.  


• At Cougar, fry and yearling migrants were captured in spring (April - June) and 
sub-yearlings were captured throughout the summer (June - August). Sub-
yearlings (n = 116; mean 95 mm) were the most abundant age-class captured, 
followed by yearlings (n = 75; mean 137 mm), and fry (n = 73; mean 42 mm).  


• Catch below Big Cliff peaked in July, coinciding with the spill gates being 
opened. Sub-yearlings (n = 361; mean 122 mm) were the dominant age class 
followed by yearlings (n = 84; mean 165 mm) and fry (n = 2, mean 50 mm). 


Objective 3.  


All juvenile Chinook salmon captured were assessed for body condition, external injuries, and 
mortality.  


• At Fall Creek (above reservoir), 2.1% of the total catch of juvenile Chinook salmon exhibited 
at least one adverse external condition. 


• 33% of the total catch at Lookout Point exhibited at least one adverse external condition, and 
17% of the catch were mortalities.  


• At Cougar, 36% of the total catch of juvenile Chinook salmon exhibited at least one adverse 
external condition. The most prevalent conditions were copepod infections (33% of catch), 
and 1% of the catch were mortalities.  


• At Big Cliff, 89% of the total catch exhibited at least one adverse external condition, with the 
most common condition being copepod infection (82% of catch), followed by descaling 
(11% of catch). Mortality during the sampling season was 4% of the catch and was highest 
for the yearling age class.  


 







 


Figure 1. Number of juvenile Chinook salmon captured by week for each sampling location 
during 2021 RST monitoring. The Big Cliff trap was operated 5/23/2021 - 8/31/2021, 
Cougar traps (3) were operated 3/24/2021 - 8/31/2021, the Fall Creek trap was operated 
3/10/2021 - 6/1/2021, and the Lookout Point traps (3) were operated 3/15/2021 - 
7/19/2021. Green and red vertical lines represent the beginning and end of the sampling 
period at each site. 








Microbial Biomarkers for Pre-Spawning Mortality in Chinook Salmon 
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Pre-spawning mortality (PSM) presents a major problem for population recovery of spring 
Chinook salmon in the Willamette River basin. In certain reaches and years, PSM can exceed 
90%, despite efforts to improve habitat and passage operations. PSM rates are highly variable 
between populations and years. At the population level, PSM associates with temperature and the 
density of hatchery origin fish, but drivers of PSM risk for individuals within a given population 
and year are poorly understood, as is the timing of PSM initiation. In this study, our goal was to 
identify nonlethal biomarkers of senescence (a precursor to PSM) in individual Chinook salmon. 
Ultimately, this tool could help us predict PSM risk for individual fish at various points in their 
freshwater migration and maturation. This information could inform rapid mitigation efforts for 
populations with many at-risk individuals and could be used to identify the causes of individual-
level PSM risk. To achieve our goal of developing biomarkers for PSM, we pursued two specific 
objectives:  


Objective 1. Generate a laboratory model of senescence using hatchery-reared juvenile Chinook 
salmon. 


1. Treat juveniles with slow-release immunosuppressive stress hormones (cortisol and 
dexamethasone).  


2. Evaluate senescence in this model by comparing stress hormones, morbidity, and 
pathology with control fish.  


Objective 2. Identify gut microbiota that serve as biomarkers of senescence and morbidity. 


1. Compare gut microbiome communities from senescent and morbid juveniles with control 
and surviving juveniles and identify specific gut microbes that associate with senescence 
and morbidity. 


2. Compare results from our model system with a small pilot dataset from healthy and 
senescent adult fish.  


Objective 1.  


Juvenile Chinook salmon were obtained from South Santiam Hatchery and were 
intraperitoneally injected with slow-release vegetable shortening implants of stress hormones 
(cortisol or dexamethasone), or implant-only controls. Nonlethal gut swabs were collected from 
each fish after three weeks and seven weeks. Half the fish were euthanized three weeks post 
treatment to assess pathology and plasma cortisol levels, and the remaining fish were euthanized 
seven weeks post treatment. Mortality was 28% in cortisol-treated fish, 44% in dexamethasone-
treated fish, and 11% in control fish. Histopathological analysis identified gill lesions with 
opportunistic pathogens (e.g., surface bacteria and Ichthyobodo necatrix) as the immediate cause 
of mortality, indicating that stress hormones caused reduced immune response in treated fish. 
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Cortisol assays suggested that stress hormone implants were effective up to three weeks post 
treatment but diminished by seven weeks, therefore future studies using this model system will 
seek to extend treatments to create an improved model of senescence.  


 


Objective 2.  


Nonlethal gut swabs were sequenced to identify gut microbiota from 83 experimental juvenile 
fish and 7 adult fish (3 healthy and 4 senescent). We identified gut microbiome communities that 
were significantly associated with treatment and morbidity (Figure 1), and the specific bacterial 
groups driving these associations. Microbiome composition also differed between healthy and 
senescent adults collected from the Willamette Hatchery, and the differences observed between 
these groups reflected the patterns observed in our experimental data (Figure 2). Overall, our 
results support the potential of gut microbiota as individual-level predictors of senescence and 
pre-spawning mortality. Future efforts will focus on collecting nonlethal gut microbiome data 
from adult fish at various points in their freshwater migration and evaluating the accuracy of the 
gut microbiome as a predictor of PSM on different time scales.  


 


Figure 1: Microbiome community variation associated significantly with stress hormone 
treatment and morbidity among experimental juveniles. Distance between points represents 
microbiome community similarity. Treatment is indicated by color, and size indicates whether or 
not fish became morbid after sampling. Light gray points indicate fish that were collected at the 
last time point after treatment effects had waned. 


 







 


Figure 2: Adult fish had similar microbiome communities to those of morbid juveniles. The 
microbiomes of unhealthy adults (senescent based on histology) showed the most differences 
from surviving juveniles. Distance between points represents similarity between gut microbial 
communities. Smaller points indicate juvenile samples from the experimental model, with color 
indicating morbidity status. Larger, dark blue samples indicate adult samples, and within these, 
circles indicate healthy fish and triangles represent unhealthy (senescent) fish. Light gray points 
indicate juvenile fish that were collected at the last time point after treatment effects had waned. 








Fish Benefits Workbook: Current Applications and Future Development 
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To help inform proposed improvements to downstream fish passage of juvenile spring Chinook 
salmon and winter steelhead (Oncorhynchus tshawytscha and O. mykiss), the Fish Benefit 
Workbook (FBW) was created in 2014 by the Portland District U.S. Army Corps of Engineers 
with input from National Oceanic and Atmospheric Administration Fisheries, Oregon 
Department of Fish and Wildlife, and other agencies. This Excel spreadsheet- and Visual Basic-
based workbook models the impacts of changes to water operations and fish passage structures 
on rates of juvenile fish passage and survival. Designed with the goal of ranking plausible 
alternative operation and structural changes to 13dams, estimated dam survival and passage 
efficiency rates from FBW comprise key components of the UBC Team’s life cycle models 
(LCMs). As part of our work towards building LCMs for the Willamette River Basin, we 
translated FBW into the R statistical programming language (r-project.org) to allow for flexible 
use and continued development. 


The purpose of the conversion to R is two-fold: (1) to allow better integration within LCMs, and 
(2) to better incorporate and propagate parameter uncertainties within the FBW model and 
propagate those uncertainties to estimated survival and passage outputs. This translation also 
allows for further development of FBW to address remaining limitations of the model. The 
objectives of this talk are to explain (1) the intended use of FBW, including data inputs and 
modeled processes; (2) limitations in FBW that can be addressed in the R-based framework; and 
(3) future steps that allow for more transparent ranking of dam passage and operation 
alternatives. 


Objective 1. FBW Operation 


FBW models fish passage through each of eight high-head dams in the Willamette River Basin 
with the goal of informing proposed changes to operational and structural fish passage 
improvements. It is informed by two main components. First, a reservoir simulation model, RES-
SIM, models flow through each dam under different dam operation and structure scenarios. 
Second, dam-specific run timing information, survival rate estimates, and other parameters are 
used to estimate what routes juvenile fish will use when passing the dam and their survival 
through those routes. This second set of parameters was generated from a combination of 
published and gray literature, and from data gathered during a workshop with the Portland 
District, U.S. Army Corps of Engineers and agency partners.  


Objective 2. Current limitations to the FBW model 
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The current version of FBW has some shortcomings that limit its applicability. For example, site- 
and project-specific data are limited, even for current conditions; as such, many parameters were 
taken from other Willamette Valley Projects or professional opinion. At the same time, RES-
SIM only models daily flow patterns although dam operation changes occur hourly. Finally, 
among the most serious limitation is FBW’s inability to express uncertainty in input parameters 
or outputs.  FBW produces dam passage efficiency (DPE) and dam passage survival rate (DPS) 
rate estimates for several dam structural and operational modifications for which no previous 
experience exists on a given dam.  Expert judgment and studies on similar systems were applied 
to formulate parameter values for the modelled processes.  Yet, FBW does not produce measures 
of uncertainty in the outputted DPE and DPS.  Instead, processes within the FBW model use 
point estimates or functions of flow. As a result, uncertainty in input parameters is not 
propagated to FBW’s estimates of project survival, rendering such outputs more precise and 
potentially more or less optimistic than what would be observed if operational or structural fish 
passage improvements were implemented. 


Objective 3. Future development of FBW 


Parameterization of FBW can benefit greatly by more in-situ data collection and better 
understanding of fish behavior at high head dams. While these issues can be addressed within the 
spreadsheet implementation of FBW, translation to R offers far more flexibility in terms of 
expression of uncertainty. Even when varying key parameters within the ranges observed in site-
specific data, project survival can vary as much as 10% or more (Figure 1). Capturing and 
reporting such variation and uncertainty is vital to understanding the full range of potential 
survival rates that might be realized under alternative dam passage operations and structures.  


 


  







Figure 1. Sensitivity of FBW project survival estimates to high and low parameter values for 
several key FBW inputs: run timing, survival through the regulating outlets, turbines, and 
spillway (s(RO), s(Turb), and s(Spill), respectively), dam passage efficiency (DPE), and route 
effectiveness (RE). High and low alternative inputs are considered realistic “bookends” of 
available data for each of Cougar Dam (panel a) and Detroit Dam (panel b). The vertical axis 
represents baseline survival estimates from an FBW run parameterized with recommended 
values. Sensitivity results from Tables 2-3 of Alden (2014). 
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Considering Dam Passage for Spring Chinook Salmon Populations in the 
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A multi-stage life cycle model for Upper Willamette spring Chinook salmon (Oncorhynchus 
tshawytscha) was developed to evaluate the efficacy of alternative dam passage measures at high 
head dams in the McKenzie, Middle Fork, South Santiam and North Santiam sub-basins (Figure 
1). Only the above dam breeding population components were represented in the population 
dynamics models developed; the population components that may spawn in river reaches below 
the dams were excluded from the models.  In each sub-basin, six juvenile chinook salmon migrant 
types were represented.  These were categorized into fry that either stayed in their natal streams 
until after their first summer (stayers) or moved from their natal stream before their first summer 
(movers).  Movers became smolts either in their first spring or autumn or in the spring of the 
following year. Stayers either moved into the reservoir and became smolts in the first autumn, 
moved into the reservoir in the first autumn and became smolt the following spring or moved into 
the reservoir and also became smolts the following spring.  Cohorts of each juvenile migrant type 
were tracked separately from each brood year.  
 
Pre-spawn mortality of mature adults was represented both below and above dams.  The 
contribution of hatchery origin adults to above dam spawning was represented where Hatchery 
and Genetic Management Plan (HGMP) guidelines allowed for this, and tended to be higher in 
sub-basins where the average abundance of natural origin (NOR) adults has been very low.  Values 
for dam passage efficiency (DPE) and dam passage survival (DPS) rates were obtained from Corps 
runs of the Fish Benefits Work for particular dam passage options in each of the sub-basins.  
Estimates of tailrace to Willamette Falls survival rates and smolt to adult survival rates were 
obtained by fitting Cormack Jolly-Seber models to release and detection records from PIT tag 
studies in each of the sub-basins.  Smolt-adult survival rates were reparameterized to separate 
average marine fishing and natural mortality rates at age based on stock assessment results from 
US-Canada Chinook Technical Committee reports. Egg-to-fry survival rates and PSM were 
modeled as density-dependent processes with parameter values obtained from the literature with 
the latter dependent also on the seven-day average maximum daily water temperature.   
 
The life cycle models for each sub-basin were calibrated by freeing up natural mortality rate in the 
first year at sea and the proportion maturing at age.  The life cycle models were fitted to time series 
records for NOR adults that returned to each dam tailrace and historic time series of spawner age 
compositions above the dams (Figure 2).  The fitted models were projected for 30 years based on 
representations of recent passage and different permutations of historic records for hydrological 
conditions.  Because model predictions for DPE, DPS and PSM depend on the hydrological 
attributes of a given year, a bootstrap of historic year records was applied to ensure consistency 
between simulated values for parameters and river flows, and temperatures above and below dams 
in a given future year.  The projections incorporated uncertainties in numerous different parameter 
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values including reservoir survival rates, marine survival rates, egg-fry survival rates, dam passage 
survival rates, dam passage efficiency, tailrace to SUJ survival rates, and PSM.   
 
Projections of NOR adult abundance based on hatchery origin out-planting guidelines and recent 
conditions predicted that above dam natural origin populations on average would continue to 
decline the South Santiam sub-basin, remain at very low abundance (approximately 100 spawners) 
in the McKenzie and Middle Fork (about 65 spawners) and remain stable at about 1000 spawners 
in the North Santiam sub-basin (Figs. 3-6).  Considering dam passage options that involve 
primarily structural modifications the long-term NOR adult abundance was predicted to on average 
approximately double on the Middle Fork, and increase several-fold in the South Santiam, North 
Santiam and McKenzie sub-basins (Figs. 3-6).  The widely differing trajectories and wide 95% 
bounds for the projected NOR abundance under the alternative dam passage option considered for 
each of the sub-basins indicated marked uncertainties in future projected NOR adult abundance. 
The uncertainties in evaluations of dam passage options are of course even greater given that there 
remain additional levels of uncertainty that remain to be accounted for, for example, in the DPE 
and DPS outputs from FBW.    
 
It may therefore be appropriate to consider also an adaptive management approach that treated the 
implementation of dam passage options and also hatchery migration measures within a deliberately 
experimental framework. This would require a formal evaluation of which experimental designs 
for dam passage implementation and hatchery mitigation options could be most effective for 
informing and achieving long-term conservation objectives. In the experimental options 
considered, close monitoring of reservoir survival rates, DPE and DPS, NOR return rates would 
need to take place, and contingency plans and decision rules would be to be specified so that dam 
passage and hatchery mitigation measures could be deliberately modified depending on the future 
conclusions drawn from the data that were gathered.   
 


 
 
Figure 1.  Schematic representation of a life cycle model for above dam populations of spring 
chinook salmon in the upper Willamette Basin. 







 
 
 
 
 
 
 
 
 
 
Figure 2.  Example of calibration of the Middle Fork Chinook salmon life cycle model where the 
model predictions of (a) natural origin adult abundance (black line) was fitted to the counts of 
natural origin (NOR) Chinook salmon at the Dexter tailrace (black dots) by inputting the counts 
of adults outplanted to spawning streams above the Lookout Point Dam and adjusted for PSM 
(red triangles) and (b) proportion at age spawning (red line) to observed age composition of 
spawners above the Lookout Point Dam. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3.  Projected natural origin abundance under a) recent conditions and b) a structural 
passage option on the Lookout Point and Hills Creek Dams on the Middle Fork River.  Black 
lines show the median, black dotted lines show 95% upper and lower bounds of the projections, 
and red dashed and solid lines show the 95% bounds and median from the historic counts of 
NOR. 
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Figure 4.  Projected natural origin abundance under a) recent conditions and b) a structural 
passage option above the Detroit Dam on the North Santiam River.  Black lines show the 
median, black dotted lines show 95% upper and lower bounds of the projections, and red dashed 
and solid lines show the 95% bounds and median from the historic counts of NOR. 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 5.  Projected natural origin abundance under a) recent conditions and b) passage structure 
measures taken on the Foster and Green Peter Dams on the South Santiam River.  Black lines 
show the median, black dotted lines show 95% upper and lower bounds of the projections, and 
red dashed and solid lines show the 95% bounds and median from the historic counts of NOR. 
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Figure 6.  Projected natural origin abundance under a) recent conditions and b) a structural 
passage option above the Cougar Dam on the McKenzie River.  Black lines show the median, 
black dotted lines show 95% upper and lower bounds of the projections, and red dashed and 
solid lines show the 95% bounds and median from the historic counts of NOR. 
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