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The U.S. Army Corps of Engineers (USACE) operates and maintains a system of 13 dams and 
reservoirs within the Willamette River Basin, Oregon.  This system operates for multiple 
authorized purposes including: Flood Damage Reduction, Hydropower, Navigation, Water 
Quality, Irrigation, M&I, Recreation, and Fish and Wildlife.  Water supply forecasts in March 
for Apr-Sep (Salem) were similar in 2021 and 2022.  After March, observed water supply at 
Salem was 2525 KAF in 2021 and 7241 KAF in 2022 (Apr-Sep).  This difference in water 
supply results in significant differences in habitat, water quality, and dam operations to support 
fish.  This presentation compares those changes using the 2021 and 2022 water years.      
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The U.S. Army Corps of Engineers (USACE) Portland District manages a complex operation of 
the Willamette Valley System (WVS) that includes storing and releasing water from the 13 
system reservoirs to balance various needs and demands throughout the year such as flood 
control, fish and wildlife, hydropower, recreation, irrigation, water supply, water quality, and 
navigation. USACE has prepared a draft Willamette Valley System Operations and Maintenance 
Programmatic Environmental Impact Statement (PEIS) and Biological Assessment (BA) in 
accordance with the National Environmental Policy Act (NEPA) and the Endangered Species 
Act (ESA). These documents outline a Proposed Action for continued operation and 
maintenance of the Willamette Valley System for specific, authorized purposes in compliance 
with the ESA and all other applicable treaties, laws, and regulations. The PEIS and BA describe 
and evaluate impacts related to a No Action Alternative and seven action alternatives, including 
a Preferred Alternative, that address the Proposed Action. The alternatives are suites of measures 
for Willamette Valley System management options that vary among the alternatives. Measures 
are characterized into general categories, including flow, water quality, downstream fish passage, 
and upstream fish passage. A series of models were used to simulate the water quantity and 
quality conditions in each alternative. In cooperation with U.S. Geological Survey Oregon Water 
Science Center, water temperature models previously developed for each major WVS reservoir 
and sub-basin were knitted together to form a network; simulating potential conditions under 
each alternative. Likewise, USACE developed and applied models of Total Dissolved Gas 
(TDG) for the major WVS tributaries to evaluate the impacts to aquatic life in each alternative. 
These water quality model results provide insights for many operations (e.g., drawdowns, 
delayed refill) and structures (e.g., selective withdrawal temperature towers) that have yet to be 
tested or implemented. The results were passed along to fish modeling teams for this project, 
summarized for the draft PEIS and BA, and presented here. 
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In February 2022, the US Geological Survey (USGS) announced that the Willamette River Basin 
was selected as the fourth USGS Integrated Water Science (IWS) program. As the fourth of 10 
planned intensively studied IWS watersheds across the nation, the Willamette River Basin will 
be the focus of major investments in water monitoring, research and predictive modeling to 
enhance the nation’s ability to observe, understand and predict water availability. USGS defines 
the phrase “water availability” as the spatial and temporal distribution of water quantity and 
quality in both surface and groundwater, as related to human and ecosystem needs and as 
affected by human and natural influences. Each IWS basin is representative of a broader 
geographic region and encompasses a variety of threats to water availability; hence, lessons 
learned in the Willamette River Basin will be used to help quantify and forecast water 
availability in other Pacific Northwest basins. Integrating advances in monitoring, research, and 
modeling across all IWS basins, (which presently include the Delaware, Illinois, Upper 
Colorado, and Trinity-San Jacinto River basins), will support modernization of water monitoring 
programs and improvements in understanding and predicting water availability nationwide. The 
selection of the Willamette River Basin in 2022 kicked off a large, multi-faceted science 
initiative encompassing several distinct, complementary programs that will each extend for a 
decade or longer assuming sufficient funding through congressional appropriations.  


Each IWS basin received complementary funding from two distinct programs. Those are the 
USGS Next Generation Observing System (NGWOS) program and the USGS Integrated Water 
Availability Assessments (IWAAs) program. The coupled NGWOS and IWAAs efforts will 
yield near-term data and information to support water management decisions regarding spring 
Chinook Salmon (Oncorhynchus tshawytscha), winter steelhead (O. mykiss), Pacific Lamprey 
(Entosphenus tridentatus) and Bull Trout (Salvelinus confluentus) in the Willamette River Basin. 
In the Willamette River Basin, NGWOS will initially focus modernizing and expanding the 
water monitoring network, including installing new streamflow and water temperature gages on 
unregulated spawning reaches in the Cascade Range and mouths of major salmon-bearing rivers. 
Additionally, new remote sensing data and surveys will be used to map bathymetry, substrates, 
thermal conditions and other attributes in the historical spawning reaches, including those 
upstream of US Army Corps of Engineer dams. The NGWOS program will also initiate a wide 
portfolio of other gaging and research and development activities (including “super gages”) that 
will help build the “water monitoring network of the future.” The Willamette IWAAs program 
will entail a phased effort to characterize patterns of water availability for humans and 
ecosystems.  From 2024-2026 (Phase 1), the Willamette IWAAs program will launch a major 
study to characterize patterns of hydrologic and thermal variability and implications for surface 
water withdrawals for municipal, industrial and irrigation uses and habitat for spring Chinook 
Salmon, winter steelhead, and Pacific Lamprey. This 2024-2026 effort will incorporate a blend 
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of trend analyses and modeling applied across a study area extending from small, unregulated 
streams high in the Cascades Range historically used for spawning and rearing to downstream 
reaches extending to the mouth of the Willamette River.  From 2027-2031 (Phase 2), the WRB 
IWAAs program will conduct a more comprehensive, basin-wide evaluation of water availability 
for a broader suite of human and ecosystem needs, utilizing coupled surface water, groundwater 
and water quality models.  


The planned scope and suite of activities for NGWOS monitoring and IWAAs studies are in 
development, and USGS hopes to partner with the Willamette River Basin science community 
and water managers to inform new data collection, analyses, and modeling over the funded life 
of the overarching WRB IWS program. Stakeholder input is integral to the Willamette River 
Basin IWS program in three distinct and important ways.  


1. Stakeholder input adds value to upcoming monitoring and research activities because it 
will enable USGS researchers to envision how new data and interpretive studies resulting 
from the Willamette River Basin IWS program will establish a foundation on which 
complementary data and studies can be initiated in the future.  


2. Secondly, stakeholders can help USGS researchers understand how and whether 
deliverables will provide valuable information to them in Phase 1 and Phase 2 of the 
IWAAs program.  


3. Third, stakeholders can identify how next generation monitoring methodologies paired 
with interpretive science tools applied in the IWAAs program will support stakeholders 
beyond the funding horizon of the overarching Willamette River Basin IWS program.  


To ensure that basin partners can be updated on progress and provide input to shape Willamette 
IWS activities, a comprehensive outreach plan is in development, including stakeholder 
meetings, surveys, and newsletters. 
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The Wild Fishes Surrogate Project is charged with the task of rearing juvenile Chinook salmon 


and steelhead trout for fish passage research in the Willamette River Basin. To date the Surrogate 


Project has provided roughly 400,000 juvenile Spring Chinook salmon and 13,000 juvenile 


steelhead trout used in various studies, including evaluations of passage, distribution, and 


survival at several hydropower dams, high head bypass, reservoir and dam passage fry survival, 


weir injury/survival, reservoir distribution and survival, and the effects of copepod infection on 


stress and survival in juvenile Chinook salmon. On occasion, when a study is canceled for 


unforeseen reasons, excess Surrogate fish have been used for other studies, such as screw trap 


efficiency tests throughout the basin. In addition to rearing fish for fish passage research, the 


Surrogate Project has been investigating the quality of fish produced using the Surrogate method. 


Recent projects of note recently include the gut microbiome investigations to aid in evaluating 


the similarities of Surrogate Chinook salmon juveniles to their wild counterparts. Studies on gut 


senescence have given meaningful insights into the pre-spawning mortality phenomenon 


observed in the Willamette River Basin returning migrants. We have been able to confirm that 


the presence of in-tank structure and lowered rearing density affects Chinook salmon and 


steelhead trout’s stress response. Steelhead dorsal fin damage initial onset and significance is 


currently being investigated. We are also investigating the effect intermittent fasting may have 


on the overall survival of released juvenile Chinook salmon. 
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Juvenile spring Chinook salmon (Oncorhynchus tshawytscha) and winter steelhead (O. mykiss) 
rear in streams below and above Upper Willamette River (UWR) reservoirs.  UWR populations 
of both species have been listed as threatened under the ESA, culminating in legal requirements 
to implement dam passage measures (DPMs) to improve juvenile survival rates during 
downstream migration of these two species.  It has been of interest to evaluate alternative suites 
of candidate measures for ten dams in the Upper Willamette River (see Table 1 for examples of 
these).  Research in the region has enabled the computation using Fish Benefits Workbook 
Software (FBW, Alden BioAnalysts Inc. 2014) of dam passage efficiency (DPE) and survival 
rates (DPS) for juveniles of both species at different life stages under different dam passage and 
operation measures for dams in the UWR.  However, evaluations of the effectiveness of dam 
passage measures have been required to consider also long-term expected population outcomes 
according to performance metrics (PMs) like quasi-extinction risk, population productivity and 
average abundance of natural origin spawners above the dams.  Life cycle models (LCMs) (e.g., 
McAllister et al. 2022a) have recently been developed to use outputs from FBW to compute 
these PMs for above dam populations of each of these two species under specific sets of passage 
measures (DPMs) (Tables 1 and 2, Figures 1 and 2).  While the PMs will be partly determined by 
the inputted DPE and DPS, life cycle modeling has shown that the calculated PMs from LCMs 
are not predictable a priori based on DPE and DPS outputs from FBW (McAllister et al. 2022a).  
While the determination of whether a DPM may be acceptable and how to rank alternative 
DPMs involves consideration of numerous variables, this talk focuses primarily on interpretation 
of fish population performance metrics when there are two or more species of interest.   


Although there are similarities in the population status and life histories of steelhead and 
Chinook salmon, there are also differences that make it unclear whether the their UWR 
populations will respond similarly to alternative DPMs.  For example, spring Chinook salmon 
die after spawning and have several different freshwater juvenile migrant types.  In contrast, 
winter steelhead can spawn more than once and have a single dominant freshwater juvenile 
migrant type in the UWR.  In this talk, we (1) demonstrate how fish population responses to 
alternative DPMs predicted by LCMs and the ranking of dam passage measures based on 
calculated PMs can differ between these two species in the UWR, (2) highlight potential trade-
offs in PMs between DPMs for these two species and (3) identify potential mitigative actions 
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that could be considered should LCMs predict that none of the alternative DPMs considered will 
perform satisfactorily for both species.   


We initially consider a common decision analysis criterion, i.e., ranking of actions according to 
their expected utility.  The utility function for each PM for each species could be made directly 
proportional to the PM for the species, where in terms of conservation gains, the highest value 
for long-term average spawners (LTS) and lowest probability of quasi extinction (PQE) have the 
highest utilities.  We will ignore for now other performance metrics as these tended to be 
strongly correlated with the two considered here.   


Results 


Generally, alternative DPMs that included either spring spill (SS), fall drawdown (FD), or spring 
drawdown (SD) performed more poorly than those that included either a floating screen structure 
(FSS) or floating surface collector (FSC) for both species (Tables 4 and 5). However, the ranking 
of alternatives based on LTS and PQE differed between the two species.  For example, DPM3 
included FSSs on the Detroit and Cougar Dams, an FSC on Lookout Point, a modified weir 
(MW) on Foster, and SS and FD on Green Peter Dam (Table 1).  For spring Chinook salmon, 
DPM3 performed consistently well and gave among the lowest PQE (though as high as 0.56 for 
the Middle Fork) and among the highest LTS (i.e., at 366 fish for the Middle Fork and as high as 
13,083 fish for the North Santiam) (Table 4).   


In contrast, DPM1 ranked highest of the alternatives evaluated for winter steelhead (Table 5).  
DPM1 included a MW on Foster, an FSS on Green Peter in the South Santiam, and an FSS on 
Detroit in the North Santiam (Table 1). Compared to other alternatives, the LTA of steelhead 
adults was the highest under DPM1 on the South Santiam (at 568) and at close to highest on the 
North Santiam (at 780) (Table 5).  PQE was among the lowest for DPM1 on the North Santiam 
(0.39) and the lowest on the South Santiam (though still relatively high at 0.65). In contrast, in 
the South Santiam under DPM3, LTA of steelhead spawners was much lower at 284 fish and 
PQE was much higher (0.83) than these were for DPM1 (Table 5).  For Chinook salmon, DPM1 
performed poorly in the both McKenzie—where no new passage measure is implemented—and 
in the Middle Fork following addition of an FSS. In these sub-basins under DPM1, the LCM 
predicted very high PQE for Chinook salmon (i.e., 1 and 0.98, respectively) (Table 4).   


Thus, the alternative that ranked highest for steelhead had very poor results for Chinook salmon 
in two of the four sub-basins and the alternative that ranked highest for spring Chinook salmon 
gave very poor results in one of the two sub-basins for steelhead.  Given that a single DPM 
which has a specific suite of measures for all 10 dams in the UWR needs to be chosen, this 
results in a direct trade-off between a DPM with much better results for steelhead and poor 
results for Chinook salmon versus a different DPM with much better results for Chinook salmon 
and poor results for steelhead.  In public decision-making situations, it is common for decisions 
to involve stark trade-offs and considerable attention has been given to how to address trade-offs 
(see Keeny and Raiffa 1976; Lane and Stephenson 1998; Edwards and Dankel 2016).  Initial 







questions about the trade-offs should include:  How certain is the difference in outcomes 
between alternatives?  If it appears to be certain, could additional policy measures be identified 
that would reduce the severity of the outcomes to make them acceptable?  If none can be 
formulated, and these are the only alternative actions available, then what approach could be 
taken to weigh the alternatives?  We first address this latter question.  


Decision analysis approaches that could be considered include a Maximin criterion, in which the 
decision maker chooses the action that has the least-worst consequence across the alternative 
scenarios posed.  In this case Maximin would select DPM3 since the highest PQE under DPM3 
is lower than that for the other DPMs, at 83% for steelhead (Table 5).  Under DPM1 the highest 
PQE is 100% for Chinook salmon in the McKenzie and 98% for Chinook salmon in the Middle 
Fork (Table 4) making the worst outcome from DPM1 much worse than that under DPM3.  An 
alternative decision criterion, the maximax approach, chooses the Alternative that gives the best 
of the best possible outcomes. The Maximax choice would be to choose DPM3 also, which had 
the best set of outcomes for Chinook salmon.  However, given the severe outcomes for steelhead 
under DPM3, the gravity of the expected outcomes may still be unacceptable, especially as 
steelhead is also an EIS-listed species.   


A yet third criterion, minimax regret, uses a rule that minimizes potential regret (where regret is 
experienced after the decision is made, measured as the degree to which you find you would 
have been better off with a different decision).  Regret here could be assessed for each alternative 
and species considering the four sub-basins.  For example, under DPM3 for spring Chinook 
salmon, how much better are the other alternatives?  As none of the five other alternatives gave 
consistently much better results, the regret under DPM3 is relatively low for Chinook salmon 
(Table 4).  But for winter steelhead under DPM3, where LTS was 284, we have a better result 
under DPM1 in the South Santiam with 568 spawners (Table 5).  In terms of LTS, the regret 
would thus be 568-284 spawners = 284 spawners, and this is the maximum regret associated 
with DPM3.  For DPM1 and Chinook salmon in the McKenzie, the LTS is 44 when it could have 
been 590 under DPM3 (Table 4).  The regret under DPM1 in the McKenzie sub-basin would 
thus be large at 590 – 44 spawners = 556 spawners (Table 4).  DPM1 would give on average 780 
steelhead LTS on the North Santiam; DPM3 would have given on average 873 steelhead LTS on 
the North Santiam (Table 5).  The regret for DPM1 and steelhead would be the average 
difference of 93 steelhead spawners (Table 5).  Thus, the maximum regret associated with DPM1 
is 556 Chinook salmon spawners which is greater than the maximum regret under DPM3.  In this 
case the minimax regret alternative would be DPM3.  Thus, the three alternative decision 
analysis criteria, Minimax, Maximax and Minimax regret, would rank DPM3 highest. 


It could be determined that selecting an alternative with an PQE as high as 83% for one of the 
two species is unacceptable, and some additional measures could be required to reduce PQE for 
steelhead in the South Santiam.  With the product of DPS and DPE at 0.505 for winter steelhead 
under DPM3 in the South Santiam (Table 5), there appears to be room for improvement in Dam 
Passage for winter steelhead on the South Santiam. For example, if it were possible to build an 







FSS at Green Peter (otherwise maintaining measures prescribed under DPM3), this could 
increase DPS and DPE, and reduce steelhead PQE to less than 83% (like that expected under 
DPM1, Table 5). However, the PQE, e.g., if it were e.g., 65% could still be unacceptably high.   


As natural origin (NOR) adult winter steelhead abundance returning to the Foster Dam tailrace in 
the South Santiam has been recently very low (i.e., on average <100 females per year 2017-
2021), translocation of NOR winter steelhead from river reaches below to above the Foster Dam 
could be an additional measure that could help to reduce the risk of extinction in the above dam 
population.  We conducted further analysis to support the Biological Assessment (BA) and 
considered an option to actively translocate winter steelhead to above Foster Dam.  This reduced 
the PQE to 55% under the so-called Preferred Alternative (McAllister et al. 2022b).   


There is currently no deliberate measure to improve downstream dam passage survival rates of 
kelts in the UWR.  However, sensitivity analyses showed that improved survival rates of 
steelhead following spawning could significantly improve performance metrics, for example, 
with PQE dropping to 0.51 under higher values for repeat spawner survival rates (McAllister et 
al. 2022a).  Measures to improve dam passage and downstream survival of kelts could 
potentially be instrumental in this (see Hatch et al. 2013). 


Sensitivity analyses conducted in the EIS suggested that with higher marine survival rates, the 
performance metrics for steelhead could improve considerably (McAllister, et al. 2022a) (Fig. 3).  
While it is not possible to directly alter average future marine survival rates for winter steelhead, 
increased control of predator populations that impact the smolt to adult return rates for winter 
steelhead and spring Chinook salmon could potentially make a difference.  For example, if 
measures recently approved to lethally remove sea lions in the lower Columbia River 
(https://www.nwp.usace.army.mil/environment/sea-lions/) were consistently applied in future 
years, this could help to increase smolt-adult return rates for both species in the UWR, further 
reduce PQE and make one or more of the Alternative DPMs considered more acceptable.     


 







Figure 1.  Representation of the spring run Chinook salmon life cycle model for above dam 
populations in the Upper Willamette River (McAllister et al. 2022a). 


 


 


Figure 2.  Representation of the winter steelhead life cycle model for above dam populations in 
the Upper Willamette River (McAllister et al. 2022a).  FBW = Fish Benefits Workbook. 


 


 







Figure 3.  Isopleth of Foster spawner abundance across a range of marine survival and dam 
passage rates. The horizontal lines show the mean DPE*DPS for the different EIS alternatives 
(taken from McAllister et al. 2022a).  Marine survival scaling was applied to the mean marine 
survival rate in projections of the steelhead LCM. 


 


 


 







 


Table 1. Summary of downstream passage measures by alternative dam passage measure and 
dam project. Blank cells indicate no change to current measures. NAA=no action alternative, 
DPM=alternative, FSS=Floating Screen Structure, FSC=Floating Surface Collector, 
MW=Modified Fish Weir, SS=Spring Spill, SD=Spring Drawdown, FD=Fall Drawdown. 
Drawdowns to regulating outlets (RO) unless diversion tunnel (DT) specified.  DET = Detroit, 
BCL = Big Cliff, FOS = Foster, GPR = Green Peter, CGR = Cougar, LOP = Lookout Point, 
DEX = Dexter, HCR = Hills Creek. 


 EIS alternative 
Sub-basin Dam NAA DPM 1 DPM 2 DPM 3 DPM 4 DPM 5 DPM 6 
North 
Santiam 


DET  FSS FSS FSS SD 
FD 


SS 
FD 


FSS 


 BCL  Collect 
at DET 


Collect 
at DET 


Collect 
at DET 


SS SS Collect 
at DET 


South 
Santiam 


FOS  MW MW MW   MW 


 GPR  FSS SS 
FD 


SS 
FD 


SS 
FD 


SD 
FD 


 


McKenzie CGR   FSS SD 
(DT) 
FD 


(DT) 


SD 
FD 


SD 
(DT) 
FD 


(DT) 


FSS 


Middle Fork LOP  FSS FSC FSC SD 
FD 


SS 
FD 


FSS 


 DEX     SS SS  
 HCR     SS 


FD 
SD 
FD 


FSC 


 


Table 2.  Definition of performance metrics (PM) computed from the Chinook salmon life cycle 
model given a 30-year management horizon. PMs were calculated from 10,000 simulation runs, 
following removal of a 5-year burn-in. R/S = Recruits-per-spawner; SAR = smolt-adult return 
rate, pHOS = proportion of hatchery-origin spawners; P(NOR) < QET = probability that NOR 
returns are less than the Quasi-Extinction Threshold (QET). Note that the median across 
simulations was used as a summary statistic for each PM apart from P(NOR) < QET, which used 
the mean across simulations. 


Performance Metric Description Statistic 


Abundance NOR spawners Geometric mean of year 16-30 


Productivity R/S 
SAR 
Fry-smolt survival 


Geometric mean of year 1-5 
Mean of year 1-5 
Mean of year 1-5 


Extinction risk P(NOR) < QET 4-yr mean, year 16-30 







Diversity pHOS 
% migrant type smolts 
% migrant type adult returns 
Migrant type SAR 


Mean of year 26-30 
Year 26-30 
Year 26-30 
Mean of year 26-30 


 


 


Table 3. Definition of performance metrics (PM) computed from the winter steelhead LCM 
given a 30-year management horizon. PMs were calculated from 10,000 simulation runs, 
following removal of a 2-year burn-in. R/S = Recruits-per-spawner; SAR = smolt-adult return 
rate; P(NOR) < QET = probability of NOR spawners below the Quasi-Extinction Threshold 
(QET). R/S start year is associated with age-4 recruits, SAR start year is associated with age-2 
smolts. The median across simulations was used as a summary statistic for the PM apart from 
P(NOR) < QET, which used the mean across simulations. 
 
Performance Metric Description Statistic 


Abundance NOR spawners Geometric mean of year 16-30 
Productivity R/S 


SAR 
Geometric mean of year 1-5 
Mean of year 1-5 


Extinction risk P(NOR) < QET 4-yr mean, year 16-30 
Diversity None evaluated  


 


 


Table 4.  Performance metrics for Spring Chinook Salmon in four UWR Sub-basins (McAllister 
et al. 2022a).  See Table 1 for a definition of the acronyms of the dam passage measures and dam 
projects.  See Table 2 for the definitions of the performance metrics.  Red shading indicates poor 
performance, yellow indicates intermediate and green indicates the best performance.   


McKenzie  DPM 1 DPM 2 DPM 3 DPM 4 DPM 5 DPM 6 NAA   
   FSS SS, FD SS,FD SS, FD SD, 


FD   


NOR spawners   44 590 291 108 220 582 56 
R/S   1.039 1.352 1.206 1.086 1.163 1.333 1.05 
SAR   0.026 0.03 0.029 0.025 0.027 0.03 0.028 
pHOS   0.905 0.193 0.475 0.771 0.577 0.197 0.879 
P<QET   1 0.005 0.376 0.999 0.739 0.004 1 
DPE 0.186 0.868 0.576 0.526 0.576 0.860 0.253 
DPS 0.375 0.941 0.847 0.385 0.691 0.941 0.437 
DPE*DPS 0.070 0.817 0.488 0.202 0.398 0.809 0.110 


 







 


Middle Fork  DPM 1 DPM 2 DPM 3 DPM 4 DPM 5 DPM 6 NAA 
  FSS FSC FSC SD, FD SS, FD FSS   
NOR LOP spawners 182 366 350 95 107 336 118 
NOR HC spawners 121 NA NA 63 72 224 NA 
R/S 1.149 1.237 1.247 1.076 1.108 1.245 1.09 
SAR 0.011 0.012 0.012 0.011 0.011 0.011 0.011 
pHOS LOP 0.848 0.742 0.746 0.911 0.903 0.754 0.889 
pHOS HC 0.864 NA NA 0.922 0.914 0.778 NA 
P<QET 0.98 0.56 0.56 0.99 0.99 0.65 1 
DPE (LOP) 0.824 0.824 0.824 0.555 0.668 0.962 0.617 
DPS (LOP) 0.962 0.936 0.933 0.643 0.696 0.964 0.568 
DPE*DPS (LOP) 0.793 0.771 0.769 0.357 0.465 0.927 0.350 


 


North Santiam DPM 1 DPM 2 DPM 3 DPM 4 DPM 5 DPM 6 NAA 


DET FSS FSS FSS SD, 
FD SS, FD FSS   


BCL       SS SS     
NOR spawners 12,530 13,083 13,016 7,710 5,923 12,720 963 
R/S 2.057 2.047 2.072 1.855 1.655 2.05 1.057 
SAR 0.072 0.07 0.072 0.078 0.078 0.071 0.068 
pHOS 0 0 0 0 0 0 1 
P<QET 0 0 0 0 0 0 0 
DPE 0.782 0.850 0.849 0.705 0.617 0.795 0.491 
DPS 0.954 0.959 0.960 0.725 0.704 0.960 0.617 
DPE*DPS 0.746 0.815 0.816 0.511 0.434 0.763 0.303 


 


South Santiam  DPM 1 DPM 2 DPM 3 DPM 4 DPM 5 DPM 6 NAA 
FOS MW MW MW     MW   


GPR FSS SS, FD SS, FD SS, FD SD, 
FD     


NOR spawners (FOS) 1046 772 590 433 313 57 25 
NOR spawners (GPR) 1295 963 728 535 386 NA NA 
R/S 1.564 1.5 1.411 1.32 1.243 0.755 0.643 
SAR 0.056 0.056 0.055 0.053 0.052 0.042 0.039 
pHOS (FOS) 0 0 0 0 0 0 0 
pHOS (GPR) 0.385 0.427 0.474 0.536 0.607 NA NA 
P<QET 0.004 0.028 0.101 0.322 0.609 0.956 0.993 
DPE (FOS) 0.761 0.810 0.761 0.761 0.761 0.761 0.761 
DPS (FOS) 0.870 0.980 0.873 0.783 0.784 0.881 0.785 
DPE*DPS (FOS) 0.662 0.794 0.665 0.596 0.597 0.671 0.597 







 


Table 5.  Performance metrics for Winter Steelhead in two UWR Sub-basins. See Table 1 for a 
definition of the acronyms of the dam passage measures and dam projects.  See Table 3 for the 
definitions of the performance metrics.  Red shading indicates poor performance, yellow 
indicates intermediate and green indicates the best performance.  DPE = dam passage efficiency 
and DPS = Dam passage survival rate for 2-year old smolts. 


North Santiam DPM 1 DPM 2 DPM 3 DPM 4 DPM 5 DPM 6 NAA 


Detroit FSS FSS FSS SD, 
FD SS, FD FSS   


Big Cliff       SS SS     
Recruits Per Spawner 
(R/S) 1.648 1.721 1.721 1.042 0.725 1.678 0.534 


NOR Spawners 780.1 872.6 872.6 208.9 96 817.7 21.7 
P<QET Threshold 0.385 0.352 0.352 0.744 0.88 0.371 0.981 
SAR 0.0422 0.0422 0.0422 0.0422 0.0422 0.0422 0.0422 
DPS 0.86 0.869 0.869 0.758 0.649 0.869 0.528 
DPE 0.824 0.846 0.846 0.647 0.627 0.828 0.587 
DPS*DPE 0.727 0.756 0.756 0.492 0.419 0.739 0.315 


 


South Santiam DPM 1 DPM 2 DPM 3 DPM 4 DPM 5 DPM 6 NAA 
Foster MW MW MW     MW   


Green Peter FSS SS, FD SS, FD SS, FD SD, 
FD     


Recruits Per Spawner 
(R/S) 1.496 1.11 1.108 0.667 0.523 1.144 0.506 


NOR Spawners 567.6 284.1 283 42.1 18.7 159.3 8.6 
P<QET Threshold 0.653 0.826 0.827 0.989 0.996 0.811 0.996 
SAR 0.0422 0.0422 0.0422 0.0422 0.0422 0.0422 0.0422 
DPS 0.864 0.775 0.773 0.677 0.761 0.777 0.682 
DPE 0.77 0.65 0.649 0.524 0.436 0.723 0.47 
DPS*DPE 0.679 0.505 0.503 0.354 0.321 0.567 0.319 
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Congress has authorized the US Army Corps of Engineers to mitigate for blocked habitat access 
caused by the construction and continued operation of dams in the Willamette River Basin—
historically, this mitigation has taken the form of hatchery production, release, and outplanting of 
hatchery salmonids. As EIS measures are implemented to improve dam passage of juvenile fish, 
it is expected that the need to mitigate for the loss of above-dam habitat will lessen. Current 
hatchery operations are guided by Hatchery and Genetic Management Plans (HGMPs) created by 
USACE in collaboration with ODFW for rainbow trout, summer steelhead, and spring Chinook. 
However, given expected improvements to downstream dam passage and survival of juvenile 
fish following implementation of EIS alternatives, practices defined in the 2019 HGMPs may be 
updated to reduce hatchery activity. For example, hatchery outplanting programs may be reduced 
in future years in response to signs of population recovery above dams. 


Measures to reduce outplanting are, in part, motivated by the risks associated with interactions 
and interbreeding between natural- and hatchery-origin (NO and HO) conspecifics. These 
include ecological interactions like competition and predation as well as genetic risks like the 
reduction of genetic diversity in the wild-spawning population and lower prevalence of adaptive 
traits as a result of domestication within hatcheries (Ryman and Laikre 1991; Naish et al. 2007; 
Hayes et al. 2013; HSRG 2014; Hagen et al. 2021). Even in first-generation hatchery fish (i.e., 
those from natural broodstock parents), relative reproductive success can be lower than that of 
natural conspecifics (Schroder et al. 2008; Chilcote et al. 2011; Christie et al. 2014). Importantly, 
hatchery practices like broodstock composition and outplanting rules can be designed to 
minimize these risks.  


Following improvements to juvenile downstream passage and survival, USACE is considering 
approaches to reduce the influence of HO fish on wild conspecifics. To help inform approaches 
to scaling-down hatchery activity in response to dam passage improvements, we built a life cycle 
model for spring run Chinook salmon (Oncorhynchus tshawytscha) able to project the 
consequences of alternative hatchery practices. Unlike the Chinook life cycle model in 
McAllister et al. (2022)—which describes only the progeny of above-dam naturally spawning 
populations comprised of NO and HO outplants—our hatchery mitigation model also projects 
the production and release of hatchery origin fish and separately tracks each of the NO and HO 
subpopulations as they emigrate to the ocean and return to freshwater at adults of multiple ages 
(Figure 1). The model allows for exploration of alternative hatchery mitigation measures and 
their potential effects on natural populations.  
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Despite the necessity of building a life cycle model (LCM) that can report these performance 
metrics, to date no LCM has been developed for the Upper Willamette basin that can assist in 
decision-making regarding these outplanting decisions. While the model is still a work in 
progress, it has been applied to assess these alternative decision rules that use signals of 
recovering NO populations to reduce hatchery activity. We show that explicit inclusion of 
plausible fitness consequences of hatchery origin adults in natural spawning grounds can have 
long-term consequences on Chinook salmon population recovery. The objectives of this talk are 
to explain (1) the current abilities of the hatchery mitigation model, including preliminary 
exploratory model projections, and (2) limits and planned expansion of the hatchery LCM. 


Objective 1:  Overview of the hatchery assessment model and preliminary results 


Expanding tools developed by the Hatchery Science Review Group’s All-H Analyzer (HSRG 
2009), we have built a hatchery assessment model which can assess plausible genetic 
consequences of hatchery supplementation on wild populations. Compared to the All-H 
Analyzer, we have built a more realistic and adaptable model by (1) allowing for complex life 
history strategies (e.g., including multiple juvenile migrant types and multiple ages of adult 
return), and (2) allowing for multiple genetically distinct sub-populations of spawners within a 
river basin, including multiple naturally spawning and hatchery spawning components (Figure 
1). The hatchery analysis model also allows for a suite of hatchery-related performance metrics 
useful for tracking long-term population outcomes, including cohort return rate, fitness, mean 
phenotype, and harvest of returning HO adults in mark-selective freshwater fisheries. 


Objective 2: Future development of the model 


The LCM is currently preliminary, and requires parameterization and validation (e.g., using 
pedigree and genetic analyses of adult populations and their fitness, c.f. Evans et al. 2019). We 
have not yet been able to estimate model parameters for hatchery components, instead using 
parameters from previous modelling efforts or from generalizable fitness and heritability 
parameters based on expert opinion (e.g. HSRG 2020). Given adequate time and data, it would 
be useful to calibrate HO components of the model to observed data to ensure that modelled 
processes can recreate observed patterns. This could include, for example, early marine survival 
of HO releases, proportions returning at age, and possibly fitness loss. In our talk, we will also 
briefly highlight avenues for future development of the LCM.  


 







 


Figure 1. Flow-chart diagram of the hatchery assessment life cycle model for spring Chinook salmon (O. 
tshawytscha) in the Willamette River. Model components highlighted in blue and yellow represent new 
sub-populations and processes, respectively, that are additions to a previous version of the LCM 
published in McAllister et al. (2022), in grey. These include fitness-adjusted Beverton-Holt (BH) 
production of smolts, tracking of the natural- and hatchery-origin components (NO and HO, respectively) 
of the population and their phenotypes separately, as well as in-hatchery practices. RRS: Relative 
reproductive success; NO: natural origin; HO: hatchery origin, FBW: Fish Benefits Workbook.  
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In species with multiple life history pathways (i.e., temporally and spatially distinct patterns of 
rearing, maturity, and reproduction), maintaining diversity in life history types has been 
hypothesized to be vital for the long-term stability and resilience of wild populations. Diversity 
in juvenile migratory types (JMTs) has been considered to be a vital component of population 
viability, with diversity in life history types included as a core component of the Viable 
Salmonid Population scoring system (McElhany et al. 2000). As such, it is appropriate to 
explicitly represent life history diversity of juvenile salmon in life cycle models (LCMs) seeking 
to predict how well the diversity of JMTs is maintained by different dam passage measures.  


Schroeder et al. (2016) identified six juvenile life histories for spring Chinook salmon 
(Oncorhynchus tshawytscha) below dams in the McKenzie sub-basin and hypothesized that 
maintaining this diversity would help to reduce inter-annual variability in the total abundance of 
juvenile outmigrants. In contrast to a previously constructed LCM which considered three 
juvenile life history types (e.g., Zabel et al. 2015), we developed a LCM for above-dam 
populations of Upper Willamette spring Chinook salmon which represents the six juvenile life 
histories defined by Schroeder et al. (2016). The reservoirs created by dams present a novel 
rearing habitat that may result in different life history types to those below dams. The influence 
of dams on life history diversity is unknown as it is difficult to determine volitional reservoir 
residence from impeded downstream movement. Therefore we define diversity in terms of JMTs, 
rather than juvenile life history types. The objectives of this talk are two-fold: (1) we seek to 
describe the JMT diversity observed in the Upper Willamette sub-basins; (2), we will show 
results that highlight the relative productivity of each JMT according to simulated outcomes 
from the UBC LCM for spring Chinook (from McAllister et al. 2022). 


Objective 1: Describing the diversity of life history types in the Upper Willamette sub-basins 


There are three groups of reservoir entrants (defined by timing of reservoir entry; Figure 1). 
First, individuals of the fry JMT enter the reservoir soon after emergence in early spring. Next, 
sub-yearling JMTs enter the reservoir during summer and autumn, and yearlings during the 
following spring. Fry and subyearlings can, depending on reservoir operations and/or the 
availability of dam passage structures, continue to rear in the reservoir to an older life stage 
before attempting to pass (Figure 1). For example, depending on dam passage opportunities, fry 
that enter a reservoir can pass the dam soon after entry as fry migrants, or they may rear in 
reservoir and attempt passage in the fall as sub-yearlings or in the following spring as yearlings.  
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While the precise causal determinants of juvenile JMT diversity in above-reservoir spring 
Chinook salmon populations remain poorly understood, the frequency distribution of life history 
types is quantifiable from a variety of data sources collected in the field, e.g., rotary screw trap 
data. We used hypothesized values for above dam survival rates of each juvenile JMT from the 
literature. The numbers of fish in each juvenile life history were computed in our LCM 
accounting for the effects of dam operations, reservoir survival, and the documented migration 
patterns of juvenile spring Chinook salmon.  


Objective 2: Life cycle model predictions of the relative performance of different JMTs 


Following LCM simulations, we found that predicted proportions of juvenile JMTs varies under 
the different dam operation alternatives proposed in the EIS. We found that in each of the four 
focal subbasins—North Santiam, South Santiam, McKenzie, and Middle Fork—deliberate 
modifications to dam passage structures and operations can potentially impact the relative 
frequencies of occurrence of juvenile migrant types. Subyearling in-reservoir migrants were 
consistently the most frequent life history type across all alternatives, with the exception of 
South Santiam (where the majority of fry entering Foster reservoir move directly to the forebay). 
Yearlings who entered as fry and reared in the reservoir over both spring and winter were the 
next most frequent across all of the alternatives. However, the relative frequency of yearlings 
who entered as subyearlings and reared over winter varied more substantially between the 
different Alternatives (Figure 2). These differences in relative frequency of JMTs between the 
Alternatives and NAA are largely due to differences in assumed values for in-reservoir 
movement and juvenile dam passage survival. Higher mortality rates may result from prolonged 
reservoir rearing or high dam passage mortality, depending on the availability and effectiveness 
of mechanisms for dam passage during preferred juvenile migration windows within the year. On 
the other hand, in-reservoir rearing results in larger-sized and older fish attempting to pass the 
dam, and size-related declines in dam passage survival (depending on the dam passage routes 
taken and available fish passage structures; Figure 2).  


  







 


Figure 1. Schematic representation of an example of how juvenile migratory types are distinguished for 
spring Chinook spawned above high-head dams. There are multiple stages at which juvenile fish are 
observed to enter reservoirs before attempting to pass a given dam. First, as fry soon after emergence (Fry 
in resv); second, as subyearlings (SubYr in resv) in the late spring and summer following emergence; or 
as yearlings (Yr in resv) in the spring after their first year of life. After entering the reservoir as a fry or 
subyearling, a juvenile fish may additionally rear in the reservoir before passing the dam before passing, 
leading to six life history types: fry, subyearlings who reared in the reservoir (SubYr-res), subyearlings 
who reared in the stream (SubYr-str), yearlings who entered as fry and reared in the reservoir over both 
spring and winter (Yr-resSW), yearlings who entered as subyearlings and reared over winter (Yr-resW), 
and yearlings who reared in stream (Yr-str).  


 


 


 


 


 







 
Figure 2. Life cycle model predictions of the relative proportions of different juvenile JMTJMTs—
counted as smolts passing Sullivan Juvenile Facility (SUJ)—after passing Cougar dam in the McKenzie 
subbasin. Results are shown after a burn-in period of 25 years, so these results should be considered long-
term expected outcomes of implementing dam passage alternatives. See caption of Figure 1 for 
abbreviation definitions.  
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Understanding how dam passage efficiency and dam passage survival interact with other sources 
of mortality at different life stages of anadromous Salmonids, particularly marine survival, is 
important. Dam passage mortality can be reduced by management choices like releasing water at 
certain times of year. However, since most density dependent mortality happens before fish 
smolt and migrate past dams there is little to no increase in marine survival when dam passage 
mortality is high. Studies show that marine survival rates in Columbia River steelhead 
(Oncorhynchus mykiss) populations have declinedby about an order of magnitude over the last 
few decades. Thus, a question is can reducing dam passage mortality facilitate conservation 
goals or is marine survival so low that dam passage mortality cannot be increased enough to 
matter? To evaluate if dam passage mortality can be reduced enough, we looked at spawner 
recruit data and marine survival data for winter Steelhead in the Willamette River and tributaries. 
Then we fitted population dynamics models to the observations and used the models to run 
simulations and calculate performance metrics to assist in decision making. As a bonus result of 
the model, we evaluated the contributions of repeat spawners (which can be seen as another type 
of marine survival).  


Methods 


The steelhead IPA LCM was formulated specifically for the population components that spawn 
above the dams in the Upper Willamette River to evaluate the response of above dam 
populations to alternative dam passage measures. For full details on model structure, inputs, and 
model fitting procedures, see McAllister et al. (2022). The LCM includes survival through life 
cycle stages for juveniles above and below the dams, juvenile and sub-adult stages at sea, and 
adults below and above the dams.  A key simplification is that we model only the female 
population, as data from the Willamette indicate that more females than males are present in the 
returning adults and >80% of repeat spawners are female (Clemens 2015; Jepson et al. 2015). 
The above dam survival of female juveniles is modelled using a single freshwater survival 
parameter, so spawning adults above dams result in Beverton-Holt density-dependent production 
of smolts that are available to pass the dam. These are assumed to all be age-2 steelhead, 
supported by data from tagging studies (Monzyk et al. 2017). Age-2 steelhead smolts above 
dams then attempt dam passage and, after successful passage, migrate downstream to Willamette 
Falls. 
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In the ocean, female steelhead smolts survive natural mortality (accounting for autocorrelation 
between years via a lag-1 autocorrelation function) before maturing into adults that return to 
freshwater at ages 4-6. The adults returning to dam tailraces are then outplanted above the dams 
as virgin spawners with fecundity equal to that observed for virgin spawners. A proportion of 
spawning adults survive a downstream migration as kelts and return as repeat spawners the next 
year, so the model also includes repeat spawners of age 5-7 with repeat spawners’ fecundity. 


Values for model parameters were obtained using studies conducted in the Upper Willamette that 
have been published in the literature, values from the expert workshops which were part of the 
2015 COP (Zabel et al. 2015), and our own analyses of the data available. For example, we used 
published data (Clemens 2015) on the age structure of returning adults and iteroparity rates to 
calculate kelt-repeat spawner survival rate and construct an age structure for virgin and repeat 
spawners. We also used data from geographically local steelhead populations in the Columbia 
River. For example, we derived a marine survival rate time series using data from the Snake 
River (McCann et al. 2022) and Wind River (Wilson et al. 2021). The IPA LCMs also used as 
inputs dam passage efficiencies (DPE) and dam passage survival rates (DPS) provided by 
USACE from the Fish Benefits Workbook software (FBW). Uncertainty in many of these 
parameters was accounted for using prior probability distributions. The LCM was fitted to 
available time series of adult counts at Foster. The estimated parameters were freshwater survival 
and annual deviates in marine survival. 


Summary Results 


The LCM was able to fit the adult counts at the Foster Dam fairly well with initial abundance 
and the freshwater survival rate parameter freed up and annual deviates from inputted assumed 
marine survival rates estimated from past to present (Figure 1).  A nonlinear relationship is 
observed between marine survival, dam passage survival and key performance metrics.  This 
highlights how important considering full life cycle dynamics is when investigating the impacts 
of reducing mortality at a particular life stage. If survival is high enough the river habitat gets full 
and the population approaches carrying capacity.  Marine survival impacts abundance in a subtle 
way since a single cohort spawn in multiple years. The fact that spawners can return in different 
years and can return, rarely, to spawn multiple times effectively averages marine survival over 
multiple years. Thus a few years of high marine survival followed by a few years of average 
marine survival can build up abundance, but an abnormally low marine survival year will have 
less impact. In looking at the isopleth diagrams (Figures 2-7) it should be noted that they show 
the average of 5000 trajectories of the simulated population dynamics.  All of the performance 
metrics showed considerable sensitivity to uncertainty in marine survival rates and to the product 
of DPE and DPS.  Sensitivity of outcomes to uncertainty in marine survival rates became 
dominant at intermediate and larger values for the product of DPE and DPS.   


 







 
 
Figure 1.  LCM fits to adult counts from the Foster Dam (left panel) and estimates of deviates from 
inputted marine survival rates of winter steelhead in the Upper Willamette River (right panel). 







 


Figure 2. Isopleth of Foster recruits per spawner (R/S) across a range of marine survival and dam 
passage rates. The horizontal lines show the mean DPE*DPS for the different EIS alternatives.  







 


Figure 3. Isopleth of Foster spawner abundance across a range of marine survival and dam passage 
rates. The horizontal lines show the mean DPE*DPS for the different EIS alternatives. 
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Figure 4. Isopleth of Green Peter recruits per spawner (R/S) across a range of marine survival and 
dam passage rates. The horizontal lines show the mean DPE*DPS for the different EIS alternatives.  


 







 


Figure 5. Isopleth of Green Peter spawner abundance across a range of marine survival and dam 
passage rates. The horizontal lines show the mean DPE*DPS for the different EIS alternatives.  
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Figure 6. Isopleth of Detroit recruits per spawner (R/S) across a range of marine survival and dam 
passage rates. The horizontal lines show the mean DPE*DPS for the different EIS alternatives.  


 







 


Figure 7. Isopleth of Detroit spawner abundance across a range of marine survival and dam passage 
rates. The horizontal lines show the mean DPE*DPS for the different EIS alternatives.  
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Life cycle models can be used to evaluate dam passage options on Upper Willamette River 
spring Chinook salmon (Oncorhynchus tshawytscha) by forecasting population trajectories into 
the future. An important factor in Chinook salmon population viability is pre-spawn mortality 
(PSM). PSM is comprised of two mortality sources 1) en route mortality, experienced after 
adults return to the river during the migration upstream to spawning grounds, 2) and onsite 
mortality, when adults die on the spawning grounds before reproduction. A life cycle model 
focused on the above dam population of Chinook salmon should include both sources, where en 
route mortality is considered ‘below dam’ PSM and onsite mortality is ‘above dam’ PSM. There 
are a number of factors that can influence PSM, so the challenge is to utilize previous studies 
conducted on PSM in the Willamette to appropriately model both below and above dam 
processes. 


Onsite PSM has been studied through carcass surveys by ODFW and Normandeau 
Associates/EAS in each of the four Upper Willamette sub-basins (North Santiam, South Santiam, 
McKenzie, Middle Fork). Statistical modelling of these data by Bowerman et al. (2018) 
determined significant effects of temperature and the percentage of hatchery-origin spawners 
(pHOS) on onsite mortality. Importantly, the Bowerman model was fitted only to below dam 
data. We applied the Bowerman model to predict PSM above dams in each future year as a 
function of temperature, by bootstrapping historical 7-day maximum of average daily 
temperatures (7dADM); and pHOS, using the ratio of hatchery- to natural-origin adults 
outplanted above each dam. Under this model, PSM increases where temperature and pHOS are 
high, but initial predictions were not consistent with the observed data from above dams (as all 
were above the upper ranges of PSM estimates from the ODFW and Normandeau 
Associates/EAS carcass surveys). Our examination of the above dam carcass survey data 
indicated a different relationship with pHOS, such that PSM was reduced where pHOS was high. 
Confounding these results, sub-basins where temperatures are warmer were also those with 
outplanting of only natural-origin adults, which prevented further modelling of these data. As a 
result, we instead reduced the size of the pHOS effect in the Bowerman model such that PSM 
was mainly driven by temperature effects. This modified model resulted in PSM predictions that 
were more consistent with the above dam data and so was built into the life cycle model. 


En route PSM in the mainstem Willamette has been studied through radio telemetry of adults 
tagged at Willamette Falls to the below dam spawning grounds in each sub-basin (Keefer et al. 
2017). This study found body condition and injuries sustained during upstream migration were 
better predictors of PSM than temperature. We incorporated this radio-telemetry estimate of en 
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route mortality into the life cycle model as a single component of below dam PSM and computed 
a set of performance metrics under each dam passage option from 10,000 simulations. These 
metrics included the numbers of natural-origin returns (NOR), recruits per spawner (R/S) and 
probability of quasi-extinction (P<QET). 


Under alternative dam passage options, the temperature regime downstream of each dam may 
vary considerably. As this may have variable effects on en route mortality, we further developed 
the life cycle model to account for an additional component of below dam PSM. Predictions of 
below dam temperatures under each alternative were made available to us for different flow year 
types. These indicated that options with spring drawdown resulted in the highest temperatures, as 
there would be limited availability of cooler reservoir water to release in the summer to lower 
river temperature. Use of these temperature data to predict PSM should consider the return 
timing of the adults to each sub-basin. For example, if most of the adults have returned to the 
dam tailrace by the end of July, they will have been outplanted above the dam before they 
experienced the highest temperatures after that date, so PSM based upon temperatures below 
dams through to September would be overpredicted and so should not be used. We thus used 
data on daily adult returns across sub-basins and flow year types to determine the maximum date 
to use in calculating 7dADM temperature. We accounted for this additional component of below 
dam PSM using the Bowerman model and built this into the life cycle model. We then computed 
a further set of performance metrics for a sensitivity analysis.  


Accounting for PSM between the mainstem and dam tailraces as a function of maximum 
predicted temperatures resulted in additional below dam mortality of >50% depending on the 
sub-basin and dam passage option. This obviously led to reduced numbers of predicted NORs 
and R/S relative to life cycle model predictions that did not explicitly include it. However, the 
effects on extinction risk varied by sub-basin; in some it increased but in others remained similar. 
The smolt-adult return rate estimated when the life cycle model was fitted to NOR count data 
was necessarily increased relative to the model without this additional below dam PSM 
component to compensate for the additional mortality of adults. While we recommend modelling 
this additional below dam PSM component to account for the effect of variable temperature, we 
note that the mortality predictions may be too large due to our use of an onsite PSM model to 
predict en route PSM. The above dam population is migrating through the below dam reaches, 
rather than remaining in them for a prolonged period to spawn, and thus may not be as 
susceptible to factors such as increased temperature as would be predicted by the onsite model 
coefficients that were conditioned on data from below the dam. Further field studies, e.g., using 
radio-telemetry to monitor returning adult Chinook salmon above dams until they reach 
spawning grounds, would be necessary to better inform a model of en route mortality. 
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It is intuitively to assume that spatially adjacent stocks or populations have similar productivity 
(e.g., Malick & Cox, 2016; Peterman et al., 2003) and that diversity of migratory groups are 
essential to maintaining a self-sustainable wild population (Schroeder et al., 2016). However, this 
is not always true (e.g., Korman and English 2013). Where it has been found that there exist 
marked differences in productivity and stock status between adjacent stocks, it is not always 
immediately obvious why these differences have arisen and attention can often be focused on 
stocks that are doing poorly (Korman et al. 2019). It is helpful to focus attention also on salmon 
stocks that are doing better than their neighbors to help to improve understanding about reasons 
for the differences and which measures, if any, could be taken to improve populations that are 
performing poorly. 


In the Willamette River System, for example, contrary to other spring-run Chinook salmon 
(Oncorhynchus tshawytscha) populations in the Willamette River, that in Fall Creek in the past 
decade appear to have become a self-sustaining population (Murphy et al., 2019).  A focused 
analysis of the Fall Creek spring Chinook salmon population might create new insights regarding 
dam operation effects in population declines/recovery on spring-run Chinook salmon. To address 
this, a life cycle model using the multistage Beverton-Holt model (msBHM) (Moussalli & 
Hilborn, 1986) was developed for Fall Creek to assess the present and future self-sustainability 
for spring Chinook:  


𝑁𝑁𝑠𝑠+1= 𝑁𝑁𝑠𝑠
1
𝑝𝑝+


1
𝑐𝑐𝑁𝑁𝑠𝑠


 


where Ns+1 are the individuals alive at the life stage s, p is the productivity or survival rate from s 
to s +1 and, c is the capacity for the life stage s. The msBHM predicts abundances from one life 
stage to another based on productivity (or survivorship) and stage capacity, and the number of 
stages usually is determined by available data.  


Uncertainty is typically propagated in msBHMs by using statistical distributions (e.g., uniform, 
lognormal) for the survival rates capacity and functional relationships (e.g., PSM=f(temperature), 
where f can take any form) parameters from which the model will draw random variates at each 
time step (Scheuerell et al., 2006). Contrary to this typical approach, we used a statistical 
framework to fit available time series of data to the msBHM. In addition, prior knowledge from 
other studies or analyzes were incorporated as a prior probability distribution to estimate key 
survival rates as part of the model estimation. Time series of the total adult returns (1965-2022), 
redd counts expanded to Fall Creek (2002-2017), juvenile stocking above the dam (1965-1968; 
1990-2005), and above-dam pre-spawn mortality estimates (2010-2018) were used. A Cormack-
Jolly-Seber (CJS; Cormack, 1964; Seber, 1965) model based on Fall Creek data was used to 
derive a prior distribution for smolt-to-adult survival (SAS). Other survival or productivity 
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capacity parameters (e.g., egg and spawner capacity, fry-smolt survival, smolt-reservoir-dam-
freshwater survival, etc.) were estimated (e.g., from CJSM) or derived from the literature.  


The model was fitted using penalized likelihood estimation (ML). Penalized ML estimation 
minimizes an objective function, i.e., a log-posterior function of the log-likelihood(s) and 
additional information given by the (log) prior(s) distribution. The model included process and 
observation errors. Different models were constructed to assess the fit. Overall, there is little 
information to estimate time-varying parameters to accommodate possible changes in 
productivity or capacity other than SAS.  


SAS shows significant interannual variability across many salmon stocks (e.g., Beamish, 1993; 
Mantua et al., 1997; Welch et al., 2021). To conform to this hypothesis, the msBHM estimated 
annual deviates for SAS to explain changes in adult returns. Other parameters, such as above-
dam PSM, were freed up when possible. We assumed that adult returns at Fall Creek dam and 
redd counts contained sufficient information to estimate above-dam PSM, and we developed 
priors for PSM from a short time series of PSM estimates (derived from a statistical model fit to 
data). The msBHM fitted the estimated annual deviates for SAS, SAS, and above-dam PSM (for 
most recent years). 


The msBHM fitted the total adult returns well but (as with any model) depended on the 
model/parameter assumptions (e.g., the log-likelihoods and model parameters included in the 
model estimation). The model predicted two periods of high adult returns. First, after the dam 
was built in 1965 and juvenile stocking was established, which produced returns of sometimes 
over 2,000 adults (with a maximum of 4696 adults in 1969). 


The second period of abundance occurred in 2002-2004 (with adult return abundance estimated 
over 1,300). In this case, the stocking program started in 1990, indicating that the stocking 
program/dam passage was initially ineffective. Interestingly, the two peaks were quite abrupt, 
like declines, with rapid increases from low adult returns in previous years. The first period of 
high abundance might be explicated by the stocking program and dam operations that effectively 
passed juveniles through the dam. For the second peak, however, it is possible that changes in 
dam operations improved adult returns from juveniles only stocked in 1999-2001 (assuming a 
mean return at age is 4 –years old). The stocking program was discontinued in 2005. 


This empirical information and model outputs show that the Fall Creek reservoir has a high 
juvenile survival/capacity (Homolka & Smith 1991). Thus, given optimistic dam passage 
conditions (e.g., during 1965-1968), the Fall Creek reservoir could produce significant adult 
returns. In the presence of only wild Chinooks (i.e., after 2009, where only wild fish are 
outplanted and no stocking), the population can produce, on average, 400 adult returns (range 
103-874; twice the number than during the stocking program 1990-1998).  


As is typically found in fish stock assessment (Schnute & Hilborn, 1993), the time series showed 
contradictory information (e.g., the model cannot simultaneously fit the time series of total adult 
and redd counts). This could indicate that important processes occur after adults are outplanted, 
and outplantings are not a good indicator of resulting redd counts (and vice versa); however, 
there are cases where outplants are a good indicator of redd counts; Gallagher & Gallagher, 
2005). Alternatively, the redd counts could have considerable bias and/or uncertainty; e.g., the 
time series of redd counts showed high interannual variability.  







Model projections used the mean SAS estimate and the most recent annual mean SAS deviations 
and PSM estimates. The results show that the adult returns by 2032 could reach an average of 
580 if the model weights adult returns more highly, or 760 if it weights redd count more highly. 
In both situations, the mean SAS prior was updated to 0.037. Recent estimates (e.g., SAS 
deviations) reflect present productivity conditions unless persistent autocorrelated deviations are 
observed in the time series, which was not detected. In addition, before 2009, juvenile stocking 
above Fall Creek might still be "influencing" SAS estimates, so those were not included in the 
projections. After 2009 only wild chinook are outplanted; thus, the projections reflect better the 
wild population dynamics. 


Most juvenile dam passage appears to occur during fall drawdown (Murphy et al., 2019), and 
tagging studies show high reservoir survival and dam passage at Fall Creek (Homoka & Smith, 
1990). It seems that a limited diversity of migratory groups (e.g., fry and subyearling) could 
maintain a wild self-sustainable population if dam passage is adequate. The SAS estimates for 
Fall Creek contrast with the adjacent DEX-LOP Chinook population, where SAS is very low 
(e.g., <<0.01). This indicates that substantial improvement in reservoir survival, dam passage, 
and/or SAS is needed at Dexter dam to match the adult returns from the Fall Creek population. 
Therefore, adjacent Chinook stocks or populations do not necessarily have similar productivity, 
especially as dam operations can significantly impact population recovery. 
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Pacific Northwest National Laboratory (PNNL) conducted a fish passage and survival radio 
telemetry (RT) study for the U.S. Army Corps of Engineers – Portland District (USACE) during 
2022. There were two efforts for this study, with results to help inform USACE biologists, 
engineers, resource managers, and regional decision makers. Both efforts are intended to help 
rebuild populations of Upper Willamette River Spring Chinook salmon (Oncorhynchus 
tshawytscha) and winter steelhead (O. mykiss) listed as threatened under the Endangered Species 
Act. 


The first effort occurred at Foster Dam (Foster) and evaluated fish passage and survival and the 
efficiency and effectiveness of the interim nighttime spillway operations during spring (February 
1–June 15) and fall (October 1–December 15) months as a benefit for passing juvenile Chinook 
salmon and winter steelhead.  Results will inform the timing of operational adjustments for 
improved downstream fish passage at Foster. 


The second effort occurred at Green Peter Dam (Green Peter) during spring only and provided a 
baseline evaluation of spring spillway operations for juvenile Chinook salmon passage.  Two 
spill treatments were evaluated:  nighttime only spill for two weeks (April 1–15) and continuous 
spill for 24 hours a day, 7 days a week (24/7 spill) for two weeks (April 16–30).  Results will 
inform operations of the spillway for fish passage in 2023. 


This presentation will focus on the spring 2022 study results at Foster and Green Peter, as the 
Foster fall 2022 study results are currently being analyzed.  Although the primary effort was to 
evaluate the interim nighttime spillway operations at Foster, geographically Green Peter is 
located upstream of Foster on the Santiam River and will be presented first throughout the 
presentation. 


The 2022 Green Peter effort was a baseline study to inform spillway operations and prepare for a 
larger-scale study in 2023.  The objectives for the Green Peter effort were to release fish during 
nighttime only spill (no turbines) and 24/7 spill (no turbines) to assess the following metrics: 


I. Diel distribution, behavior, and movements of juvenile Chinook salmon into and within 
the forebay of the dam. 


II. Diel downstream passage, including reservoir survival, forebay residency time, dam 
passage efficiency, and reach survival. 


i. Reach survival will be measured to the confluence of the Santiam River with 
the mainstem Willamette River. 
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The objectives of the Foster effort were to determine if the nighttime spillway operations were a 
safer and more efficient passage route compared to the turbines for sub-yearling and yearling 
Chinook salmon and age-2 winter steelhead using the following metrics: 


I. Seasonal and diel distribution, behavior, and movements of juvenile fish into and 
within the forebay of the dam.  


II. Seasonal and diel downstream passage, including reservoir survival, forebay residency 
time, route distribution, dam passage efficiency, route specific survival, and reach 
survival. 


i. Reach survival will be measured to the confluence of the Santiam River with 
the mainstem Willamette River. 


III. Efficiency and effectiveness of the nighttime spillway operation compared to the 
turbines. 


Chinook salmon and winter steelhead surrogates (for wild fish in the South Santiam River) were 
provided by the Oregon State University Wild Fish Surrogate Program.  Fish were double tagged 
with an RT tag and a Passive Integrated Transponder (PIT) tag (Tables 1 and 2). 


Table 1. Spring 2022 sample sizes at Green Peter Dam by release dates, species, treatment, and release 
location in the reservoir.  CH1 = yearling Chinook salmon. 


Pool Elevation Release Dates Species Treatment 
Head-of-


Reservoir (n) 
Mid-of-


Reservoir (n) 
Green Peter Dam 


(dead fish) (n) Total 


974 ft 
Apr 2 & 4 CH1 Nighttime spill 105 107 35 247 
Apr 16 & 17 CH1 24/7 spill 103 105 38 246 


Total    208 212 73 493 


Table 2. Spring 2022 sample sizes at Foster Dam by pool elevation, release dates, species, and release 
location in the reservoir.  CH1 = yearling Chinook salmon and STH2 = age-2 winter steelhead. 


Pool Elevation Release Dates Species Head-of-
Reservoir (n) 


Mid-of-
Reservoir (n) 


Foster Dam 
(dead fish) (n) 


Total 


613 ft 
(Low Pool) 


Mar 2–5 
CH1 79 79 25 183 


STH2 160 160 25 345 


Mar 29–Apr 1 
CH1 79 81 25 185 


STH2 163 164 24 351 
Total 481 484 99 1,064 


635 ft 
(High Pool) 


May 27–31 
CH1 147 149 25 321 


STH2 211 210 25 446 


Jun 6–10 
CH1 126 125 25 276 


STH2 235 238 26 499 
Total 719 722 101 1,542 


Total    1,200 1,206 200 2,606 


 


Reach survival was estimated through Green Peter and Foster dams to the confluence of the 
Santiam and Willamette rivers (88.5 river kilometers [rkm] downstream of Green Peter and 77 
rkm downstream of Foster) using the Cormack-Jolly-Seber model adjusted for tag life within the 







program ATLAS (Acoustic Tag Life-Adjusted Survival; Columbia Basin Research).  Dam 
passage survival was estimated using the Virtual Release with Dead Fish Correction (ViRDCt) 
model to isolate dam and route-specific survival to a shorter river reach, because the reach 
survival estimates include mortality that occurs well downstream of the dams.  ViRDCt 
estimated survival from passage through Green Peter Dam to an RT detection array located 
~6.0 rkm downstream of the dam.  At Foster, ViRDCt estimated survival from passage through 
Foster Dam to an RT detection array located ~2.5 rkm downstream of the dam.  Preliminary 
survival results for both models are being analyzed and will be presented during the Willamette 
Fisheries Science Review. 


Distribution and behavior results are presented by movement summaries and passage 
proportions.  Movement summaries describe fish that were released but never detected on an RT 
array; fish detected at the dam but never passed; and fish that successfully passed the dam.  
Passage proportions describe the route of dam passage.  Movement summaries and passage 
proportions of Green Peter-released fish are described at both Green Peter and Foster dams 
because Foster is downstream of Green Peter and juveniles are required to pass both dams during 
their migrations (Table 3).  Passage proportions only describe movement through Green Peter 
(Table 4).  For Foster-released fish, movement summaries and passage proportions only describe 
movement through Foster Dam (Tables 5 and 6, respectively).







Table 3. General statistics (sample sizes [n], lengths, weights) and movement summaries (proportions and n) of Chinook salmon released alive at the 
Green Peter head-of-reservoir or mid-of-reservoir.  Lengths and weights depict the means with the ranges in parentheses.  Movement 
summaries are described for Green Peter Dam (GPR) and Foster Dam (FOS). 


       
Never 


Detected 
at GPR1 


Detected at 
GPR Dam 


Never Passed 


GPR Downstream 
Passage 


Detected at FOS 
Dam 


Detected at FOS 
Dam 


Never Passed 


FOS Downstream 
Passage 


Operational 
Treatment 


Released 
Alive (n) 


Fork 
Length 
(mm) 


Weight (g) 
Head-of-
Reservoir 


(n) 


Mid-of-
Reservoir 


(n) 
n Proportion n Proportion n Proportion n Proportion n Proportion n 


Nighttime spill 212 163 
(113–229) 


45.1 
(13.6–109.9) 105 107 56 0.19 30 0.81 126 0.48 61 0.11 7 0.89 54 


24/7 spill 208 164 
(102–219) 


46.3 
(13.5–109.2) 103 105 84 0.21 26 0.79 982 0.46 44 0.11 5 0.89 39 


1These fish were removed from the analyses because their final disposition was unknown. 
2Two fish were caught in the screw trap in the GPR tailwaters and were removed from analysis after GPR downstream passage. 


Table 4. Passage proportions of Chinook salmon that passed Green Peter Dam (GPR) during each operational treatment and by route.  Two fish were 
caught in the screw trap in the GPR tailwaters and were included in the GPR passage proportions as the capture occurred after dam passage. 


  GPR 
Downstream 
Passage (n) 


Spill Passed Turbine Passed Total 


Operational Treatment Proportion n Proportion n Proportion n 


April 1-16 at 0659 
(Nighttime Spill) 


126 0.992 117 0.008 1 0.527 118 


April 16 at 0700-May 1 at 0659 
(24/7 Spill) 


98 1.000 1061 0.000 0 0.473 1061 
1Fish released during the Nighttime Spill operation could pass during the 24/7 Spill operation, resulting in a greater number of fish that 
passed during the 24/7 Spill operation than the number of fish released. 







Table 5. General statistics (sample size [n], lengths, weights) and movement summaries (proportions and n) of Chinook salmon (CH1) and winter 
steelhead (STH2) released alive at the Foster head-of-reservoir or mid-of-reservoir.  Lengths and weights depict the means with the ranges in 
parentheses.  Movement summaries of CH1 and STH2 are described for Foster Dam (FOS). 


       
Never 


Detected 
at FOS1 


Detected at FOS 
Forebay 


Never Passed 


FOS 
Downstream 


Passage 
Pool 
Elevation Species Released 


Alive (n) 
Fork Length 


(mm) Weight (g) Head-of-
Reservoir (n) 


Mid-of-
Reservoir (n) n Proportion n Proportion n 


Low Pool 
CH1 318 158 (114–215) 38.7 (12.9–98.9) 158 160 39 0.38 106 0.62 173 
STH2 647 168 (114–221) 44.2 (13.8–109.7) 323 324 119 0.81 426 0.19 102 


High Pool 
CH1 547 182 (123–244) 59.0 (16.2–138.7) 273 274 75 0.26 121 0.74 351 
STH2 894 186 (115–239) 60.6 (14.1–124.6) 446 448 231 0.73 483 0.27 180 


1These fish were removed from the analyses because their final disposition was unknown. 


Table 6. Passage proportions of Chinook salmon (CH1) and winter steelhead (STH2) that passed Foster Dam (FOS) during the spring season. 
SP1–3 = Spill Bays 1, 2, and 3; SP4 = Spill Bay 4 (weir); PS1–2 = Penstock Units 1 and 2.  The spill and turbine general indicate a specific 
route of passage (SP1–4 or PS1–2) was unable to be determined.  No route identified indicates the fish passed the dam, but the route of passage 
was unable to be determined.  Note: the weir was not in operation during the spring study. 


    Spill Passed Turbine Passed Dam Passed 


 FOS 
Downstream 
Passage (n) 


SP1 SP2 SP3 SP4 PS1 PS2 Spill – general Turbine –
general 


No route 
identified 


Species Proportion n Proportion n Proportion n Proportion n Proportion n Proportion n Proportion n Proportion n Proportion n 


CH1 524 0.05 27 0.27 139 0.35 183 0.32 166 0.01 4 0.00 0 0.004 2 0.00 0 0.01 3 


STH2 282 0.08 23 0.21 60 0.19 53 0.46 130 0.02 6 0.02 5 0.004 1 0.00 1 0.01 3 
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Total dissolved gas (TDG) regularly exceeds regulatory standards in the tailwaters of Upper 
Willamette Dams (UWD) and when it does can cause mortality in salmonids. The process of 
TDG generation has been quantified and large differences in intensity and duration are expected 
among the recently formulated Environmental Impact Study Alternatives.  In a quantitative 
decision analysis, TDG exceedances should be converted into mortality rates for each salmonid 
life history stage and then integrated into a population model to quantify the demographic 
consequences of TDG and other mortality stresses.   Gas bubble trauma and mortality have been 
observed in trapped fish below UWDs during high TDG events but the mortality rate 
experienced by tailwater fish populations is difficult to quantify because of several mitigating 
factors. 


TDG mortality is a time-duration process that has been systematically quantified in lab studies 
(reviewed by Pleizier et al. 2020 DOI: 10.1111/faf.12496 ).  Field studies suggest that lab-
derived estimates of TDG mortality need to consider additional factors such as depth refugia and 
downstream dissipation as processes that affect mortality of fish in their native environment. 
(e.g. Kovac et al. 2022 dx.doi.org/10.1139/cjfas-2020-0448 )  The purpose of this talk is to: 


- For TDG Dissipation: Illustrate the effect of bubble-mediated versus diffusive gas 
transfer using a diffusive transfer model from the literature and then comparing this to 
TDG data from the North and South Santiam rivers. 


- For Depth Refugia: Illustrate the effects of alternative behavioural models (depth choice, 
response to sharp increases in discharge) on mortality of spring run Chinook salmon 
juveniles during two high TDG events in the Detroit Dam tailwater. 
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Numerous studies in the Upper Willamette River have implanted juvenile salmonids with 
Passive Integrated Transponder (PIT) tags with aims to estimate dam passage survival or 
understand migration timing. These data can also be analysed to result in estimates of freshwater 
and marine survival rates that can be incorporated into life cycle models of ESA-listed spring 
Chinook salmon (Oncorhynchus tshawytscha) and winter steelhead (Oncorhynchus mykiss). One 
modelling approach is to use the Cormack-Jolly-Seber (CJS) model, which estimates the survival 
rate between release and detection locations by adjusting the numbers of PIT tag detections at 
each location for the probability of detection at each location. Estimates of river-smolt survival 
rate (φRSS) and smolt-adult survival rate (φSAS) can be obtained using releases of PIT-tagged 
juvenile fish into dam tailraces in each Willamette sub-basin and detection arrays at Sullivan 
Dam juvenile bypass facility (SUJ) and at the Willamette Falls adult ladder (WFF). Data from 
PIT tag studies can be sparse, and when few fish are detected at some locations, it can be 
challenging to understand whether low numbers of detections are due to low survival or low 
detection probability. This can result in high levels of uncertainty in CJS model parameter 
estimates, limiting their value.  


Within a Bayesian modelling framework, uncertainty can be reduced by incorporating prior 
knowledge via prior probability distributions. Priors represent the degree of belief about values 
that model parameters can take and informative priors may be derived from expert knowledge, 
published data, or other analytical methods. Alternatively, where there is little or no information 
available, vague (uninformative) priors can still be used. To reduce uncertainty in CJS model 
parameter estimates, we used several data sources to develop informative priors specific to the 
Willamette for φRSS, φSAS, detection probability at SUJ (pSUJ), and detection probability at 
WFF (pWFF). 


One concern with the use of informative priors is when they are more informative than the data. 
In these situations, the priors may overwhelm the data such that the posterior estimates reflect the 
prior and not the data, which may thus mask the true parameter values for the study population. 
This could lead to incorrect survival rate estimates being applied in life cycle models, affecting 
the ability to make predictions about their population dynamics. However, the problem of over-
informative priors is difficult to diagnose as the conditions that lead to data being less 
informative than priors are usually unknown. We used simulation-estimation analysis to 
understand how the posterior estimates of φRSS and φSAS can be sensitive to the use of 
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informative priors versus vague priors and determine under which settings could the use of 
informative priors be important when analysing PIT tag data. 


We simulated release-detection data and used a Bayesian CJS model with either vague (e.g., 
beta(1,1)) or informative priors to investigate the effects of both sample size of released fish and 
underlying true values of each model parameter. We applied two sample sizes (1,000 and 10,000 
fish) based upon studies that either used beach seines to capture natural-origin juveniles, where 
<1,000 tagged fish were typical, or studies that released large numbers of hatchery-origin 
juveniles, where >10,000 tagged fish were typical. We determined a base case set of true 
parameter values (φRSS=0.4, φSAS=0.01, pSUJ=0.15, pWFF=0.98) and varied one parameter at 
a time to generate a set of 1,000 simulated datasets for each sample size and true value, across a 
potential range of values for each parameter. 


When release size was only 1,000 fish, the model with vague priors resulted in biased estimates 
of all parameters (Figure 1). The model with informative priors performed better where 
estimated posterior mean values were close to the true value, except where the true values of the 
estimated parameters were in the upper tails of the prior distributions, e.g., for true φSAS values 
≥ 0.05. The variation among posterior mean estimates was also reduced compared to that with 
vague priors. The informative prior on φSAS resulted in considerably less biased estimates for 
true values within the range of recent Chinook salmon φSAS estimates from both the Willamette 
(maximum since 2011 = 0.012, Welch et al. (2021)) and Snake River (maximum since 2011 = 
0.029, McCann et al. (2022)). The informative prior on φRSS resulted in less bias for all true 
values except 0.2, although similar to the vague prior model, estimates for values >0.7 were 
poorly estimated. The informative prior on pSUJ resulted in estimates that were close to the true 
values across the range examined. The larger release size of 10,000 fish resulted in reduced bias 
in estimates from both vague and informative prior models (Figure 2). These findings have 
implications for researchers looking to use PIT tag data for estimation of survival rates where 
release sizes are relatively low, which is perhaps typical for those of natural-origin fish. In these 
situations, use of informative priors can help considerably to improve the reliability of survival 
rate estimates. 


 







 


Figure 1 (overleaf). Estimated posterior mean values from 1,000 simulations plotted against a range of 
‘true’ values used to generate each PIT tag dataset given a release size of 1,000 fish. Black circles show 
the mean values across simulations. Dashed grey lines show 1:1. Left panels show results from a model 
where vague priors, i.e., Beta(1,1), were used for all parameters. Right panels show results from a model 
where informative priors (see Appendix H of report) were used for all parameters. Top row shows results 
where the true smolt-adult survival (SAS) values were varied while other parameters remained at base 
case values, middle row shows results where true release-smolt survival (RSS) values were varied, bottom 
row shows results where true detection probability at SUJ under mid-flow (20-35 kcfs at Willamette 
Falls) conditions (pSUJ[mid]) was varied. Maximum observed values for SAS are shown for smolt years 
since 2011 from Willamette River (green dashed line, estimated from coded-wire tags by Welch et al. 
(2021)) and Snake River (orange dashed line, estimated by PIT tags by McCann et al. (2022)). 







 


 


 


Figure 2 (overleaf). Estimated posterior mean values from 1,000 simulations plotted against a range of 
‘true’ values used to generate each PIT tag dataset given a release size of 10,000 fish. Black circles show 
the mean values across simulations. Dashed grey lines show 1:1. Left panels show results from a model 
where vague priors, i.e., Beta(1,1), were used for all parameters. Right panels show results from a model 
where informative priors (see Appendix H of report) were used for all parameters. Top row shows results 
where the true smolt-adult survival (SAS) values were varied while other parameters remained at base 
case values, middle row shows results where true release-smolt survival (RSS) values were varied, bottom 
row shows results where true detection probability at SUJ under mid-flow (20-35 kcfs at Willamette 
Falls) conditions (pSUJ[mid]) was varied. Maximum observed values for SAS are shown for smolt years 
since 2011 from Willamette River (green dashed line, estimated from coded-wire tag data by Welch et al. 
(2021)) and Snake River (orange dashed line, estimated from PIT tag data by McCann et al. (2022)). 
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Environmental Assessment Services (EAS) has conducted fish passage monitoring, utilizing 
rotary screw traps (RSTs), for the U.S. Army Corps of Engineers – Portland District (USACE) 
starting in October 2021 and which is ongoing with data presented herein through 31 December 
2022.  The purpose of this study is to evaluate the biological effects of certain measures being 
implemented to improve fish passage and water quality at several WVP dam sites to benefit 
UWR spring Chinook salmon and winter steelhead as required under the Interim Injunction 
Order issued by the U.S. District Court for the District of Oregon. RST sampling, as part of this 
project, has occurred at Big Cliff Dam tailrace, Green Peter Dam tailrace, Foster Dam Head of 
Reservoir- South Santiam River, Cougar Dam tailrace, Cougar Dam Head of Reservoir, Fall 
Creek Dam RO tailrace, Fall Creek Dam Head of Reservoir, Dexter Dam tailrace, Lookout Dam 
tailrace, Lookout Point Head of Reservoir, and Hills Creek Dam tailrace.  
The goals of this study are to provide juvenile salmonid data (e.g. passage, injuries, and survival) 
in relation to dam passage and Army Corps operations including passage by route (e.g. 
powerhouse vs spillway, where feasible), and characterize injuries including mortality after 24 
hour holds following capture in RSTs. Target species include wild Chinook salmon 
(Oncorhynchus tshawytscha) at all sites, and steelhead (Oncorhynchus mykiss) on the Santiam 
River (Big Cliff Dam, Green Peter Dam, and Foster Dam Head of Reservoir). Additionally, trap 
efficiency (TE) trials were conducted with hatchery Chinook, and natural origin run of river 
(RoR) Chinook and Steelhead where possible.  
During the monitoring period from October 2021 to December 31, 2022, the primary objectives 
were to operate RSTs to determine species composition and collect biological information 
including injuries of fish passing the respective sample sites.  RSTs were checked once per day 
unless conditions necessitated additional checks for fish and/or trap safety. Upon arrival at a trap 
site, crews collected data on cone rotation speed, cone rotation count from last check to current 
check, water temperature at trap, and time of fish collection. Additional environmental data was 
collected from U.S. Geological Survey gauges and USACE dam operations data and included 
inflow, outflow by route, water temperature, and dissolved oxygen concentration where available. 
Biological data was collected for each target fish we captured. Data collected included species, 
fork length (FL), weight, fish condition, injuries, and assessment of presence of tags or other 
marks. Scales were collected from fish >50 mm FL, and fin clips for future DNA analysis were 
collected from fish >45 mm FL. All fish with a FL 65 mm or larger, not being placed into a 24-
hour hold to investigate delayed mortality from passage and capture, were PIT tagged and released. 
At the Cougar Dam Head of Reservoir, Fall Creek Head of Reservoir, and Lookout Point Head of 
Reservoir sites, fish smaller than 65 mm and larger than 35 mm were marked with visible implant 
elastomer (VIE). A summary of data in the 2021 and 2022 sampling period collected by site is 
provided in Table 1.  
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Table 1. Summary of data collected at each RST site in 2021 and 2022. 


Rotary Screw 
Trap Sampling 


Site 


Trap 
Efficiency 


Trials 


Target 
Species 


Biological 
and Injury 


Data 


Scale and 
DNA Samples 


24-hr Holds 
(Post 


Collection) 


PIT 
Tagging 


(>65 mm) 


Elastomer 
Tagging 


(<65 mm) 


Big Cliff Dam 
Yes- 
Hatchery 
Fish 


Spring 
Chinook and 
O. mykiss 


Yes- weight 
(nearest 0.1 
g), FL (mm), 
Injuries 


Yes Yes 


Yes- on fish 
not included 
in 24-hr 
holds. 


No 


Green Peter Dam 
Tailrace- Middle 
Santiam 


Yes- 
Hatchery 
Fish 


Spring 
Chinook and 
O. mykiss 


Yes- weight 
(nearest 0.1 
g), FL (mm), 
Injuries 


Yes Yes 


Yes- on fish 
not included 
in 24-hr 
holds. 


No 


Foster Dam 
Head of 
Reservoir- South 
Santiam 


Yes- Run of 
River Fish, 
Hatchery 
Fish in Fall 


Spring 
Chinook and 
O. mykiss 


Yes- weight 
(nearest 0.1 
g), FL (mm), 
Injuries 


Yes No Yes No 


Cougar Dam 
Tailrace 


Yes- 
Hatchery 
Fish 


Spring 
Chinook 


Yes- weight 
(nearest 0.1 
g), FL (mm), 
Injuries 


Yes Yes 


Yes- on fish 
not included 
in 24-hr 
holds. 


No 


Cougar Dam 
Head of 
Reservoir 


Yes- 
Hatchery 
Fish 


Spring 
Chinook 


Yes- weight 
(nearest 0.1 
g), FL (mm), 
Injuries 


Yes No Yes Yes 


Fall Creek Dam 
Yes- 
Hatchery 
Fish 


Spring 
Chinook 


Yes- weight 
(nearest 0.1 
g), FL (mm), 
Injuries 


Yes Yes 


Yes- on fish 
not included 
in 24-hr 
holds. 


No 


Fall Creek Head 
of Reservoir 


Yes- Run of 
River 


Spring 
Chinook 


Yes- weight 
(nearest 0.1 
g), FL (mm), 
Injuries 


Yes No Yes No 


Dexter Dam 
Tailrace 


Yes- 
Hatchery 
Fish 


Spring 
Chinook 


Yes- weight 
(nearest 0.1 
g), FL (mm), 
Injuries 


Yes Yes 


Yes- on fish 
not included 
in 24-hr 
holds. 


No 


Lookout Dam 
Tailrace 


Yes- 
Hatchery 
Fish 


Spring 
Chinook 


Yes- weight 
(nearest 0.1 
g), FL (mm), 
Injuries 


Yes Yes 


Yes- on fish 
not included 
in 24-hr 
holds. 


Yes- Started 
9/30/2022 


Lookout Point 
Head of 
Reservoir 


Yes- 
Hatchery 
Fish 


Spring 
Chinook 


Yes- weight 
(nearest 0.1 
g), FL (mm), 
Injuries 


Yes No Yes Yes 


Hills Creek Dam  
Yes- 
Hatchery 
Fish 


Spring 
Chinook 


Yes- weight 
(nearest 0.1 
g), FL (mm), 
Injuries 


Yes Yes 


Yes- on fish 
not included 
in 24-hr 
holds. 


Yes- Started 
9/30/2022 


 
Target catch and passage. Total target raw catch consisted of 5522 juvenile Chinook and 337 
O. mykiss captured at all sites during sampling in 2021 and 2022.  Where dam operations 
allowed daily catch rates were standardized and weekly catch was calculated from the 
standardized daily catch rates. Building on the work of previous studies in the area we calculated 
weekly passage estimates based on trap efficiency (TE) trials (see below) and additionally 
attempted to account for flow rates, which are known to be a major factor in trap efficiency. 
Response to flow rates appear to be on a site-by-site basis, and more TE trials need to be 







conducted in 2023 to further test this hypothesis. Passage estimates by site are presented in Table 
2.  


 


Table 2. Raw catch, Passage Estimates with 95% confidence intervals of target species by site and route 
captured in 2022, where possible. 


Site Route Species n Passage est. 95% C.I. 
Big Cliff Dam Tailrace Chinook 1,255 23,617 18,854 to 32,245 
Big Cliff Dam Tailrace O. mykiss 107   


Green Peter Dam Tailrace Chinook 0   
Green Peter Dam Tailrace O. mykiss 6   
Foster Dam HOR  Chinook 128 1,054 689 to 2,238 
Foster Dam HOR  O. mykiss 224   


Cougar Dam Powerhouse Chinook 1,193 7,912 4,743 to 23,823 
Cougar Dam RO Chinook 1,803 24,956 19,095 to 36,007 


Cougar Dam HOR  Chinook 710 18,952 14,462 to 27,482 
Fall Creek Dam HOR  Chinook 7   


Fall Creek Dam Tailrace Chinook 1   
Dexter Dam Tailrace Chinook 99   


Lookout Dam Powerhouse Chinook 40   
Lookout Dam Spill Chinook 38   


Lookout Point HOR  Chinook 108   
Hills Creek Dam Powerhouse Chinook 56 4,339 2,705 to 10,949 
Hills Creek Dam RO Chinook 84   


 
Trap Efficiency Trials. Due to limited hatchery fish availability and inconsistent catch of run of 
river fish for use in mark recapture studies for trapping efficiency, we used a flow-based 
approach to evaluate the efficiency of each trap. Flow categories were assigned for each trap that 
were tailored to the specific location and range of conditions the trap could operate in. Multiple 
trials with marked hatchery fish were conducted across the range of flows in a category and 
pooled together to calculate weekly estimates for each specific location based on the flows 
occurring during that time period. When sufficient numbers of run of river fish were available, 
captured fish were marked with a caudal clip that alternated weekly between the lower or upper 
lobe and released upstream of the trap. We also tracked trials based on size of hatchery fish used. 
Due to environmental conditions and fish availability, we were unable to test each site to the 
extent we had planned. We performed trapping efficiency trials with large groups of marked 
hatchery fish at locations summarized in Table 3. 
 
 
 
 
 
 







Table 3. Trap Efficiency trial summary data. Trial types: Hatchery L= Hatchery fish trials with 
low flows, Hatchery M=Hatchery fish trials with medium flows, Hatchery H= Hatchery fish 
trials with high flows, Hatchery= hatchery fish trials not assigned a flow category, RoR=Run of 
River * indicates days were pooled to get 5 returns. A successful trial had 5 or more recaptures 
within a week. **Predation was likely occurring at Lookout Point HOR and 2022 TE trials are 
suspect. 


Site Route Trial type Number 
of trials 


Successful 
trials T.E. (±95% C.I.) 


Big Cliff Dam Tailrace Hatchery L 7 7 5.4% (±1.6%) 
Big Cliff Dam Tailrace Hatchery M 4 4 3.0% (±0.7%) 
Big Cliff Dam Tailrace Hatchery H 2 2 4.4% (±0.4%) 


Green Peter Dam Tailrace Hatchery 2 1 1.7% 
Foster Dam HOR  Hatchery 6 5 8.4% (±7.4%) 
Foster Dam HOR  RoR O. mykiss 1* 1* 16.7% 


Cougar Dam Powerhouse Hatchery 4 4 15.9% (±10.6%) 
Cougar Dam RO Hatchery 8 8 7.1% (±2.2%) 
Cougar Dam RO RoR CHS >25 5 7.4% (±3.0%) 


Cougar Dam HOR  Hatchery 8 8 5.7% (±1.8%) 
Fall Creek Dam HOR  N/A N/A N/A N/A 


Fall Creek Dam Tailrace Hatchery 3 1 2.1% 
Dexter Dam Spill Hatchery 3 2 5.4% (±2.2%) 
Dexter Dam Powerhouse Hatchery 6 0 N/A 


Lookout Dam Powerhouse Hatchery 1 0 N/A 
Lookout Dam Spill Hatchery 1 0 N/A 


Lookout Point HOR  Hatchery 7 5** 4.5% (±4.1%) 
Hills Creek Dam Powerhouse Hatchery 4 4 3.0% (±2.0%) 
Hills Creek Dam RO Hatchery 4 3 2.1% (±1.3%) 
Hills Creek Dam RO via PH Hatchery 4 1 0.8% 


 
 


Injuries. A total of 4292 (78%) juvenile Chinook and 167 (50%) juvenile O. mykiss displayed at 
least one of the injury code conditions listed in Table 4. The most common injuries observed 
excluding the presence of copepods were descaling less than 20% and fin damage, some of which 
likely incurred upon capture in the RST. Table 4 provides a list of injuries assessed on captured 
fish by type.  


Table 4. Injury codes for Willamette Valley Downstream Fish Passage Monitoring Injury Assessments. 
Description of Injury/Condition  Injury Code  Injury Category  
Live fish with no external injuries  NXI  N/A  
Mortality with no external injuries  MUNK  N/A  
Descaling <20%  DS<2  N/A  
Bloated  BLO  Barotrauma  
Bloody Eye (hemorrhage)  EYB  Barotrauma  
Bleeding from Vent  BVT  Barotrauma  
Fin Blood Vessels Broken  FVB  Barotrauma  
Gas Bubble Disease (fin ray/eye inclusions)  GBD  Barotrauma  







Pop Eye (eye popping out of head)  POP  Baro/Mech  
Head Injury  HIN  Mechanical  
Operculum Damage  OPD  Mechanical  
Body Injury (tears, scrapes, mechanical damage)  TEA  Mechanical  
Bruising (any part of the body)  BRU  Mechanical  
Hole Behind Pectoral Fin  HBP  Mechanical  
Descaling >20%  DS>2  Mechanical  
Head Only  HO  Mechanical  
Body Only  BO  Mechanical  
Head Barely Connected  HBO  Mechanical  
Fin Damage  FID  N/A  
Predation Marks (vert. claw or teeth marks)  PRD  N/A  
Copepods (on gills or fins)  COP  N/A  
BKD (distended abdomen)  BKD  N/A  
Fungus  FUN  N/A  


 
Hold trials. 24-hour hold trials were performed on targets captured following dam passage and 
collection in rotary screw traps to assess mortality potentially from dam passage, collection, or 
holding. A total of 1830 Chinook and 78 O. mykiss were held in 2022 (Table 5). A total of 121 
target fish died during holding - 163 of the 1,830 Chinook (8.9%) and 12 of the 78 O. mykiss 
(15%). Weekly mortality rates for fish in hold varied from 0 to 100%. 


Table 5. Trap Efficiency trial summary data. Trial types: Hatchery L= Hatchery fish trials with low 
flows, Hatchery M=Hatchery fish trials with medium flows, Hatchery H= Hatchery fish trials with high 
flows, RoR=Run of River * indicates days were pooled to get 5 returns. A successful trial had 5 or more 
recaptures within a week. **Predation was likely occurring at Lookout Point HOR and 2022 TE trials are 
suspect. 


Site Route Chinook Held Mortality O. mykiss 
Held Mortality 


Big Cliff Dam Tailrace 473 11.0% 72 11.40% 
Green Peter Dam Tailrace N/A N/A 6 100% 


Cougar Dam Powerhouse 584 9.4% N/A N/A 
Cougar Dam RO 635 7.1% N/A N/A 
Dexter Dam  68 16.2% N/A N/A 


Lookout Dam  50 24.0% N/A N/A 
Hills Creek Dam  20 0% N/A N/A 


 
 
Tagged fish and downstream detections. A total of 2465 fish were PIT tagged or VIE marked 
at all sites in 2022. 2264 juvenile Chinook were tagged (2227 PIT tagged and 37 VIE marked) 
throughout the four sub-basins where RST sampling occurred, of which 41 PIT tagged Chinook 
were redetected downstream. 201 juvenile O. mykiss were PIT tagged in the North and South 
Santiam sub-basins, of which 1 was redetected downstream. 
 







Non-Target Capture Data. We captured 113,991 non-target fish (Table 6). Clipped Chinook are 
reported as non-targets as are O. mykiss collected outside the Santiam river. The catch was 
dominated by juvenile crappie captured below Lookout Dam (79%). The next most abundant 
species was dace (5%), mostly captured at Fall Creek Dam and Cougar Powerhouse. Juvenile bass 
captured below Lookout Dam composed 4.5% of the catch followed by clipped Chinook (2.8%) 
caught at various locations, and then bluegill and pumpkinseed (~3% combined). Non-target O. 
mykiss made up 1.4% and the remaining species account for 4% of non-target catch. 


Table 6. Summary of non-target catch at all sites. 
Taxa Catch 


Crappie 89720 
Dace 6317 
Bass 5119 


Adipose Fin Clipped Chinook (juvenile) 3282 
Bluegill 3027 


Pumpkinseed 1622 
O. mykiss 1541 
Sculpin 983 


Brown Bullhead catfish 402 
Kokanee 344 
Lamprey 302 


Cutthroat trout 284 
Largescale Sucker 235 


Mosquitofish 113 
Unknown fish 103 


Northern Pikeminnow 100 
Mountain Whitefish 95 


Smallmouth Bass 81 
Spotted Bass 78 


Speckled Dace 67 
Longnose Dace 66 
Redside Shiner 42 


Peamouth 16 
Bull Trout 13 
Walleye 13 


Brook Lamprey 12 
Sucker 9 


Largemouth Bass 3 
Pacific Lamprey (juveniles) 2 


Total 113,991 
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On September 1, 2021, the U.S. District Court for the District of Oregon issued an interim 
injunction that directs the Corps to implement interim injunction measures intended to improve 
conditions for fish passage and water quality in the Willamette Valley Project (WVP) to avoid 
irreparable harm to Endangered Species Act (ESA)-listed salmonids during the interim period 
until the completion of the reinitiated consultation. 
 
The Court assigned an Expert Panel comprised of two of Plaintiffs’ experts, two NMFS 
biologists, two Corps employees, and two “ad hoc” Federal experts to define the implementation 
plans of specific measures. As required by the injunction, the Expert Panel’s proposed measures 
must “provide meaningful research, monitoring, and evaluation (“RM&E”) of the interim 
measures.” Further, the injunction mandates that the Corps “fund and/or carry out RM&E to 
evaluate the effects of the interim measures on Upper Willamette River (UWR) Chinook salmon 
and UWR steelhead.” 
 
The goal of interim injunction measure 11 (Green Peter Dam – Outplanting Plan) is to create an 
outplanting plan that will provide South Santiam UWR Chinook salmon and steelhead access to 
the Middle Santiam subbasin. In 2022, the Corps began implementing injunction measure 11 by 
releasing a total of 800 hatchery adult South Santiam UWR Chinook salmon into the Middle 
Santiam River and Quartzville Creek. We conducted spawning ground surveys over a six-week 
period to document the spatial and temporal distribution of redds, measure redd dimensions, 
evaluate female spawning success, and estimate the available spawning habitat in the upper 
reaches of Quartzville Creek.    
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Bull Trout Salvelinus confluentus declined in the Willamette Basin over the last century and by 
the 1990s, the only remaining populations in the basin occurred in the McKenzie River drainage.  
The Upper Willamette Bull Trout Working Group formed in 1989 to coordinate activities to 
improve the status of bull trout populations and the group continues to guide recovery and 
mitigation efforts in the upper McKenzie, South Fork McKenzie, and Middle Fork Willamette 
drainages.  Measures taken to improve the species’ status have aimed to reduce angling-related 
mortality, improve habitat conditions and connectivity, restore the historical prey base, and 
reintroduce Bull Trout into formerly occupied tributaries.  Comprehensive population monitoring 
and research on potential limiting factors are essential components of this program.  We 
conducted monitoring efforts focused on Bull Trout in the Upper Willamette in 2022, and we 
will highlight selected results from these efforts in this presentation.   
 
To assess Bull Trout spawning abundance, we conducted bi-weekly redd surveys and installed 
PIT tag interrogation stations at the downstream end of spawning tributaries.  Redd surveys 
yielded the third highest total count on record (253 redds).  Redd counts remained relatively high 
for four local spawning populations and moderate for two populations.  
 
We operated PIT tag interrogation stations below Cougar and Hills Creek dams to detect tagged 
Bull Trout, we conducted angling efforts at Hills Creek Dam, and we assisted with processing 
and transporting bull trout collected at the Cougar Dam upstream passage facility.  We detected 
no Bull Trout below Hills Creek Dam in 2022, although a screw trap in the tailrace collected one 
Bull Trout in December 2021.  We did detect one PIT-tagged adult Bull Trout below Hills Creek 
Dam beginning in January 2023, and we will attempt to capture and transport this and any 
untagged Bull Trout this spring.  The Cougar Dam upstream fish passage facility collected 12 
Bull Trout during the 2022 operating season, including all 5 of the PIT-tagged fish detected by 
our PIT tag antennas during the autumn 2021 – spring 2022 passage season. We obtained post-
transport detections for 9 of the 12 Bull Trout (75%) including 7 fish subsequently detected in 
Roaring River in autumn (58%) and 3 fish (25%) that passed back downstream of Cougar Dam 
again in late October or early November. The PIT tag detection systems in the Cougar Dam 
tailrace has detected nine PIT-tagged Bull Trout since 1 Oct 2022, and operation of the upstream 
fish passage facility for 2023 is scheduled to begin in mid-March. 
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Trap and transport operations have been implemented in several Upper Willamette River 


tributaries with the objective of establishing natural populations of spring Chinook Salmon. 


These efforts are complicated by high annual rates of pre-spawn mortality (PSM) in transported 


adult Chinook salmon.  Recent improvements at the USACE trapping facilities at Fall Creek, a 


tributary of the Middle Fork Willamette River, have the potential to reduce PSM associated with 


trap and transport operations. However, previous studies suggest that adult Chinook salmon PSM 


is also related to other potentially manageable factors, including elevated temperature exposure, 


fish density, and exposure to other external stressors. Identifying these factors and developing 


management strategies to reduce their effect on PSM could aid in establishing natural 


populations. Strategy development is complicated by uncertainty associated with dynamic 


ecological systems that can affect strategy effectiveness. Thus, an ideal approach to PSM 


reduction would incorporate uncertainty and allow for the reduction of uncertainty through the 


incorporation of monitoring data. This approach could be transferable to reintroduction programs 


in other tributaries to help reduce PSM. 


We evaluated PSM in Fall Creek prior to improvements of the trapping and transport facilities in 


summer and fall of 2010-2017 and after improvement in 2020-2021. We estimated PSM and 


conducted exploratory analyses to identify possible non-transport sources of stress that may 


contribute to the observed high prespawn mortality rates in Fall Creek. Candidate factors 
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included long-term temperature exposure, temperature exposure below the Fall Creek trap, total 


number of outplanted fish, and human disturbance of outplanted fish. We then developed and fit 


three linear models each representing a hypothesis of the factor influencing PSM, incorporated 


them into a single decision model, and conducted sensitivity analyses. The decision alternatives 


included flow management at Fall Creek Dam, reducing human disturbances on outplanted fish, 


and flow management in the Willamette Basin during upstream migration.  


Preliminary analyses indicated that PSM averaged 66% over the study period and was greater for 


females than males. Additionally, PSM was negatively related to estimated cumulative thermal 


exposure of returning adults, average temperatures below Fall Creek Dam during June, and 


estimated human disturbance. Preliminary decision model simulations indicated that the 


candidate management action that reduced human disturbance during August would reduce PSM 


the most. Sensitivity analyses of the preliminary model indicated that the model was most 


sensitive to the three alternative PSM. Sensitivity analysis further suggested that reducing this 


source of uncertainty could lead to better management and reduce PSM by 7% per year under a 


high effort survey design. However, the expected reduction of PSM was lower under less 


intensive survey designs. We illustrate how annual monitoring data can be used to update the 


decision model and improve management. 
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Trap-and-haul outplanting of adult spring-run Chinook salmon is an ongoing fish management 
strategy in the Santiam River basin and in other Willamette River tributaries. Understanding the 
productivity of outplanted adults and their contribution to subsequent adult returns (i.e., cohort 
replacement) is critical to evaluating the efficacy of the outplant programs.  However, empirical 
estimates of replacement are difficult to generate due to the life history complexity and variable 
survival of juveniles and the presence of multiple adult age classes per cohort. Currently, the 
most reliable method to estimate cohort replacement is the use of genetic pedigree or parentage 
analysis, where returning adults are genetically matched to outplanted parents.  In this study, our 
goal was to develop a statistical model-based method for estimating the relative success of 
outplanted cohorts. 
 
The productivity of outplanted adults and their contribution to subsequent adult returns varies 
annually as a function of environmental and operational factors that affect life history pathways 
and stage- and reach-specific survival rates. Consequently, there is considerable uncertainty 
about the overall efficacy of the two Santiam River adult outplant programs.  Outplanting is 
nonetheless expected to continue as an interim management strategy while work progresses to 
improve fish passage and adult salmon management plans evolve at dams in the North and South 
Santiam basins.  Successful progeny of fish outplanted above Detroit and Foster dams do return 
to the Minto and Foster adult facilities and are considered natural-origin (NOR) adults.  
However, the genetic pedigree evaluations in several Willamette Basin Chinook salmon 
populations outplanted above dams have shown that adult returns rates have been below 
replacement and have even approached zero in some years, including in the McKenzie River, 
South Santiam River, North Santiam River, and Fall Creek. Optimizing the effectiveness of the 
outplant program in the Santiam River basin therefore requires information on the relative risks 
and benefits of outplanting adult Chinook salmon at different times and locations. We addressed 
four general objectives in our study: 


 
1) summarize available information on adult Chinook salmon outplanting and prespawn 


mortality, and juvenile Chinook salmon life history pathways in the Santiam River basin;  
2) construct models of cohort replacement rate (CRR) parameterized using life history 


pathway information and stage-specific survival data from a variety of Willamette River research 
sources;  


3) parameterize the models to evaluate Chinook salmon CRR in the Santiam basin under a 
variety of management and operational scenarios; and  


4) build interactive, web-based Shiny apps that allow model users to explore how user-
defined parameters values affect CRR.  


 
Methods. Our approach was to build models of cohort replacement rate (CRR) for each Santiam 
River sub-basin using reach- and stage-specific salmon survival parameters and life history (LH) 
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transition probabilities nested within a framework of juvenile LH pathways. Given the spatial 
complexity and juvenile Chinook salmon life history diversity in both sub-basins, we built 
separate models for adults outplanted from the Minto (North Santiam) and Foster (South 
Santiam) adult facilities. Model parameter values were derived from a mix of sources, including 
the Willamette River life cycle model for Chinook salmon SLAM (Species Life-cycle Analysis 
Modules), the U.S. Army Corps of Engineers’ Fish Benefits Workbook (FBW), Hatchery and 
Genetic Management Plans (HGMPs), and a variety of monitoring and research programs (i.e., 
prespawn mortality surveys, screw trap sampling, juvenile telemetry studies, etc.)  
 
We developed three primary metrics to compare results across CRR model scenarios.  These 
were: cohort replacement rate (CRR), fractional CRR to quantify the contribution of each LH 
pathway, and compound survival from egg to adult for each LH pathway.  CRR is the number of 
future adult females produced by a single cohort of outplanted females divided by the number 
originally outplanted. The fractional CRRs for each population are additive across LH pathways 
and allow visualization of the contribution of each LH pathway to the total CRR given 
alternative outplant scenarios and LH pathway composition within a cohort. Compound survivals 
provided a complimentary metric of expected per capita performance under a given scenario 
independent of LH pathway composition or relative abundance. To help model users further 
explore how key parameters affect results, we created Shiny apps for the North and South 
Santiam CRR models that create graphical summaries of results and parameter sensitivity 
surfaces based on user-selected parameter values. 


 
Results In our baseline models, predicted CRR values were broadly comparable to empirical 
estimates of CRR from genetic pedigree studies and to recent smolt-to-adult (SAR) estimates in 
the North and South Santiam basins. This congruence demonstrates that the models reasonably 
approximated the overall patterns of productivity and survival in the populations. The average 
CRR simulations in the North Santiam model were well below replacement at 0.686 for adults 
outplanted below Big Cliff Dam and 0.199 for adults outplanted above Detroit reservoir. In the 
South Santiam, the average was 0.410 for adults outplanted above Foster reservoir and was 0.020 
for adults outplanted above Green Peter reservoir.  Fractional CRR values showed that some 
juvenile LH pathways were much more successful than others. Across models, it was evident 
that some survival and life history parameters need better empirical support, especially for early 
life history stages (i.e., fry and subyearlings). 


   
The North and South Santiam Shiny apps were published on the Shiny server and are available to 
users at: https://mete-yuksel.shinyapps.io/NSAN_model/ and  
https://mete-yuksel.shinyapps.io/SSAN_model/. In addition to providing CRR estimates and 
fractional CRR, the app provides plots of outputs across all values of key parameters as response 
surfaces, allowing trade-offs and optima to be visualized.  


 
Management Implications. One of our primary conclusions for the North and South Santiam 
River outplant programs is that the baseline CRR simulations, as well as several competing 
management scenarios with modified parameter estimates, generally produced mean and median 
CRR values <1.00 in both sub-basins. This may indicate that the assumed LH pathways poorly 
represent reality or that model parameter values are too conservative. We relied heavily on the 
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parameters documented in the 2015 SLAM and FBW documentation, around which there is 
remaining uncertainty and year-to-year variability that we did not attempt to model. In our 
opinion, parameter estimates for the younger juvenile age classes have the least empirical 
support. Parameters that could be most improved by additional field research and monitoring 
include 1) egg-to-fry survival, 2) fry and subyearling survival in reservoirs, 3) survival of all 
juvenile age classes in the Santiam rivers downstream from Big Cliff and Foster dams, and 4) 
survival of all juvenile age classes in the Willamette River and Columbia River Estuary. The 
CRR models do demonstrate that some juvenile LH pathways are more successful than others, 
suggesting there may be opportunities to increase adult returns through operations that affect 
specific juvenile age classes and/or survival at dams, in reservoirs, or in downstream reaches. 








EVALUATING SPRING CHINOOK SALMON RELEASES ABOVE 
COUGAR DAM, ON THE SOUTH FORK MCKENZIE RIVER, USING 


GENETIC PARENTAGE ANALYSIS 
 


David I. Dayan1, Cristín K. Fitzpatrick1, Ryan Couture2, Kathleen G. O’Malley1 
 


1State Fisheries Genomics Lab, Coastal Oregon Marine Experiment Station, Department of 
Fisheries, Wildlife and Conservation Sciences, Oregon State University, Newport, Oregon 


2Oregon Department of Fish and Wildlife, Corvallis, Oregon 


david.dayan@oregonstate.edu 


 


Primarily hatchery-origin (HOR) spring Chinook salmon have been released above Cougar Dam on the 
South Fork McKenzie River since 1993 to restore ecosystem functions and access to historically 
productive spawning grounds. Since construction of a trap-and-haul facility at the base of Cougar Dam in 
2010, natural-origin (NOR) salmon have also been released above the dam. Genetic parentage analysis 
has been used to evaluate this reintroduction effort since 2007. Here, we extend the previous research to 
provide genetic and demographic inferences into the parental cohorts above Cougar Dam from 2007 – 
2015, and their offspring that returned from 2010 – 2020.  


Most (71%) NOR salmon collected at the Cougar Trap were produced above the dam. The remaining 
29% were likely immigrants produced elsewhere. We also found that the proportion of NOR immigrants 
collected at the Cougar Trap increased throughout the season, from less than 5% when the first salmon 
arrived to ~50% on September 1. Since 2015, all NOR salmon collected at the Cougar Trap have been 
tagged, released downstream, and only released above the dam if they were collected a second time at the 
trap. We found that NOR salmon produced above the dam were more likely to return a second time than 
NOR immigrants. From 2015 – 2020, downstream recycling limited above dam transport of 75% of NOR 
immigrants and 31% of NOR salmon produced above the dam.  


Most returning offspring in the South Fork McKenzie River were age-4 or age-5 (55% and 42%, 
respectively), with few returning at age-3 or age-6 (1.6% and 1.8%, respectively). Twenty percent of 
salmon released above Cougar Dam produced one or more adult offspring. The mean total lifetime fitness 
(TLF) was 0.36. For the subset of years when both NOR and HOR salmon were released above the dam, 
mean TLF was 2.1-fold greater for NOR than HOR salmon (0.49 vs. 0.23, respectively). 


The cohort replacement rate (CRR), defined as the number of future spawners produced by a spawner, 
never approached one, whether CRR was calculated using all individuals (CRRtotal), only females (CRRF), 
or only males (CRRM). The maximum CRRtotal was 0.44 (2007) and the minimum was 0.08 (2009). The 
effective number of breeders ranged from 139.8 to 368.8, indicating that the risk of inbreeding depression 
was minimal. 


We found that three variables and two interactions were predictive of TLF among salmon released above 
the dam. After accounting for all other significant predictors, NOR males were predicted to be 2.1-fold 
more fit than HOR males, and NOR females were predicted to be 1.6-fold more fit than HOR females. 
Male-biased sex ratios were predicted to result in greater fitness primarily among females. Salmon 
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released on the earliest release day in the dataset were predicted to be 1.7-fold more fit than those released 
on the latest release day. Variance in TLF among years and groups of individuals released at the same site 
on a single day was substantial after accounting for the significant predictors, suggesting that unmeasured 
variables within years and release groups influence TLF. Finally, NOR salmon were larger than HOR 
salmon, and larger size at maturity was also associated with higher TLF, indicating that the effect of 
origin (HOR vs. NOR) on fitness may be partially explained by differences in size at maturity. 


In summary, the Cougar Trap primarily collects offspring of salmon previously released above Cougar 
Dam. NOR immigrants arrive at the Cougar Trap later and are less likely to return a second time after 
downstream recycling. Therefore, both downstream recycling and late season downstream release 
selectively limit above dam transport of NOR immigrants relative to NOR salmon produced above the 
dam. Managers can adaptively modify these programs to control the disposition of NOR immigrants and 
NOR salmon produced above the dam. While NOR salmon produce approximately twice as many adult 
offspring as their HOR counterparts above the dam, this increased productivity is not sufficient to reach 
replacement. Therefore, any potential benefits of releasing NOR salmon above the dam must be weighed 
against the costs of releasing NOR salmon into a demographic sink, which may reduce NOR productivity 
basin wide.  
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For almost two decades, primarily hatchery-origin (HOR; adipose fin removed) spring Chinook 
salmon (Oncorhynchus tshawytscha) have been released above the Detroit-Big Cliff Dam 
complex on the North Santiam River with the goal of reestablishing natural spawning activity in 
historical habitats. In addition, natural-origin (NOR; adipose fin intact) spring Chinook salmon 
that enter the Minto Fish Collection Facility have been released into the reach between Minto 
and Big Cliff Dam. Genetic parentage analysis has been used to evaluate the contribution of 
spring Chinook salmon released above Detroit Dam to subsequent NOR adult salmon 
recruitment to the river. Here, we extend the analysis by assigning NOR adult salmon returns in 
2016 – 2020 to salmon released above Detroit Dam or to salmon released into the reach between 
Minto and Big Cliff Dam in 2011 – 2017. Note, a large number of NOR salmon (N = 498) were 
released above Detroit Dam in 2015 as a special measure to distribute the risk of potentially high 
prespawn mortality that was expected to occur in that extremely low, warm water year. 


 
We found that assignment rates of returning NOR adult spring Chinook salmon increased from 
35% in 2016 to 91% in 2020, with most individuals assigning to salmon previously released 
above Detroit Dam. The increase in assignment rate is likely, at least partially, attributed to 
operation of the new Minto Fish Collection Facility beginning in 2013. The inferred age 
structure of NOR returns based on our genetic parentage analysis results indicates that most adult 
offspring are age-4 with interannual fluctuations in the proportions of age-3 and age-5 salmon.  


 
On average, about 30% of salmon released above Detroit Dam in 2011 – 2015 produced at least 
one adult offspring that was identified through genetic parentage analysis. Mean total lifetime 
fitness (TLF), which considers all age-3, age-4, and age-5 adult offspring, was higher for females 
than males released above Detroit Dam, except in 2012 when the sex ratio was female biased. 
We found that sex and overall sex ratio of salmon released above Detroit Dam in a year was 
highly predictive of TLF. We also found that the effect of sex depended on the sex ratio. The 
predicted effect of sex ratio was strong and suggests that TLF could be substantially improved if 
sex ratios were balanced.  
 
Cohort replacement rate (CRR), or the number of future spawners produced by a spawner, was 
estimated using all individuals (CRRtotal), only females (CRRF), or only males (CRRM). 
Estimates for the 2011 – 2015 cohorts never approached one, indicating that replacement had not 
been met. 
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On average, about 20% of NOR salmon released into the reach between Minto and Big Cliff 
Dam in 2013 – 2015 produced at least one adult offspring that was identified through genetic 
parentage analysis. Mean female TLF was greater than mean male TLF in all three years and 
mean female TLF (0.93 ± 1.70 SD) and CRRtotal (0.56) were highest in 2015, the extremely low, 
warm water year. Interestingly, only 148 salmon were sampled and released below Big Cliff 
Dam that year and the sex ratio was close to one.  


 
Based on our findings, the decision to release ~500 NOR spring Chinook salmon above Detroit 
Dam in 2015 increased productivity in the system for that year. Mean TLF of NOR salmon 
released above Detroit Dam was 1.87-fold greater than the mean TLF of HOR salmon released 
above Detroit (Wald test p-value: 2.0 x 10-7), and 1.51-fold greater than the mean TLF of NOR 
salmon released below Big Cliff Dam (Wald test p-value: 0.039). 
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Smallmouth Bass (Micropterus dolomieu) are a nonnative fish that are widely distributed in 
rivers, reservoirs, and lakes throughout the Pacific Northwest of the United States. These 
predatory fish are pervasively present throughout juvenile Pacific salmon (Oncorhynchus spp.) 
habitat in the region and have been shown to be a significant source of predation mortality. 
Interactions between Smallmouth Bass and juvenile salmon increase during spring and summer 
as water temperatures warm. During this seasonal period, Smallmouth Bass become increasingly 
active (behaviorally and metabolically) as spawning begins and they expand their range to 
include habitat that was thermally unsuitable during fall and winter. This has led to concerns 
about population-level effects of Smallmouth Bass predation on Pacific salmon and other native 
fish species. These concerns are compounded by predictions that Smallmouth Bass will expand 
their range by two-thirds in the Columbia River Basin under future climate change scenarios. 


Habitat overlap between juvenile Chinook Salmon (O. tshawytscha) and Smallmouth Bass is of 
concern in the Willamette River Basin where spring-run Chinook Salmon are listed as 
‘threatened’ under the U.S. Endangered Species Act. Several studies have shown that juvenile 
Chinook Salmon spend a substantial amount of time rearing in Willamette River tributaries and 
the mainstem river. Other studies have shown that Smallmouth Bass are pervasive in the 
mainstem Willamette River and thus present a chronic predation threat to rearing juvenile 
Chinook Salmon.  


This work aims to quantify the extent of habitat overlap between Smallmouth Bass and juvenile 
Chinook Salmon using coupled hydraulic and stream temperature models, which provide a basis 
for examining streamflow management strategies that may limit predation potential. Preliminary 
results show that there is extensive Smallmouth Bass habitat throughout the Willamette River 
and that the amount of habitat overlap between Smallmouth Bass and juvenile Chinook Salmon 
is not sensitive to streamflow. We find augmented streamflow may result in less thermally 
suitable conditions for Smallmouth Bass, however, the spatial and temporal magnitude of this 
reduction is relatively small. We also document the expansion of Smallmouth Bass populations 
into important Chinook Salmon rearing reaches as revealed through repeat fish sampling 
between 2008 – 2022. 
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