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Effects of the Fall Creek reservoir drawdowns on downstream off-channel habitats. 


 
Brian L. Bangs, Paul D. Scheerer, and Shaun Clements 
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Corvallis, OR 97333 


brian.bangs@oregonstate.edu, (541)757-5080 
 


Since 2011 the U. S. Army Corps of Engineers (Corps) has implemented an 
annual complete reservoir drawdown of Fall Creek Reservoir on the Middle Fork 
Willamette River in response to requirements in the National Marine Fisheries 2008 
Biological Opinion for the continued operations of the Willamette project (BiOp).  The 
objectives of the reservoir drawdown are to improve passage efficiency and survival of 
juvenile Chinook salmon migrating out of Fall Creek Reservoir and to reduce the 
abundance of nonnative fish populations inhabiting the Fall Creek Reservoir.  However, 
the effect of the drawdowns on downstream habitats and fish populations is unclear. 
During the drawdowns, the lake elevation is lowered from the minimum conservation 
pool elevation of 728 feet to approximately 680 feet, allowing inflowing water to pass 
freely through the regulating outlet.  As a result, a massive volume of silt, sand, and 
debris is scoured from the reservoir bed and flushed, causing sediment deposition to 
occur in off-channel habitats located downstream of the dam.  To determine whether the 
drawdowns had a negative effect on fish and habitats downstream of the dam, the Oregon 
Department of Fish and Wildlife (ODFW) began monitoring four slough habitats on Fall 
Creek downstream of the reservoir in 2012. In 2012, we mapped the bathymetry, installed 
water depth and temperature data loggers, and completed surveys to determine the fish 
assemblage at each of these four sites.  We monitored sedimentation during the 
drawdown of Fall Creek reservoir, remapped the bathymetry of each slough, and 
surveyed the fish assemblage in 2013 and 2014.  We will discuss our analysis of data the 
collected in 2012-2014, and how these results relate to management of Fall Creek 
reservoir and applicability to other Willamette Project reservoirs.   
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Bluegill habitat use of an off-channel floodplain habitat containing Oregon chub 
 


Paul Scheerer, Brian Bangs, and Shaun Clements 
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Oregon chub are small minnows that are endemic to the Willamette River basin in 


western Oregon.  Oregon chub prefer off-channel habitats such as sloughs and beaver ponds 
which are shallow with an abundance of aquatic vegetation, minimal flow, and silt/organic 
substrate.  Studies conducted by ODFW over the past two decades have found that these habitats 
are also preferred by nonnative bluegill, which may compete with Oregon chub.  Chub 
abundance is often lower in habitats containing bluegills.  In habitats where these species co-
occur, trapping data suggests that habitat partitioning may occur, whereas the two species may 
use different habitats depending on water temperatures and depth.  The objective of our study 
was to describe summer habitat use by bluegills in an off-channel habitat and to assess the extent 
to which habitat partitioning occurs between Oregon chub and bluegills.  We describe the 
combination of habitat characteristics (depth, temperature, and aquatic vegetation) that may be 
responsible for this partitioning.  We conducted our study in the North Intake Channel on Geren 
Island in the North Santiam River drainage near Stayton, Oregon from early-July through late-
September.  We chose this site because it supports abundant populations of both Oregon chub 
and bluegills, it is screened to prevent movement of fishes into or out of the site, access to the 
site by the public is restricted by a locked gate, and it has a wide variety of water temperatures, 
depths and aquatic vegetation.  The slough-like channel is approximately 375 m long by 5 m 
wide.  To assess bluegill habitat use, we PIT tagged over 500 bluegills and installed 20 PIT-tag 
antennas throughout the gradient of available temperatures, at varying depths, at locations with 
or without aquatic vegetation, and at both edge and offshore areas.  We installed thermographs 
on each antenna and associated water temperatures with tag detections.  We produced high 
resolution maps of the site bathymetry and temperatures to estimate availability of different 
habitat types, based on depth, temperature, and vegetation.  We compared the use of specific 
habitats (tag detections at each antenna) with the total habitat available at the site with similar 
characteristics, to infer bluegill habitat preferences.  Because Oregon chub were too small to PIT 
tag, we marked >500 chub with visual implant elastomer (VIE) tags.  We set minnow traps and 
captured chub in the vicinity of each antenna over a 6 week period.  We separated the site into 
three equidistant reaches, and added additional VIE marks (different color) whenever a marked 
chub was recaptured in a new reach.  From these data we can infer chub coarse-scale habitat 
preferences and movement among reaches.  We will present preliminary results from analysis of 
these data. 
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IN-RESERVOIR SUMMER CONDITIONS AT FALL CREEK AFTER DEEP 
DRAWDOWN 


 
Christina A. Murphy1, Sherri Johnson2, Ivan Arismendi1, 


 
1Oregon State University 
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Change to the drawdown regime of Fall Creek Reservoir to below conservation pool has 
improved downstream passage of Chinook Salmon and survival for Chinook Salmon through 
Fall Creek Dam. We are examining whether there are impacts to reservoir ecology and food 
webs upon refilling of Fall Creek Reservoir. Summer conditions within the reservoir are 
especially important because many Chinook Salmon juveniles rear in Fall Creek Reservoir for an 
extended period of time and have high growth rates while in the reservoir. The data being 
collected can be used to both examine the effects of modified drawdown regimes on food web 
dynamics and in-reservoir conditions as well as to parameterize models exploring how these 
changes may affect rearing Chinook Salmon.  
 
We are studying physical, chemical, and food web dynamics nutrients following deep drawdown 
in Fall Creek Reservoir (FC) and using Hills Creek Reservoir (HC) as a reference site.  We 
expected that drawdown to streambed might increase the export of zooplankton, which serve as 
food for the juvenile Chinook Salmon, and reduce the availability of food resources the 
following summer. We also expected that drawdown might lead to changes in sediment 
dynamics and nutrients – either increasing availability and turbidity by resuspension or 
decreasing through washout – and that these responses would decrease over time with repeated 
deep drawdown.  
 
We found that zooplankton in FC had lower densities than HC in early summer, but that by late 
summer these densities had rebounded. Daphnia abundances were over 700 individuals/m3 in 
August in both reservoirs.  The peak densities in both reservoirs occurred 5m below the surface 
and water temperatures between 22 and 24 °C. In both 2013 and 2014, FC had a shallower 
thermocline than HC at the end of the summer full pool; thermocline depths were 9m in FC in 
August 2013 and 2014 and 22m and 21m in August 2013 and 2014 in HC, respectively. The 
differences in thermoclines and temperature distributions between reservoirs were consistent 
with greater light attenuation in FC during full-pool than in HC. Light attenuation (k) in FC was 
similar in August in 2013 and 2014 (k = 0.49±0.04 and 0.54±0.12, respectively); we observed a 
shift to greater attenuation in 2014 at HC (k = 0.29±0.03 and 0.39±0.05, respectively). Fine 
suspended particulates appear responsible for the increased light attenuation in FC and would be 



mailto:tim.shibahara@pgn.com





consistent with resuspension during the deep drawdown. Also, during August, FC showed 
decreasing oxygen at depth (down to 24% saturation, or 2.8mg/L, at 37m in 2014). Light plays a 
critical role in both thermocline structuring as well as in productivity and biotic interactions. The 
effects of light in FC could be expected to impact Chinook Salmon both directly (foraging 
reaction distance) and indirectly (proximity of optimal temperatures and high zooplankton 
availabilities).  
 
Although the zooplankton have similar distributions in these reservoirs, they may be more or less 
available to the Chinook Salmon because of the temperatures at specific depths. We are 
exploring with bioenergetic modeling whether the observed thermocline differences across 
reservoirs could alter the access to zooplankton prey by Chinook Salmon. In both years 
following deep drawdown in FC, optimal temperatures for Chinook Salmon growth (12-18°C) 
are near to where their prey, Daphnia, are in highest abundance. In HC, the cooler zones of water 
were further from high densities of zooplankton. We use these physical and biological data as 
inputs to foraging and Wisconsin bioenergetic models to compare relative Chinook Salmon 
growth as a function of availability of Daphnia at optimal temperatures. This will increase our 
understanding of possible responses by Chinook Salmon to changes in water level with reservoir 
management. We will be conducting similar research and modeling to evaluate responses to 
extended drawdown at Lookout Point Reservoir over the next several years. 








UNDERSTANDING POTENTIAL CHANGES IN TROPHIC RELATIONSHIPS DUE TO 
DEEP DRAWDOWN AT FALL CREEK RESERVOIR USING STABLE ISOTOPES 


RATIOS 
 


Ivan Arismendi1, Christina A. Murphy1, Sherri L. Johnson2 
 


1Oregon State University 
Department of Fisheries & Wildlife, Corvallis, OR 97331 


Ivan.Arismendi@oregonstate.edu 
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Deep drawdown of reservoirs (defined as the drawdown below conservation pool) may induce 
highly variable and complex effects in fish communities and ecosystems. Here, we examined 
trophic relationships among fishes in two reservoirs under different drawdown regimes including 
Fall Creek (after a deep drawdown) and Hills Creek (reference site without deep drawdown) 
during late summer and early fall.  


We hypothesized that deep drawdown will lead to export of nutrients and taxa downstream (i.e., 
native and introduced fishes) triggering potential cascading effects on reservoir’s food web and 
productivity the following seasons. Specifically, the export of both native and introduced fishes 
may alleviate predation upon juvenile salmonids, but changes in nutrient availability, primary 
production, and zooplankton composition may modify the quality of reservoir rearing habitat 
(e.g., food resources) for juvenile salmonids as well. 


To identify trophic relationships among consumers (e.g., dietary overlap and piscivory), we used 
stable isotopes ratios of nitrogen, carbon, and sulfur from each reservoir food web (primary 
producers, macroinvertebrates, zooplankton, and fishes). For the analyses of stable isotopes we 
collected tissue from primary producers, macroinvertebrates and zooplankton using standard 
limnological methods. In addition, we extracted tissue from fin clips of fish that were captured 
using a variety of methods including short-set gill and trap nets, as well as USACE collected 
fishes as incidental mortalities of individuals that passed through the dams. All samples were 
freeze-dried to avoid posterior isotopic enrichment. In this study, we included data from both 
native and introduced fishes that are often found in these reservoirs including Black Crappie 
(Pomoxis nigromaculatus), White Crappie (P. annularis), Blue Gill (Lepomis macrochirus), 
Brown Bullhead (Ameiurus nebulosus), Yellow Bullhead (A. natalis), Largemouth bass 
(Micropterus salmoides), Northern Pikeminnow (Ptychocheilus oregonensis), Blackside Dace 
(Phoxinus cumberlandensis), Longnose Dace (Rhinichthys cataractae), Rainbow Trout 
(Oncorhynchus mykiss), Cutthroat Trout (O. clarkii), Chinook salmon (O. tshawytscha), Redside 
Shiner (Richardsonius balteatus), Sculpin (Cottus spp.) and Largescale Sucker (Catostomus 
macrocheilus).  


Carbon and nitrogen stable isotope ratios from Chinook Salmon were relatively similar between 
the two reservoirs. In addition, sulfur isotope ratios from Chinook Salmon did not show a strong 
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signal of benthic macroinvertebrates, reinforcing the importance of zooplankton as their main 
food resource. Isotope ratios of Largemouth Bass, a potential predator of Chinook Salmon, 
showed noticeable differences between the two reservoirs. At Fall Creek Reservoir (deep 
drawdown), nitrogen and carbon isotope ratios of Largemouth Bass were very similar to Chinook 
Salmon, suggesting the potential for competition for food, although additional evidence would be 
required to confirm this. Conversely, higher nitrogen isotope ratios from Largemouth Bass at 
Hills Creek Reservoir indicated a higher trophic level than Chinook Salmon suggesting that 
Largemouth Bass may prey upon Chinook Salmon in that reservoir. Further, at the fish 
community level, taxa from Fall Creek Reservoir (deep drawdown) had a very narrow carbon 
base compared to Hills Creek Reservoir (reference reservoir), suggesting that the food web has 
less diverse basal resources. A narrower carbon base is indicative of many taxa using similar 
basal resources and thus, a greater potential for diet overlap among fishes. We found a lower 
maximum nitrogen isotopic ratio at Fall Creek Reservoir suggesting a shorter food web length 
than at Hills Creek Reservoir.  


These findings are consistent with the idea that deep drawdown exports many of the introduced 
fishes downstream and afterward there is an overall reduction in fish abundance within the 
reservoir. Under such conditions, generalist predators may switch their diets from piscivory to 
the remaining and more abundant prey (e.g., zooplankton). Results from additional sampling 
conducted at Blue River Reservoir (secondary reference site) revealed that Rainbow Trout and 
Bluegill had broader carbon base there than in the other reservoirs. We also examined the level 
of individual specialization and potential trophic relationship among fishes using several metrics 
of isotopic niche and their overlap among reservoirs. We found that isotopic niches can vary 
between reservoirs depending on the availability of prey, fish ontogenic stage and species.  


 








Estimates of Prespawn Mortality Rates Based on Missing Chinook Salmon in the 
Mainstem Willamette River 
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Large numbers of Chinook Salmon transported above dams are known to die prior to spawning, 
but little is known about prespawn mortality rates in the mainstem Willamette River. Although it 
is very likely that prespawn mortality occurs in the mainstem, dead fish are likely to be 
unreported given monitoring programs and river conditions. We provide an indirect estimate of 
mainstem prespawn mortality for 2001 – 2013 based on the number of ‘missing fish’, calculated 
by comparing fish counts at Willamette Falls to the sum of fish encountered at upstream projects, 
estimates of mainstem spawners from red counts, and reported harvest. The annual proportion of 
missing fish varied from 0.28 to 0.55 and was positively related to the size of the run and length 
of time spent in the river. These relationships suggest that the proportion of missing fish is 
density dependent and increases with exposure to pathogens, which aligns with a disease 
mechanism resulting in prespawn mortality. Although the fates of missing fish are unknown, we 
utilize existing pathogen information from studies to propose potential prespawn mortality 
agents. We also discuss implications for salmon recovery, outplanting procedures and future 
monitoring efforts.  
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Design and Performance of the River Mill Surface Collector on PGE’s Clackamas Hydro 
Project 


Nick Ackerman 


Portland General Electric 


PGE owns and operates the Clackamas River Hydroelectric Project on the Clackamas 
River in northwest Oregon. The Project is a 100+ year old three dam complex. River Mill Dam, 
built in 1911, is the most downstream dam in the Project. Prior to 2012, the only routes of 
passage for downstream migrating fish were through the powerhouse or at high flows over the 
spillway. In December 2012, PGE put into operation a 500 cfs surface collection facility for 
collection and safe passage of downstream migrating fish. Paired releases of PIT tagged fish 
upstream of River Mill Dam in 2013 and 2014 indicate that survival of salmon and steelhead 
smolts through the impoundment (Estacada Lake), and fish guidance efficiency are greater than 
95% for all three species tested. Injury rates of PIT tagged smolts recovered at the surface 
collector were less than 2%. Numbers of fish captured in the collector have far exceeded 
expectations, with over 200,000 juvenile salmonids collected in the first two years of operation. 
This presentation will provide a brief overview of the surface collector design, review biological 
performance, and touch on lessons learned in the first two years of operation.  
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HYDROACOUSTIC EVALUATION OF JUVENILE SALMONID PASSAGE AND 
DISTRIBUTION AT FOSTER DAM, 2013-2014 


James Hughes, Jina Kim, Jose Vazquez, and Gary Johnson 
 


Pacific Northwest National Laboratory, Richland, WA. 
James.Hughes@pnnl.gov 


 
The goal of this 14-month study (April 2013 through May 2014) was to provide baseline data 


on juvenile salmonid passage at Foster Dam (Foster) to support decisions on long-term measures 
and operations to improve passage conditions.  The  objectives of the evaluation of juvenile-size 
target1,2 passage and distribution at Foster were as follows:  1) estimate passage rates, run timing, 
horizontal and diel distributions, and passage proportion at the following routes: turbines, 
spillway, and fish weir; 2) estimate passage proportions for the spillway and weir during 
concurrent operations; 3) determine if operating the fish weir decreases turbine passage; 4) 
analyze relationships between downstream fish passage and environmental variables; 5) estimate 
vertical distribution in the forebay near the upstream face of the dam.  An additional objective 
was to estimate passage rates, run timing, and distributions for adult-size3 targets (steelhead 
kelts) during spring 2013 and spring 2014. 


We instituted the fixed-location hydroacoustic technique to accomplish the objectives of this 
study.  Transducers (420 kHz) were deployed in each of the two turbine penstock intakes, at Spill 
Bays 2 and 3, at the fish weir in Spill Bay 4, and on the dam face.  A total of nine transducers 
(one single-beam and eight split-beams) were sampled 24 hr/d, 7d/wk.  We interpreted the 
hydroacoustic data using species composition data from a screw trap in the tailrace operated by 
the Oregon Department of Fish and Wildlife.  To determine if operating the fish weir during 
summer months when the reservoir was full (El. 635 ft) decreases turbine passage rates, a 
passage test with a treatment block design was conducted for the summer passage season (June 3 
- September 26, 2013).  Four-day treatment blocks consisted of two days of turbine only 
operation (T) followed by two days of turbine + weir operation (T+W).  The response variable in 
the test was turbine passage.   


We present results for five seasonal periods based on distinct patterns in pool elevation and 
migrational periods:  spring 2013 (April 1–May 31); summer (June 1 – September 30); fall 
(October 1–November 30); winter (December 1–February 28, 2014); and spring 2014 (March 1–
May 31).  Key findings included: 


• Turbine passage rates for juvenile-size targets were highest during spring 2013, fall, winter, 
and spring 2014 (low pool periods).  Turbine passage was lowest during summer months 
(full pool). 


                                                           
1 While we can discriminate between size classes of fish, we cannot discriminate with hydroacoustic data 
between salmonid species and non-salmonid species of the same size and having swim bladders. 
2 For the purpose of analysis in this study, juvenile-size targets were defined as fork length ~70 mm ≤ FL 
< ~300 mm.  The lengths are approximations based on acoustic target strength. 
3 For the purpose of analysis in this study, adult-size targets were defined as fork length ~300 mm ≤ FL ≤ 
~800 mm.  The lengths are approximations based on acoustic target strength. 
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• Horizontal distribution for hours when both turbine units were operated simultaneously 
indicated Unit 1 passed the vast majority of fish when compared to Unit 2. 


• When the turbines and spillway (either Spill Bay 2 or Spill Bay 3 or both) were operated 
simultaneously in fall 2013 (95 h) and winter 2013−2014 (536 h), spillway passage 
proportion4 ranged from 0.15 to 0.38 and effectiveness5 from 0.36 to 0.53.   


• When the turbines, spillway (either Spill Bay 2 or Spill Bay 3 or both), and fish weir were 
operated simultaneously in fall 2013 (503 h), spillway passage proportion was 0.29 and 
effectiveness was 0.85.  For the weir, passage proportion was 0.02 and effectiveness was 
0.47. 


• When Spill Bays 2 and 3 were operated simultaneously, horizontal distribution data indicated 
twice the number of juvenile-sized targets passed via Spill Bay 2 than Spill Bay 3. 


• Through multiple regression analysis, the following environmental variables were included 
in the model of fish passage:  total project discharge, water temperature, and season.   


• Passage rates during the T+W treatment (summer 2013; full pool), when both the turbines 
and fish weir were operated, indicated 84% of all juvenile-size targets passing under these 
conditions did so via the fish weir; 571 ± 48 (95% CI) fish at the turbines vs 2,869 ± 49 (95% 
CI) fish at the weir.  Under the T+W treatment, differences in turbine and weir passage rates 
were statistically significant (P < 0.001).  However, there was no difference (P = 0.93) in 
total turbine passage rates between the weir open and closed treatments.  These findings 
imply fish did not sound to pass into the turbines when the weir was closed, but when the 
weir was open, they passed over it. 


• An estimated 233 ± 96 (95% CI) kelt-size acoustic targets passed Foster Dam in spring 2013 
with the majority passing via the weir when at the low pool (616 ft) elevation (126 ± 50 [95% 
CI]) and at the high pool (635 ft)  elevation (18 ± 6 [95% CI]).  Similarly in spring 2014, 195 
± 57 (95% CI) passed with 174 ± 46 (95% CI) passing via the weir at the 616 ft elevation. 


We reached the following conclusions based on the evaluation of juvenile and adult salmonid 
passage and distribution at Foster Dam from April 2013 through May 2014:  the timing of peaks 
in passage at Turbine Unit 1 corresponded reasonably well to peaks in fish passage observed in 
the direct-capture data from the tailrace screw trap; yellow perch biased the hydroacoustic 
estimates of fish passage upward when perch were prevalent in fall 2013, winter 2013−2014, and 
spring 2014; the fish weir and the spillway both passed juvenile-size targets, although neither 
route was very efficient because Turbine Unit 1 passed the majority of the juvenile-size fish 
moving downstream through the dam; and estimates of kelt-size targets passing Foster Dam 
indicate the fish weir is the primary route for passage during the spring.   


 


                                                           
4 Spillway and weir passage proportion is estimated as spillway or weir passage divided by total project 
passage. 
5 Spillway/weir effectiveness is estimated by the fish:flow ratio—proportion fish passage at a route (e.g., 
spillway/weir) divided by proportion of water through that route out of the total project. 
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EVALUATION OF JUVENILE SALMONID PASSAGE AND BEHAVIOR AT FOSTER 
DAM UTILIZNG RADIO TELEMETRY, 2014-2015 


James Hughes, Brian Bellgraph, Jose Vazquez, and Gary Johnson 
 


Pacific Northwest National Laboratory, Richland, WA. 
James.Hughes@pnnl.gov 


 
The goal of this study is to provide information on passage of juvenile Chinook salmon and 


juvenile steelhead (or appropriate surrogate) at Foster Dam (Foster) to support decisions on long-
term measures and operations to improve passage conditions.  Providing passage data for 
juvenile salmonids (route of passage, residence times, survival, and passage proportions) will 
further ensure biological risks to downstream-migrating fish are minimized.  Areas of particular 
interest for this study are passage routes at the spillway, fish weir, turbines, forebay water supply 
(FWS), hatchery water supply (HWS), and auxiliary water supply (AWS) intakes. 


A full-scale radio telemetry evaluation will be conducted under typical levels of forebay 
elevation and project discharge during 2015.  During the field sampling period from fall 2014 
through fall 2015, the overall objectives will be to perform a full project assessment at low and 
high pool (613 ft and 635 ft forebay elevation, respectively) for passage of radio-tagged juvenile 
Chinook salmon and steelhead to:   


I. Estimate diel distribution, behavior, and movements of radio-tagged juvenile fish into 
and within the forebay of the dam. 


II. Estimate the following passage metrics under typical operations (i.e., baseline 
conditions): 
a) Reservoir and forebay residency times 
b) Route distribution 
c) Dam passage efficiency 
d) Reservoir, project, dam, and route-specific survival 


III. Estimate juvenile entrainment rates in the FWS, AWS, and HWS. 
IV. Estimate passage metrics under alternative operations; “block/treatment” (on/off) test 


with spillway operations versus turbines. 
V. Estimate detection efficiency of the fish-weir PIT antenna.  


Little is known about residence times of out-migrating juvenile Chinook salmon and juvenile 
steelhead into and through the Foster reservoir.  Therefore an optimization task, conducted 
during the fall of 2014, was performed to assess the adequacy of tag life and determine the 
detection probabilities of radio telemetry arrays to ensure the study objectives could be met.  
This work entailed optimally configuring and fine-tuning of the radio telemetry system in 
preparation for the full-scale evaluation in 2015.  Preliminary results presented herein are from 
the optimization task and will be used directly to inform the 2015 spring and fall evaluation. 


From October 21-23, 2014, Chinook salmon and steelhead (samples sizes 94 and 97 fish, 
respectively), provided by the Oregon State University surrogate program, were double tagged 
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with radio (RT) and Passive Integrated Transponder (PIT) tags and released in the Foster 
reservoir.  Fish were released at mid- and head-of-reservoir (one-half each at 2 km and 4 km 
upstream of Foster, respectively).  Radio tags were evenly distributed across 5 frequencies in a 1 
Mhz band (166.500 – 167.495) and burst rates were staggered across all frequencies (4.5 sec-5.2 
sec burst rates).  Further randomization occurred between release locations, frequencies, codes, 
and burst rates to minimize the probability of code collision at a telemetry array on the dam-face.  
Direct-mounted underwater balanced loop-vee radio antennas were deployed at all spill bays and 
on trash racks of the penstock intakes as well as in possible entrainment locations in the FWS, 
AWS, and HWS.  Balanced loop-vee antennas were chosen because of their nearly spherical 
reception pattern, which allowed for ease of deployment and consistent detection efficiency in all 
planes.  Downstream arrays consisted of an egress, primary, and secondary array (2.5, 10, and 13 
km downstream of Foster Dam).    


We have the following findings from the radio telemetry evaluation of juvenile Chinook 
salmon and steelhead during the fall 2014 optimization task:  burst rate and therefore tag life is 
adequate for a full project assessment in spring and fall 2015; code collision was minimal at the 
dam-face telemetry array; in general, receiver configuration and system settings (dam face and 
autonomous arrays) were optimal to ensure the highest detection efficiencies; minimal alterations 
will be made to array configuration (antenna orientation, sensitivity etc.) before the 
commencement of the 2015 spring study.  Data analysis for the fall optimization study is 
ongoing and preliminary results of fish passage will be presented at the Willamette Science 
Review.  


Research plans for 2015 include tagging and releasing 700 Chinook salmon and 800 
steelhead during spring and another 1350 Chinook salmon during fall to address the above 
objectives.  Additionally, a randomized block designed spill test, to evaluate passage at the 
spillway versus the turbines, is planned for spring 2015.  Treatments will be derived from an 
on/off operation at the spillway and turbines for both low pool (613 ft.) and high pool (635 ft.) 
evaluations. 
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Genetic pedigree analysis of spring Chinook salmon reintroduced above Foster Dam on the 
South Santiam River 


 
Melissa Evans1,*, Kathleen O’Malley1, Marc Johnson1,2, Michael Banks1, Dave Jacobson1, and Michael 


Hogansen2 
1Oregon State University, Department of Fisheries and Wildlife 


Coastal Oregon Marine Experiment Station, Hatfield Marine Science Center 
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Corvallis Research Laboratory 
28655 Highway 34, Corvallis, Oregon 97333 


 
 


Upper Willamette River spring Chinook salmon (Oncorhynchus tshawytscha) are listed 
as threatened under the United States’ Endangered Species Act. On the South Santiam River, a 
tributary of the Willamette River, recovery of spring Chinook is limited by Foster Dam, which, 
along with Green Peter Dam, blocks access to ~85% of the population’s historical spawning 
habitat. In the 1990s, the Oregon Department of Fish and Wildlife initiated reintroductions of 
Chinook salmon above Foster Dam. In this study, we used genetic parentage analysis to evaluate 
the contribution of salmon reintroductions to subsequent adult recruitment to the South Santiam 
River at Foster Dam. The parentage of salmon sampled as carcasses below Foster Dam was also 
examined to estimate the contribution of the reintroduction program to below-dam recruitment. 
Our analyses considered seven years (2007-2013) of reintroductions and multiple cohorts.  
 


Respectively, 74% and 66% of salmon reintroduced above the dam during 2012 and 2013 
were identified as progeny of reintroduced parents (2007-2009). Reintroduced salmon also 
produced up to 15% of adult recruits to the river below the dam. Overall, adult offspring 
recruitment met or marginally exceeded replacement of previous generations. The number of 
adult progeny returning per adult reintroduced above the dam during 2007 and 2008 (cohort 
replacement rate) was 0.96 and 1.16, respectively.  
 


The fitness of reintroduced salmon was highly variable (range: 0-38 adult progeny) and 
in some years (2007 and 2008, but not 2009) was positively associated with date of 
reintroduction above the dam. In all years but 2007, females achieved higher fitness compared to 
males. Moreover, parental pairs involving a hatchery origin individual achieved lower fitness 
than pairs comprised of unmarked presumed natural origin salmon, though this finding was 
based on a limited number of observations of the latter.  
 


Taken together, our results suggest that reintroductions are a promising method of 
increasing natural production within this threatened population. Continued monitoring of salmon 
reintroductions is needed to evaluate how recent modifications to the program, including 
reintroductions of wild salmon only above the dam, will impact efficacy. 
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FALL CREEK, NORTH FORK MIDDLE FORK WILLAMETTE AND SOUTH FORK 


SANTIAM RIVERS, 2008-2014 
 


Matthew Keefer1*, George Naughton1, Christopher C. Caudill1, Tami Clabough1, Gregory Taylor2, Matt 
Knoff1, Mark Morasch1, and Cameron Sharpe3 


 
1Department of Fish and Wildlife Sciences 


University of Idaho, Moscow, ID, 83844-1141  
 


2US Army Corps of Engineers 
40386 West Boundary Road 


Lowell, OR, 97424 
 


3Oregon Department of Oregon Department of Fish & Wildlife, Corvallis Research Lab 
28655, Highway 34, Corvallis, OR 97333 


 


*mkeefer@uidaho.edu (406-556-0639) 


In recent years, high percentages (80-90%) of adult Chinook salmon transported above 
dams in some Willamette River tributaries have died prior to spawning.  In 2014 we continued to 
survey the energetic status and prespawn survival rates of three populations of Willamette River 
spring Chinook salmon, monitored river environmental conditions, and investigated the 
relationships among prespawn mortality and a suite of potential causative factors.   


In 2014, a total of 160 Chinook salmon were sampled at Fall Creek.  Fish were collected, 
assessed for energetic condition, PIT-tagged and then transported above the dam and allowed to 
spawn naturally.  PIT-tagged salmon recovered during spawning ground surveys on Fall Creek, 
will be used to estimate prespawn mortality rates.  The average water temperature during the 
study period was 16.7 °C with a peak of 21.8 °C occurring in early August.   


Two-hundred Chinook salmon collected at the Dexter trap were radio- or PIT-tagged 
(n=75 radio, n=125 PIT) then outplanted into the North Fork Middle Fork (NFMF) Willamette 
River in 2014.  Prespawn mortality rates of radio and PIT tagged fish recovered on the spawning 
grounds will be presented.    Mean water temperature in the NFMF during the study period was 
11.5 °C with a peak of 14.5 °C occurring in mid-July.   


As in 2013, we initiated outplanting into the NFMF approximately a month earlier than in 
previous years.  Of the 200 PIT and radio-tagged fish released in the NFMF, 60 (30%) were 
released between 21-May and 4-June (early release group, hereafter).  The remaining 140 fish 
(70%) were released between 11-June and 30-July (standard release group, hereafter).  We will 
compare recovery and prespawn mortality rates of the early and standard release groups. 


We also continued our prespawn mortality study in the South Fork Santiam River 
upstream from Foster Dam.  A total of 174 spring Chinook salmon were radio (n = 75) and PIT-
tagged (n = 99) then transported upstream from the dam.  PIT and radio-tagged fish recovered on 
the spawning grounds will be used to calculate prespawn mortality rates.  Of the 75 radio-tagged 
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fish, 44 (59%) were released in Foster Reservoir.  Of the 44 fish released in the reservoir 21 
(47.7%) fish were last recorded in the South Santiam, 12 (29.5%) in the Middle Fork Santiam 
and 10 (22.7%) fell back over Foster Dam.  Mean reservoir duration times for fish last recorded 
in the South Santiam River was 11.4 d (n=21) and 12.8 d (n=6) for fish last recorded in the 
Middle Santiam River.  Time from release to fallback ranged from 0.6 to 31.6 days.  Mean water 
temperature in the South Santiam during the study period was 15.2 °C with a peak of 19.3 °C on 
2-Aug. 


 In 2014, we initiated a study at Minto Dam on the North Santiam River to determine 
spawning ground distributions and fallback rates of unmarked Chinook salmon. Of the 50 fish 
tagged and released at the Minto Fish Facility, 40% fell back while 24% were last detected in the 
Big Cliff Dam tailrace.  Although telemetry data was limited, most of the remaining fish were 
last detected 1-2 km upstream from Minto Dam.  In a separate sample of 300 fish radio-tagged at 
Willamette Falls, 10 (3.3%) were detected upstream of Minto Dam.  Of these 10, six fish (60%) 
fell back over Minto Dam.   


 








Operation of two new adult fish collection facilities in the Santiam River Subbasins 


Cameron S. Sharpe1 
David Griffith2 


 
1Oregon Department of Fish & Wildlife Corvallis Research Lab 


cameron.sharpe@oregonstate.edu 
 


2David W. Griffith 
Portland District Corps of Engineers 


david.w.griffith@usace.army.mil 
 


 


In 2014 we monitored operations at the newly constructed Foster Dam Fish Collection Facility 
on the South Santiam River and continued monitoring of the Minto Fish Collection Facility on 
the North Santiam River.  Our objective was to aid in development and refinement of collection 
and handling protocols in support of fish culture and conservation/recovery efforts for Chinook 
salmon and steelhead trout in the subbasins. We describe the facilities, their operation, and 
compare the outcome of operation in 2014 to those outcomes in previous years, especially 
comparing metrics for collection timing, efficiency, and survivorship of fish collected. 
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Developing and delivering surrogate wild Chinook and steelhead 
 


David L. G. Noakes1,2, Cameron S. Sharpe3, Karen M. Cogliati1,4, and Carl B. Schreck4 
 


1Department of Fisheries and Wildlife 
Oregon State University 104 Nash Hall 


Corvallis, OR 97331 
 


2Oregon Hatchery Research Center 
2418 East Fall Creek Road 


Alsea, OR 97324 
 


3Oregon Department of Fish and Wildlife 
28655 Highway 34 


Corvallis, OR 97333 
 


4Oregon Cooperative Fish and Wildlife Research Unit 
Oregon State University 104 Nash Hall 


Corvallis, OR 97331 
 


Many Pacific salmon and steelhead populations are listed under the Endangered Species 
Act. As a result, studies that investigate fish passage through Upper Willamette River projects 
have relied on hatchery-origin fish.  However, differences exist between hatchery-origin and 
wild fish in terms of morphology, behavior, and physiology. These differences could confound 
estimates of dam passage efficiencies and survival. In this ongoing project, we are using 
alternative rearing strategies to produce hatchery-origin juvenile Chinook and steelhead to be 
used as wild surrogates for tagging studies that will reflect the migratory and fitness phenotypes 
of their wild counterparts. To date, we have delivered BY2010 – BY2013 juvenile Chinook 
salmon and BY2013 steelhead to researchers for evaluation of reservoir behavior and dam 
passage in the Upper Willamette River. We are currently rearing BY2013 and BY2014 juveniles 
for future tagging studies. Because of the nature of the studies requiring wild fish surrogates, our 
goal is to provide a downstream migrating juvenile phenotype during the requested timeframe 
(fall and spring migrants). When delivered, all evidence suggests that our wild fish surrogates 
were smolting; therefore their movement patterns have met the requirements of the studies. 
Previously, we evaluated the effects of temperature, rearing density, diet formulation, and 
substrate type on the development of wild fish surrogate juveniles. Our wild fish surrogates 
exhibited growth patterns and body condition consistent with project goals. We also showed that 
morphological variation is predictive of migratory phenotype and that this differentiation 
between migrants likely occurs early in life. Our current research is investigating morphological 
and behavioral differences between juveniles with different early life history experiences. 
Results of these studies will help differentiate fall and spring migrants at an early stage so that 
they can be appropriately reared based on their natural migrant life history.   
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BEHAVIOR, DISTRIBUTION, AND PASSAGE METRICS OF JUVENILE 
SALMONIDS FOR DETROIT DAM 


 
Toby Kock, John Beeman, Amy Hansen, Jamie Sprando and Hal Hansel 


 
U.S. Geological Survey, Columbia River Research Laboratory 


5501A Cook-Underwood Road, Cook, WA 98605 
tkock@usgs.gov 


 
A study plan was developed to estimate dam passage survival of juvenile Chinook 


salmon that passed Detroit Dam during periods of temperature control spill in the summer and 
fall of 2014.  Acoustic-tagged fish from the study were monitored as they moved downstream in 
the North Fork Santiam River, Santiam River, and Willamette River so the study plan also 
included secondary objectives.  The secondary objectives were to: describe passage distributions 
through the Bennett Dam complex; and to estimate the proportion of tagged fish that were 
detected on PIT-tag antennas at Sullivan Dam, near Willamette Falls (hereafter Willamette Falls 
Dam).  The study plan included releasing two groups of tagged fish.  The first group served as 
the treatment and was released near the head of Detroit Reservoir.  Treatment fish were released 
in mid-August and the group was comprised of 997 fish that had been previously tagged with a 
PIT-tag and a JSATS acoustic transmitter.  These fish were released concurrently with 9,036 fish 
that had been previously tagged with a PIT-tag.  The second group served as the control and was 
released in the tailrace of Minto Dam.  Control fish were released in mid-September and the 
release was comprised of 636 PIT/JSATS fish and 9,324 PIT-only fish. 
 


The number of treatment fish that passed Detroit Dam during the study period was low.  
We found that 57% of the treatment fish were eventually detected in the Detroit Dam forebay.  
Few tagged fish arrived in the forebay within 20 days of release and the median travel time from 
the release site to the forebay was 60.2 days.  We found that 24 (2.4%) of the treatment fish were 
detected at Big Cliff Dam and detection records between Minto Dam and Portland show that 
about 1% of the treatment fish passed Detroit Dam and migrated downstream through the 
Willamette River.  The low passage rate by treatment fish precluded estimating dam passage 
survival at Detroit Dam during 2014.   
 


Less than half of the control fish moved downstream and passed Minto Dam while the 
JSATS transmitters were operating.  A total of 242 PIT/JSATS-tagged fish from the control 
release were detected at Bennett Dam.  Many of the fish passed Bennett Dam within 10 days of 
release.  Detections of PIT/JSATS-tagged fish declined with distance downstream in the 
Willamette River.  A total of 257 tagged control fish (40.4%) were detected at Salem, 136 tagged 
control fish (21.4%) were detected at Wilsonville, and 98 tagged control fish (15.4%) were 
detected at Portland.  Detection patterns between PIT/JSATS-tagged fish and PIT-tagged fish 
were similar within the study area. 
 


We examined PIT-tag detection records that were collected at Willamette Falls Dam for 
PIT/JSATS-tagged fish that were detected at Portland to quantify the percent of fish that passed 
and were detected on PIT-tag arrays at the dam.  We found that 44 (45%) of the PIT/JSATS-
tagged fish that were detected at Portland were also detected at Willamette Falls Dam as they 
moved downstream.  The percent of a given population that is detected at Willamette Falls Dam 
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has not been empirically evaluated during previous studies so this finding may be useful for 
fishery managers in the basin.  
 


Although the JSATS transmitters are no longer functioning, we will continue to collect 
data for this study on the PIT-tag arrays located at the Bennett Dam complex and Willamette 
Falls Dam.  Based on data from previous studies, we anticipate that tagged fish from our study 
will continue to pass Willamette Falls Dam as late as July 2015.  If this occurs, additional 
insights into migration patterns and survival should be available from fish that were tagged in 
this study. 
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EVALUATION OF HABITAT AND FLOW RELATIONSHIPS FOR SPRING 
CHINOOK SALMON SPAWNING AND INCUBATION IN THE MIDDLE FORK 


WILLAMETTE AND MCKENZIE RIVERS, OREGON 


Troy Brandt1*, Peter Gruendike1, and Jarvis Caldwell2 


1River Design Group 
311 SW Jefferson Ave, Corvallis, OR, 97330  


*tbrandt@riverdesigngroup.com (541-738-2920) 
 


2HDR, Inc 
2379 Gateway Oaks, Suite 200, Sacramento, CA 95833 


jarvis.caldwell@hdrinc.com (916-679-8875) 
 


River Design Group and HDR, Inc are working with the U.S. Army Corps of Engineers, 
Portland District (CENWP) to complete an instream flow study to evaluate available spawning 
and incubation habitat for ESA listed spring Chinook salmon on three tributaries of the upper 
Willamette River.  Study reaches include approximately 3.5 miles of the Middle Fork Willamette 
River below Dexter Dam,  4.5 miles of the South Fork McKenzie River below Cougar Dam, and 
19 miles of the McKenzie River above Leaburg Dam. 


The need for the instream flow study was identified in the 2008 Biological Opinion 
(BiOp) prepared by the National Marine Fisheries Service (NMFS) on the continued operation of 
the CENWP's Willamette Valley Project (WVP). The BiOp describes target streamflows to be 
released into Willamette River tributaries below WVP dams (NMFS 2008).  Development of 
these prescribed streamflow targets was determined based on limited local information.  Results 
from the instream flow study will be used to assess how flow volume relates to the availability of 
Chinook salmon spawning and incubation habitat and allow for the comparison of results to the 
BiOp targets.  


The instream flow study was conducted in the Physical Habitat Simulation System 
(PHABSIM) framework and utilized the System for Environmental Flow Analysis (SEFA) for 
hydraulic and habitat modeling.  The PHABSIM method incorporates hydrology, stream 
morphology, and microhabitat preferences to evaluate the relationship between streamflow and 
habitat availability. Components of the PHABSIM method include a calibrated one-dimensional 
hydraulic model, Habitat Suitability Criteria (HSC) curves for Chinook salmon spawning and 
incubation life stages, and a habitat model that relates flow volume to available habitat or, Area 
Weighted Suitability (AWS). 


A total of thirty transects divided among the study reaches were evaluated at three 
different flows to determine the relationship between flow and available spawning habitat.  
Transects with known spawning activity were specifically selected to most accurately 
characterize river conditions.  Physical measurements collected at each transect included depth, 
velocity, substrate composition, and cover. Stage versus discharge relationships were developed 
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to calibrate the hydraulic model and measured velocities were used to calibrate velocity 
predictions for extrapolation of unmeasured flows.   


Final results of the habitat modeling are expected in Spring 2015 and will be used to 
assist CENWP in meeting BiOp goals and objectives.     
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Update on the Willamette Basin Sustainable Rivers Project: 
A framework for assessing geomorphic and vegetation responses to environmental flows 


and recent findings from the Middle Fork  
 


Rose Wallick  
US Geological Survey 


 
Leslie Bach  


The Nature Conservancy  
 


The Willamette Sustainable Rivers Project (SRP) is one of eight nationwide sites where 
the US Army Corps of Engineers and The Nature Conservancy (TNC) have partnered to identify 
opportunities for providing more ecologically sustainable flows while still meeting human needs 
and congressionally authorized purposes.  To date, the Willamette SRP has established year-
round flow recommendations for the Middle Fork Willamette, McKenzie, and Santiam River 
Basins.  However, evaluating success of the Willamette SRP requires monitoring and assessment 
to document which targets were achieved and evaluate hydraulic, geomorphic, and vegetation 
responses to these flows.  Over time, the flow recommendations can be adaptively refined to 
ensure that each target is realistic given the present-day geomorphic and vegetation 
characteristics of the Willamette Basin. 


This presentation will describe progress by the US Geological Survey and TNC in 2013–
2014 to monitor and assess hydraulic, geomorphic, and vegetation responses to environmental 
flows.  Specifically, we will describe (a) development of a reach-based status and trends 
monitoring framework, (b) findings from geomorphic monitoring of the Middle Fork Willamette 
River for 2005–2012, and (c) next steps for developing an adaptively managed environmental 
flow program in the Willamette Basin.  
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SIMULATING TEMPERATURE MANAGEMENT UNDER CLIMATE CHANGE AT 
DETROIT LAKE, OR 


Norman Buccola and Stewart Rounds 


USGS Oregon Water Science Center 
2130 SW 5th Ave 


Portland, OR 97201 
nbuccola@usgs.gov 


 
A previously calibrated two-dimensional hydrodynamic and water-quality model (CE-


QUAL-W2) of Detroit Lake, in western Oregon, was used in conjunction with inflows derived 
from Precipitation-Runoff Modeling System (PRMS) hydrologic models to examine in-lake and 
downstream water temperature effects under future climate conditions. Current and hypothetical 
operations and structures at Detroit Dam were imposed on boundary conditions derived from 
downscaled Global Circulation Models in base (1990-1999) and future (2059-2698) periods. 
Compared with the base period, future air temperatures were about 2°C warmer year-round. 
Higher air temperature and lower precipitation in future scenarios resulted in a 23% reduction in 
mean annual PRMS-simulated discharge and a 1°C increase in mean annual estimated stream 
temperatures flowing into the lake compared to the base period. Simulations incorporating 
current operational rules and minimum release rates at Detroit Dam to support downstream 
habitat, irrigation, and water supply during key times of year resulted in lower future lake 
elevations. Importantly, the lower future lake levels resulted in about half as many days with the 
water surface above the dam’s spillway crest compared to historical frequencies. Managing 
temperature downstream of Detroit Dam depends on being able to blend warmer water from the 
lake’s surface with cooler water from deep in the lake, and the spillway is an important release 
point near the lake’s surface. Annual average in-lake and release temperatures from Detroit Lake 
warmed 1.1 °C and 1.5 °C from base to future periods under present-day dam operational rules 
and fill schedules. Beginning the refill of the lake 30 days earlier, reducing minimum release 
rates (to keep more water in the lake so as to be able to use the spillway), and installing a floating 
surface withdrawal were actions that were tested with the model and showed potential for 
mitigating against future warming of release temperatures from Detroit Dam during the critical 
autumn spawning period for endangered salmonids. 
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RECOVERY PATTERNS OF CODED-WIRE TAGGED SPRING CHINOOK SALMON 
IN THE UPPER WILLAMETTE RIVER BASIN. 


 
David S. Hewlett, Cameron S. Sharpe 


 
Oregon Department of Fish and Wildlife 


Upper Willamette RM&E Program 
Corvallis Research Lab 


28655 Highway 34, Corvallis, Oregon 97333 
hewlett.david@gmail.com 


 
Twelve-million coded wired tagged spring Chinook salmon were released from upper 


Willamette River hatcheries for brood years 2000 through 2008. Using the Regional Mark 
Information System (RMIS) and statistical software package R we looked for patterns in smolt to 
adult returns (SARs). The goal of this project was to determine the impact of release timing on 
SARs. 
 


In our analysis we defined SAR as the number of tag code recoveries collected at the 
hatchery of origin / number of coded wire tags released with those tag codes. The four spring 
Chinook salmon hatcheries of the upper Willamette basin had median SAR values between 
0.07% and 0.28% (Figure 1). Broken down by monthly release groups, November, February, and 
March SARs were between 0.16% and 0.24%. The estimated SAR for April releases was 0.69%, 
but the sample size was small (n=3) (Figure 2). 
 


Sample sizes were too small (n<30) to report SAR values for release groups at individual 
hatcheries for broods 2000-2008. When we expanded our brood year range to include 1990 
through 1999 only three release group’s SARs were significant. These were February (0.25%) 
and March (0.21%) releases from McKenzie hatchery, and March (0.15%) releases from 
Willamette hatchery. 
 


The results from this project suggest that SARs for upper Willamette hatchery spring 
Chinook salmon are subbasin specific. These findings are informative for building hatchery 
releases that reflect mitigation goals. Similar methods could be used to estimate SARs based on 
in-river conditions at time of release, size at release, off station releases, and stray rates. 
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Figure 1: Smolt to adult return rates of coded wired tagged upper Willamette spring Chinook salmon by 


hatchery, for brood years 2000 – 2008. The numbers within the box plots are N values, and the solid 
horizontal lines are median values. 


 
Figure 2: Smolt to adult return rates of coded wired tagged upper Willamette spring Chinook salmon by 
release group, for brood years 2000 – 2008. The numbers within the box plots are N values, and the solid 


horizontal lines are median values. 
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Ecological Interactions between Hatchery Summer Steelhead and Wild Oncorhynchus 
mykiss in the Willamette River Basin, 2014 


RA Harnish1*, ED Green1, CR Vernon1, GA McMichael2 


1Ecology Group, Pacific Northwest National Laboratory 
2Mainstem Fish Research, Richland, WA 


Ryan.Harnish@pnnl.gov 


Background 


Wild winter steelhead populations have declined in the upper Willamette River basin and 
are consequently listed as “threatened” under the Endangered Species Act.  The U.S. Army 
Corps of Engineers funded the Pacific Northwest National Laboratory (PNNL) to determine 
whether releases of non-native hatchery summer steelhead into the South Santiam River (a 
tributary of the upper Willamette River) have the potential to negatively affect the river’s wild 
winter steelhead population.  The objectives of this study were to 1) estimate the proportion of 
hatchery summer steelhead that residualized in the South Santiam River in 2014, 2) determine 
the extent to which hatchery and naturally produced Oncorhynchus mykiss overlapped in space 
and time in the South Santiam River, and 3) characterize the behavioral interactions between 
hatchery-origin juvenile summer steelhead and naturally produced O. mykiss. 


 


Methods/Results 


We used a combination of radio telemetry and direct observations (i.e., snorkeling) to 
determine the potential for negative interactions between hatchery summer and wild winter 
steelhead juveniles in the South Santiam River.  Data collected from these two independent 
methods indicated that a significant portion of the hatchery summer steelhead released as smolts 
did not rapidly emigrate from the South Santiam River in 2014.  The last known location of the 
majority of radio-tagged hatchery summer steelhead (99 of 164 = 60.4%) was in the South 
Santiam River.  Thirty-three of the tagged hatchery steelhead were detected in the South Santiam 
River during mobile tracking surveys.  Of those, 21 were found to be alive over three months 
after release.  Because we did not survey the entire South Santiam River during mobile tracking 
surveys, the final fate (alive or dead) remained unknown for many of the tagged fish.  Therefore, 
the proportion we detected alive (12.8%; 21 of 164) represents the absolute minimum 
residualization rate for the population of radio-tagged hatchery steelhead juveniles.  Applying 
this percentage to the number of hatchery steelhead released from the South Santiam Hatchery 
would result in an estimated 23,616 residual hatchery summer steelhead in the South Santiam 
River.  Snorkeling revealed considerable overlap of habitat use (in space and time) by residual 
hatchery steelhead and naturally produced O. mykiss in the South Santiam River.  Results from 
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our study (and others) also indicated that hatchery steelhead juveniles typically dominate 
interactions with naturally produced O. mykiss juveniles.   


The relatively high residualization rate, combined with the overlap in space and time and the 
competitive advantage that residual hatchery steelhead appear to have over naturally produced O. 
mykiss, increases the potential for negative ecological interactions that could have population-
level effects on the wild winter steelhead population of the South Santiam River. 
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MIGRATION BEHAVIORS AND DISTRIBUTION OF ADULT SPRING CHINOOK 
SALMON RADIO-TAGGED AT WILLAMETTE FALLS IN 2011-2014 


 
Matthew Keefer1*, Michael Jepson1, Christopher C. Caudill1


, Steve Lee1, Timothy Blubaugh1, Matt Knoff1, 
and Mark Morasch1 


1Department of Fish and Wildlife Sciences 
University of Idaho, Moscow, ID, 83844-1136  


*mkeefer@uidaho.edu (406-556-0639) 
 


The primary objectives of this four-year study were to describe the migration behaviors, main 
stem migration survival, and likely spawning distribution of adult spring Chinook salmon radio-
tagged at Willamette Falls Dam.  Over the four years, 1,249 spring salmon were tagged, with annual 
samples of 150 (2011), 500 (2012), 299 (2013), and 300 (2014).  The combined samples included 
754 fin-clipped and 495 unclipped (presumed wild-origin) salmon; 477 were tagged using a fish-
restraint device and 722 were tagged using AQUI-S 20E anesthetic, including all of the salmon in 
2013 and 2014.   


 
Escapement to tributaries, (i.e., survival from Willamette Falls through the Willamette River 


main stem) varied among years and among origin groups.  In the anesthetized handling group, 
escapement estimates were: 88% (2011), 82% (2012), 79% (2013), and 89% (2014).  Estimates 
were lower for the non-anesthetized restrained salmon in 2011 and 2012.  In the anesthetized 
handling group, presumed wild-origin salmon had slightly higher escapement (84%) than hatchery-
origin fish (83%) with all years combined, but results were mixed within years.  Among-year 
differences in main stem survival estimates were associated with river environment and with some 
fish traits.  Results from multi-year survival models will be presented.  


Salmon were last detected in eleven sub-basins over the four years.  In the anesthetized group, 
the largest percentage returned to the McKenzie River, at 25% of those released, on average (annual 
range = 14-37%).  Other sub-basins with relatively high returns included the Middle Fork 
Willamette (average = 17%, range = 10-28%), South Santiam (16%, 11-19%), and North Santiam 
(13%, 5-23%).  The remaining tributary fish returned to the Clackamas (5%, on average), Molalla 
(2%), Fall Creek (2%), and the Coast Fork, Luckiamute, and Yamhill rivers (<1% each).  Fish that 
did not successfully return to tributaries were last detected at a variety of main stem sites both 
upstream and downstream from Willamette Falls.  


Tagged salmon typically spent 1-3 weeks in the main stem Willamette River after release and 
prior to tributary entry.  Transit times from Willamette Falls to tributary entry varied among years, 
and times were associated with function of river environment, with slower passage in cooler years 
with higher river flow.  As expected, fish that returned to lower tributaries (e.g., Santiam River) had 
shorter main stem transit times than those that returned to upper basin tributaries (e.g., McKenzie 
and Middle Fork).  Salmon consistently migrated most rapidly in lower main stem reaches, with 
slower ground speeds in upper reaches.  A sub-sample of the radio-tagged salmon was also tagged 
with internal temperature loggers.  Data from the recovered loggers indicated that a small number of 
salmon had thermoregulatory behaviors in the main stem Willamette River.  Almost all logger-
tagged fish encountered their warmest temperatures in the main stem and some salmon accumulated 
very high numbers of degree days (>1,200 DD per fish), which may be a useful indicator of 
increased disease susceptibility and a predictor of prespawn mortality risk.   
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Corvallis Research Lab 
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Outplanting of adult spring Chinook salmon (Oncorhynchus tshawytcha) above 
Willamette Valley Project dams is currently taking place in the Middle Fork Willamette and 
North Santiam River basins to reintroduce these fish to their historic spawning grounds.  These 
efforts have led to some natural production, but the impacts of Willamette Valley Project dams 
on the ability of juvenile salmonids to successfully outmigrate are not completely known.  To 
help evaluate the effects of the dams on downstream passage, we present results from a four-year 
paired release study involving the release of juvenile PIT-tagged Chinook above and below dams 
on the Middle Fork Willamette and North Santiam rivers.  Information gathered from PIT tag 
detections at Willamette Falls and other research projects in the Willamette and lower Columbia 
basins was used to assess differences in subsequent downstream detection, movement rate, 
timing, and growth for juvenile Chinook released above and below dams.   


We released 665,283 PIT-tagged juvenile hatchery spring Chinook salmon (median 68 
mm FL) in the Middle Fork Willamette and North Santiam rivers from 2011-2014.  Fish were 
released into the Middle Fork Willamette River at Hills Creek Reservoir (HCR), Lookout Point 
(LOP) head of reservoir (HOR), LOP forebay (FB), LOP Dam tailrace (TR), and Dexter Dam 
TR.  In the North Santiam River fish were released at Detroit HOR, Detroit FB, and Minto Dam 
TR.  Additionally, 13,104 juvenile hatchery winter steelhead were released at Detroit HOR and 
Minto Dam TR in November 2014. 


In total, 1.7% (N=7,465) of the Middle Fork Willamette and 2.7% (N=6,027) of the 
North Santiam juvenile hatchery Chinook have been detected at Willamette Falls through 16 
December 2014.  Except for 2014 Middle Fork Willamette Dexter TR and LOP TR and 2014 
North Santiam TR and FB releases, detection proportions for juvenile hatchery Chinook released 
above and below dams differed significantly (P<0.05) from expected values with greater 
detection proportions observed for below-dam releases across years and basins.  The magnitudes 
of differences were consistently greater in the Middle Fork Willamette River.  In the Middle 
Fork Willamette (excluding HCR releases), detection proportion effect sizes for below-dam 
versus above-dam release comparisons ranged from 60-94% (Figure 1).  In the North Santiam, 
detection proportion effect sizes for below-dam versus above-dam release comparisons ranged 







2 
 


from 15-39% (Figure 2).  To date, none of the hatchery steelhead have been detected at 
Willamette Falls. 


Movement rates (km/d) for below-dam released juvenile hatchery Chinook, in general, 
were significantly greater (P<0.05) than for above-dam releases of juvenile hatchery Chinook 
across years and basins.  Movement rates for the 2011 Middle Fork Willamette HOR and 2013-
2014 North Santiam FB release groups did not differ significantly from the respective TR release 
group movement rates in those years.  Excluding the HCR release group, median movement rates 
for Middle Fork Willamette releases ranged from 5.4-6.2 km/d (2011), 4.7-5.8 km/d (2012), 3.6-
6.2 km/d (2013), and 2.7-6.9 km/d (2014), while median movement rates for North Santiam 
releases ranged from 7.8-9.5 km/d (2012), 1.4-1.7 km/d (2013), and 2.2-2.5 km/d (2014) 
(Figures 3 and 4).  Dam and reservoir impacts were also evident in outmigration timing; peaks in 
Willamette Falls detections occurred later for above-dam releases as compared to below-dam 
releases across basins and years (Figures 1 and 2).     


Recapture and research-related mortality data were used to generate growth estimates 
(mm/d, FL) when length measurements were taken.  Recaptures occurred during ODFW and 
USACE projects in the release basins, while ODFW research activities, particularly projects 
incorporating gillnets, were also major contributors to mortalities of study fish.  Juvenile 
hatchery Chinook released above dams had significantly greater (P<0.05) growth rates than fish 
released below dams across years and basins, with the exception of the 2013 Middle Fork 
Willamette  HCR and LOP TR release group growth rates which did not differ significantly from 
the respective TR release group growth rates in those years.  A comparison of growth rates for 
above- and below-dam release groups was not possible for the 2013-2014 North Santiam 
releases, as none of the TR-released fish were recaptured or collected during research activities.  
Median growth rates for Middle Fork Willamette releases ranged from 0.7-0.7 mm/d (2011), 0.3-
1.0 mm/d (2012), 0.5-0.9 mm/d (2013), and 0.2-0.9 mm/d (2014) (Figure 5).  For the North 
Santiam releases, median growth rates ranged from 0.2-0.8 mm/d (2012), 0.7-0.7 mm/d (2013), 
and 0.8-0.9 mm/d (2014) (Figure 6).   


Very few of the juvenile hatchery Chinook released for this study have returned as adults, 
with 11 of the Middle Fork Willamette releases and 6 of the North Santiam releases detected in 
the adult ladder at Willamette Falls.  Three of the four adult returns from the 2011 releases were 
age-4 fish but only 0.03% of the 2011 releases have returned as adults. There have not been 
enough adult returns to detect a possible dam and reservoir effect on Chinook survival to 
adulthood, but to date HOR releases have produced more adult returns (N=10) than TR releases 
(N=7). 


We demonstrated that, regardless of basin or year, fish released above dams were 
detected less frequently at Willamette Falls, suggesting substantial mortality is related to 
reservoir and dam passage.  The difference in detection proportion effect sizes between basins 
suggests that the generalized effects of reservoir and dam passage are more substantial in the 
Middle Fork Willamette River than the North Santiam River.  With our current methodology we 
can only speculate as to the specific sources of mortality, which are likely both directly (e.g., 
dam passage mortality) and indirectly (e.g., predation) related to the dams and reservoirs.  Fish 
released above dams also exhibited slower movement to points downstream but grew faster than 
those released below the dams.  Despite study limitations such as size of released fish and release 
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timing, we expect these data to be valuable in the further evaluation of survivorship trade-offs 
between rapid-growth reservoir rearing and direct dam passage mortality, with results becoming 
more useful as adult returns increase in the coming years.   


 


Figure 1.  Cumulative detections at Willamette Falls of PIT-tagged juvenile hatchery spring Chinook 
salmon released in the Middle Fork Willamette River.  Release locations were Lookout Point (LOP) 
tailrace (TR), head of reservoir (HOR) and forebay (FB), Dexter TR, and Hills Creek Reservoir (HCR).  
Release dates in 2011 were 25 May for TR and 19 May for HOR, 25 May for all release locations in 
2012, 31 May for all release locations in 2013, and 5 June for all release locations in 2014. 
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Figure 2.  Cumulative detections at Willamette Falls of PIT-tagged juvenile hatchery spring Chinook 
salmon released into the North Santiam River.  Release locations were Detroit head of reservoir (HOR) 
and forebay (FB), and Minto tailrace (TR), and release dates were 10 August 2012, 27 June 2013, and 9 
July 2014. 
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Figure 3.  Movement rates (km/day) as determined from PIT tag detections at Willamette Falls of 
juvenile hatchery spring Chinook salmon released in the Middle Fork Willamette River at Lookout Point 
(LOP) tailrace (TR), head of reservoir (HOR) and forebay (FB), Dexter TR, and Hills Creek Reservoir 
(HCR).  Release dates in 2011 were 25 May for TR and 19 May for HOR, 25 May for all release 
locations in 2012, 31 May for all release locations in 2013, and 5 June for all release locations in 2014.  
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Figure 4.  Migration rates (km/day) as determined from PIT tag detections at Willamette Falls of juvenile 
hatchery spring Chinook salmon released in the North Santiam River at Detroit head of reservoir (HOR) 
and forebay (FB), and Minto tailrace (TR).  Release dates were 10 August 2012, 27 June 2013, and 9 July 
2014. 
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Figure 5.  Growth rates (mm/day) as determined from recaptures and research-related mortalities of PIT-
tagged juvenile hatchery spring Chinook salmon released in the Middle Fork Willamette at were Lookout 
Point (LOP) tailrace (TR), head of reservoir (HOR) and forebay (FB), Dexter TR, and Hills Creek 
Reservoir (HCR).  Release dates in 2011 were 25 May for TR and 19 May for HOR, 25 May for all 
release locations in 2012, 31 May for all release locations in 2013, and 5 June for all release locations in 
2014. 
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Figure 6.  Growth rates (mm/day) as determined from recaptures and research-related mortalities of PIT-
tagged juvenile hatchery spring Chinook salmon released in the North Santiam River at Detroit head of 
reservoir (HOR) and forebay (FB), and Minto tailrace (TR).  Release dates were 10 August 2012, 27 June 
2013, and 9 July 2014. 
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Considering genetics in salmon restoration: insights from functional markers 
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2030 SE Marine Science Drive, Newport, Oregon 97365 
melissa.evans@oregonstate.edu 


For at-risk populations, reintroductions to historical habitats are often implemented in 
conservation efforts. Establishing a demographically viable population is of primary concern 
during early stages of a reintroduction program. However, over the longer-term, population 
persistence will depend on the ability of individuals to adapt to stochastic environmental change. 
Adaptation depends on genetic variation underlying functionally-important traits i.e. traits that 
influence phenotype and the fitness of individuals. Reintroduction operations or strategies may 
inadvertently influence genetic variation exhibited by a restored population; for instance, the 
source, number, sex ratio, or relatedness of individuals used in reintroductions may alter 
founding population genetic diversity. Indeed, many studies have attributed reduced genetic 
diversity in reintroduced compared to “source” populations as a result of such “founder effects”.  


Since dam construction on Willamette River tributaries during the 1960s, spring Chinook 
salmon (Oncorhynchus tshawytscha) populations have been primarily supported using 
hatcheries. In the 1990s, the Oregon Department of Fish and Wildlife initiated reintroductions of 
Chinook salmon above Willamette basin dams with the goal of re-establishing natural spawning 
activity in historical habitats. We are currently investigating genetic diversity at genes associated 
with functionally-important traits including the timing of migration and immunity in 
reintroduced Chinook salmon.  


Our findings indicate that diversity at genes linked to the circadian rhythm mechanism 
(OtsClock1b and OmyFbxw11), candidate genes associated with migration timing, in 
reintroduced Chinook salmon from the South Santiam and South Fork McKenzie rivers are 
similar to those found in other extant North American populations. Hatchery programs 
established following dam construction and the more recent reintroduction efforts therefore 
appear to have maintained diversity at these genes. We found evidence of temporal (between run 
years) and spatial (between populations) differentiation at the three genes, though little support 
for adaptation influencing patterns of genetic differentiation. However, we observed a strong 
relationship between variation at the OmyFbxw11 gene and arrival time to the spawning grounds. 
Reintroduced salmon may therefore be capable of an evolutionary response to ecological shifts 
that alter the adaptive landscape between fitness and arrival timing to the spawning grounds.  


Analyses of major histocompatibility complex (MHC) genes involved in parasite 
recognition and the initiation of the immune response are ongoing and some preliminary results 
will be discussed. 
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MIGRATION BEHAVIOR AND DISTRIBUTION OF ADULT WINTER AND SUMMER 
STEELHEAD RADIO-TAGGED AT WILLAMETTE FALLS AND OF ‘RECYCLED’ 
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Our objectives in this three-year (2012-2014) study were to describe the pre- and post-spawn 


migration behaviors and spawning distributions of winter and summer steelhead collected and 
radio-tagged at Willamette Falls Dam or radio-tagged after collection at upstream sites and 
‘recycled’ downstream for angler opportunity. 
 
Winter Steelhead 


 
We collected and radio-tagged 184, 170, and 212 winter steelhead (i.e., intact adipose fin) at 


Willamette Falls during the 2012, 2013, and 2014 run years, respectively.  The samples were 2.4-
4.0% of the winter steelhead counted at the project from 1 November through 31 May.  We 
inferred spawning distribution from the maximum upstream detections for each adult if the 
detections occurred during plausible spawning periods.  Annual escapement rates to tributaries 
ranged from 82-84%.  Across years, the tributaries with the highest mean percentages of tagged 
winter steelhead were the North and South Santiam rivers (~20% each), the Molalla River (15%) 
and the Middle Fork of the Willamette River (10%).  Another 3-4% migrated to the Clackamas, 
Tualatin, Yamhill, and Calapooia rivers, on average.  Means of ≤ 2%migrated to the McKenzie 
River, Fall Creek, Rickreall Creek, the Coast Fork, and the lower Santiam River.  A mean of 
11% of the tagged annual samples migrated no further upstream than Willamette Falls Dam and 
6% had maximum river kilometers in the main stem indicating potential mortalities.  We 
observed substantial downstream movements by tagged winter steelhead in late winter and 
spring, likely representing post-spawning outmigration events (i.e., kelting).  Annual kelting 
rates ranged from 47-51% based on all tagged fish and from 57-61% based on only those 
steelhead that were detected inside tributaries.  Annual kelting rates varied widely among 
populations and across years within population.    


 
Summer steelhead 


We radio-tagged 195, 250, and 196 summer steelhead (i.e., clipped adipose fin) in 2012, 
2013, and 2014, respectively, which ranged from 0.8-2.4% of the annual summer steelhead 
counts at Willamette Falls.  Annual escapement rates to tributaries were 75% in 2012 (fish were 
restrained, not anesthetized), 80% in 2013 (anesthetized), and 90% in 2014 (anesthetized).  
Across years, the tributaries with the highest mean percentages of tagged summer steelhead were 
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the South Santiam River (31%), Middle Fork Willamette River (18%), McKenzie River (16%), 
and North Santiam River (10%).  On average, <2% migrated to the Clackamas River, the Molalla 
River, the lower Santiam River, the Coast Fork, and Fall Creek.  A mean of 9% was last detected 
in the upper main stem Willamette and 5% was last detected in the lower main stem above 
Willamette Falls; 4% was last detected downstream from Willamette Falls Dam.  Based on the 
criteria of: 1) tributary entry in summer/fall and 2) substantial downstream movements on or 
after 1 March the ensuing year, 2.5% (2012) and 1.2% (2013) of the summer steelhead exhibited 
kelt behavior. 


 
There was evidence that some tributary spawning habitats were used by both winter and 


summer steelhead.  Last detection locations of summer steelhead tagged in 2012 and 2013 
spatially overlapped the maximum river kilometers for winter steelhead tagged in 2013 and 2014 
in the South and North Santiam rivers and in the Middle Fork Willamette River.   


 
Recycled summer steelhead at Foster and Dexter dams  


At Foster Dam, we radio-tagged 95 (2012), 100 (2013), and 100 (2014) summer steelhead 
and released most at Waterloo County Park (~23 rkm downstream from Foster Dam) or at the 
Pleasant Valley Boat ramp (~6.2 rkm downstream from Foster Dam). In addition, some fish were 
released near the mouth of Wiley Creek (<1 rkm downstream from Foster Dam) in 2013 and 
directly into the Foster Dam tailrace in 2014.   


 
At Dexter Dam, we radio-tagged 49-50 summer steelhead in all the three years and released 


them directly into the Dexter Dam tailrace. Tagging dates were on 25 July and 8 August in 2012; 
on four days from17 July through 13 August in 2013; and on four days from 18 June through 16 
July in 2014.  
 


Fates of recycled summer steelhead varied by year and release location.  In all years, at least 
a third of the radio-tagged fish released downstream from Foster Dam were last detected on a 
fixed-site receiver or mobile tracked in the South Santiam River.  Another 23-42% returned to 
Foster Dam, where they were either ponded for broodstock or surplussed by ODFW each year. 
Annual reported recreational angler harvest of the Foster-tagged fish released downstream 
ranged from 4-14%. Additionally, reported angler harvest was higher for fish released closer to 
Foster Dam in 2013 and 2014. The portion of fish that left the South Santiam River was small 
each year, with a maximum of 15 (16%) fish in 2012 detected outside the South Santiam.  
During all years, most fish that left the South Santiam were last detected in either the main stem 
Santiam or in the lower Willamette River.  However, two fish released downstream from Foster 
Dam were last detected in the Mary’s River and in Wiley Creek.  
 


In all years, at least 39% of summer steelhead released downstream from Dexter Dam were 
last detected on a fixed-site receiver or mobile tracked in the Middle Fork Willamette River. 
Only one fish, in 2012, was re-collected by ODFW personnel at Dexter Dam. Reported angler 
harvest of Dexter-tagged steelhead was 16 in 2012, 14% in 2013, and 24% in 2014. 
Proportionately more steelhead left the Middle Fork than the South Santiam: last detections were 
outside the Middle Fork for 16 (33%) fish in 2012, 15 (30%) fish in 2013, and 8 (16%) fish in 
2014.  The majority in all years moved to the Willamette River main stem.  
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Viable salmonid population (VSP) models provide a framework for investigating how 
specific management actions have population-level impacts. Stage-specific life cycle models 
provide outputs that are rolled up into VSP scores to rank alternative actions. We have developed 
life cycle models to evaluate a range of operational and structural actions at dams to improve 
survival, productivity, and diversity of spring Chinook salmon in the McKenzie, North and South 
Santiam, and Middle Fork rivers. We have completed models for 4 spring Chinook and 2 
steelhead populations, and we will present results for these populations.  In addition, we will 
discuss: the results of an expert opinion process to estimate parameters controlling survival and 
life-history diversity in reservoirs; a new approach to translate model output into VSP scores for 
abundance and productivity; responses to the ISAB review, including the development of new 
calibration routines to more rigorously use available data; and a new project to use habitat 
assessments to estimate juvenile capacity above and below dams. 
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MIGRATION TIMING AND SIZE OF JUVENILE SALMONIDS ABOVE AND BELOW 
WILLAMETTE VALLEY PROJECT DAMS 
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 All data used in this presentation are preliminary. The primary objectives of our project 
were to evaluate the migration timing for juvenile salmonids and the size at which they entered 
and exited Detroit, Foster, Lookout Point, and Cougar reservoirs.  Similar to previous years, data 
collected from our screw trapping efforts showed that a vast majority (>82% of annual catch) of 
juvenile Chinook salmon (Oncorhynchus tshawytscha) enter the reservoirs in spring as fry (<60 
mm fork length), at a mean size of 35 mm FL. In instances where screw trap efficiencies were 
sufficient, we estimated the number of juvenile salmonids entering reservoirs. Specifically, in the 
South Fork McKenzie River upstream of Cougar Reservoir we captured 11,402 subyearling 
spring Chinook salmon and 6 yearlings in 2014.  The estimated number of subyearlings that 
passed the trap in 2014 was 413,515 (95% CI ±56,164).  
 
 Screw trap collections allow us to track changes in emergence, growth, and migration 
timing among sub-basins on an annual basis. In summarizing these data we found similarities 
and differences between and among sub-basins. Emergence timing for salmonids in the Middle 
Fork Willamette and South Santiam rivers were similar, but earlier than emergence timing in the 
North Santiam River and South Fork McKenzie River. However, there was a great deal of 
variation in brood year strength of spring Chinook salmon in the South Fork McKenzie River, 
and in age and migration timing into the reservoir for winter steelhead (Oncorhynchus mykiss) in 
the South Santiam River (Figure 1).  
 
 Continued collection of screw trapping information enables us to make meaningful 
comparisons among years and could provide critical information about salmonid survival 
through projects. For example, we used the above and below dam migrant estimates from 2013 
(2012 brood year) to estimate that ~17% (11.4 – 24.8%) of the Chinook salmon that entered 
Cougar Reservoir survived to below Cougar Dam.  Long-term datasets from the South Fork 
McKenzie River may help determine how many transported adult Chinook are needed to reach 
carrying capacity for the available spawning habitat.  To explore this relationship, we plotted the 
migrant estimates against the number of transported female Chinook that produced those 
migrants.  A logarithmic regression line fitted to the plot suggested that carrying capacity has not 
been reached (Figure 2).  However, there is currently only one year where >500 females were 
transported upstream of the dam; more data are needed to parameterize the fit of the curve for 
this region of the graph.  
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Figure 1.  Migration timing of juvenile steelhead from the South Santiam River above Foster 
Reservoir (2012-2014).  Total weekly catch was not expanded for trap efficiencies and includes 
multiple age-classes.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2. Yearly Chinook subyearling migrant estimates for the South Fork McKenzie River 
plotted against the number of females transported upstream of the dam for the corresponding 
brood year (2009-2013). The regression line is included for graphical representation only and does 
not allude to the actual maximum number of females appropriate for the available spawning 
habitat at any specific point. 
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Oregon Department of Fish and Wildlife's Willamette Chinook Salmon (OWCS) Database, 
Beta Version. 
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Statistical modeling is an essential tool for predicting the responses of populations of 
spring Chinook salmon in the Willamette River Basin to dam operations, fish passage, and 
fisheries.  Responses by Chinook salmon can include changes in their abundance, age structure, 
life history diversity, and habitat use.  Empirical data collected by rigorous methods over time 
and space is essential to improve understanding of previous responses by these fish to their 
environment and to improve forecasts for future responses.  Such data have been, and are being 
collected by the Oregon Department of Fish and Wildlife.  These data can inform and populate 
statistical models, which can be used to test hypotheses with predictor variables such as climate 
characteristics, dam operations and flow regimes to generate estimates of escapement numbers, 
smolt-to-adult ratios, and age compositions for Chinook salmon.  To set the stage for such multi-
year analyses, we have constructed and populated the Oregon Department of Fish and Wildlife’s 
Willamette Chinook Salmon (OWCS) Database, Beta Version.  This relational database (81.6 
MB) includes data collected on spawning ground surveys such as redds and carcasses, and 
biological and analytical data from fish carcasses such as sex, length, spawning success, and age.  
The database incorporates data collected by dozens of field staff during 2000 – 2013, across 
hundreds of kilometers of multiple subbasins, and thousands of fish in nearly 15,000 data 
records.  Oregon Department of Fish and Wildlife biologists are currently using the database to 
assist with ongoing analyses on spawning distribution, hatchery-wild composition of 
populations, contribution of life history diversity, and other aspects to better understand 
Willamette Chinook populations over their entire life cycle.  


   


 


 


 








Life history pathways of wild spring Chinook salmon from the McKenzie basin 


Luke Whitman, Kirk Schroeder, Brian Cannon, and Ben Clemens 
Oregon Department of Fish and Wildlife 


Corvallis Research Lab 
 


Spring Chinook salmon from the Willamette basin follow different life history pathways 
as they migrate to the Columbia River estuary as smolts. We have quantified the variation seen 
in migration patterns of naturally produced juveniles from the McKenzie River. The two primary 
life history types are those juveniles that migrate to the estuary as subyearlings and those that 
migrate as yearlings, although migration timing and growth can vary within these two pathways. 
Analysis of adult scales shows variation among brood years in the proportions of fish that 
followed the subyearing or yearling pathways. 


Recently emerged fry were sampled with seines throughout the McKenzie basin, in the 
spawning areas and in the lower river. Juvenile salmon were caught with seines or at the trap on 
the Leaburg bypass and implanted with PIT tags. Tagged individuals were recaptured through 
continued sampling, which provided data on individual growth. PIT antennae at Leaburg and 
Willamette Falls detected juvenile fish as they migrated. The catch of fry was used to estimate 
the proportion that migrated out of the spawning area soon after emergence. We estimated the 
proportion of each group of juveniles that follow a given life history pathway based on the 
number of tagged fish recaptured or detected. 


Scales were sampled from adult carcasses on the spawning grounds in the upper 
McKenzie basin. These scales were read to determine if the fish entered saltwater before or after 
the first annulus, so they could be assigned as subyearling (age-0) or yearling (age-1) migrants. 
After an entire brood year had returned as adults to spawn, we estimated the proportion of 
subyearling and yearling migrants for each brood year. Most fish from the McKenzie migrated to 
saltwater as yearlings, although the proportion of the two migrant types varied among brood 
years.  
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SEASONAL DISTRIBUTION PATTERNS OF SUBYEARLING CHINOOK SALMON 
IN WVP RESERVOIRS 


Fred R. Monzyk, Jeremy D. Romer 
 


Oregon Department of Fish and Wildlife 
28655 Hwy 34, Corvallis, OR 97333 


fred.monzyk@oregonstate.edu 
jeremy.romer2@oregonstate.edu 


 
 We assessed the longitudinal distribution (head-of-reservoir to dam) of subyearling 
Chinook salmon in reservoirs during spring, summer and fall of 2014.  In the spring we sampled 
small subyearling ‘fry’ in Foster, Cougar, and Lookout Point reservoirs with box traps and 
Oneida Lake traps set throughout the nearshore habitat of the reservoirs.  In summer (July-
August) and fall (October-November) we sampled parr distribution with gill nets set in five areas 
of Lookout Point Reservoir.  Subyearling Chinook salmon demonstrated seasonal shifts in their 
longitudinal distribution.  In the spring, small subyearling ‘fry’ in all reservoirs were more 
abundant in the upper end of reservoirs where natal stream enter.  We also demonstrated that 
small subyearlings dispersed farther into Cougar Reservoir each consecutive month from April-
June (Figure 1).  In summer, both natural and hatchery parr had a bimodal distribution in 
Lookout Point Reservoir with abundance greater in the forebay and in the upper reservoir 
(Figure 2).  Hatchery fish were released in the Lookout Point forebay and head-of-reservoir in 
June.  During summer sampling, 23% of hatchery parr collected in the upper reservoir were from 
the forebay release group and 38% of hatchery parr collected in the forebay were from the head-
of-reservoir release group, suggesting some fish traversed the length of the reservoir.  The 
distribution observed in summer would be expected if parr regularly traverse the length of the 
reservoir but mill for a period of time when they reach a barrier (the dam at one end and 
shallow/warm water at the other).  In the fall, most parr in Lookout Point were captured in the 
forebay with very few remaining in the upper reservoir, similar to our 2013 observations (Figure 
3).  The fall distribution pattern would be consistent with known behavior of spring Chinook 
salmon in unimpounded river systems that move from upper rearing areas to overwinter 
downstream.  The distribution in the fall occurred prior to any increase in outflow discharge 
through the dam.   The greater distribution of fish in the forebay in the fall also coincides with 
peak passage timing we observed through most WVP project dams.        
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Figure 1.  Monthly cumulative proportions of subyearling Chinook salmon catch in nearshore 
floating box traps and small Oneida Lake traps in relation to percent of shoreline distance to 
Cougar Dam, 2014.  Dotted line represents the cumulative proportion of a theoretical population 
that is evenly distributed throughout the reservoir. 


 







3 
 


Natural


A1 A2 A3 A4 A5


0


5


10


15


20


25


30


Hatchery


Reservoir area
A1 A2 A3 A4 A5


C
hi


no
ok


0


5


10


15


20


25


30


z                  y                 y                  y                 z 


z                  y                 zy                 y                zy


 


Figure 2.  Number of natural- and hatchery-origin Chinook parr caught during the summer in five 
areas of Lookout Point Reservoir, 2014.  Solid lines denote medians, red dashed lines denote means, 
the box represents 25th-75th percentiles, whiskers are the 10th -90th percentile and circles are outliers.  
Areas sharing the same letter are not significantly different by Dunn’s multiple comparison test 
(P>0.05).  







4 
 


 


Reservoir area


A1 A2 A3 A4 A5


C
hi


no
ok


0


5


10


15


20


z zy yx yx x


 


Figure 3.  Number of Chinook parr (hatchery and natural combined) caught during the fall in five 
areas of Lookout Point Reservoir, 2014.  Solid lines denote medians, red dashed lines denote means, 
the box represents 25th-75th percentiles, whiskers are the 10th -90th percentile and circles are outliers.  
Areas sharing the same letter are not significantly different by Dunn’s multiple comparison test 
(P>0.05).  


 


 








Portable Floating Fish Collector: engineering, construction, and filling data gaps 
 


Sean Askelson 
US Army Corps of Engineers 


Portland District 
333 SW 1st Avenue 


Portland, Oregon, 97204 
Sean.K.Askelson@USACE.ARMY.MIL 


 
In support of the Downstream Fish Passage Alternative Study at Cougar Dam, the U.S. Army 
Corps of Engineers determined that significant data gaps existed that would require a research 
vessel to test surface collection in the Cougar Reservoir in order to inform the downstream 
passage design.   
 
A Portable Floating Fish Collector (PFFC) was designed, constructed, and installed targeting the 
2014 juvenile salmon outmigration.  This presentation will highlight the design intent of the 
PFFC as well as the challenges faced due to compressed schedules, unexpected conditions in the 
field, and adverse weather.  We will discuss how each of these factors impacted the performance 
of the PFFC and steps we are taking to remedy the situation. 
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TRENDS IN PARASITIC COPEPOD INFECTION AMONG JUVENILE SALMONIDS 
IN WVP RESERVOIRS 


Fred R. Monzyk, Jeremy D. Romer 


Oregon Department of Fish and Wildlife 
28655 Hwy 34, Corvallis, OR 97333 


fred.monzyk@oregonstate.edu 
jeremy.romer2@oregonstate.edu 


 
Reservoir rearing confers both positive (e.g., increased growth) and negative (e.g., 


passage mortality, increased predation risks/parasitic copepod infection) attributes to juvenile 
Chinook salmon.  We assessed the infection level of reservoir-rearing juvenile salmonids by the 
ectoparasitic copepod Salmincola californiensis each month from 2012-2014.  Infection levels 
were significantly greater for salmonids in reservoirs compared to streams (Figure 1), and within 
reservoirs juvenile Chinook had a greater vulnerability to infection than kokanee, cutthroat and 
rainbow trout.  Copepod attachment within the branchial cavity was more common in reservoir 
fish than stream fish, where attachment was more common on fin bases.  Subyearling Chinook 
infection prevalence (proportion infected) increased each month, ranging from 75% to 99% by 
the fall among reservoir populations. Intensity also increased with time for both subyearlings and 
yearling Chinook salmon (Figure 2).  Consistent trends in infection levels were evident among 
reservoirs for the years we conducted assessments (Figure 3).  Infection prevalence and intensity 
was consistently greater for subyearlings in Fall Creek Reservoir and consistently lower in 
Lookout Point Reservoir.  For the two years data were available for Fall Creek subyearlings, 16-
20% of the fall migrants had > 20 copepods attached within the brachial cavity, a level that the 
literature suggests would cause mortality during saltwater transition.  It appears copepods are 
able to ‘reseed’ the reservoir after winter drawdowns flush out most of the reservoir water and 
fish.  A plausible hypothesis is that adult steelhead and Chinook transported above reservoirs act 
as vectors to ‘reseed’ the reservoirs with copepods and the difference in infection levels between 
reservoirs is related to the release location of adults.  In Fall Creek, both steelhead and Chinook 
are released in or near the head of the reservoir, whereas in Lookout Point, Chinook adults are 
released >30 km upstream of the reservoir.  Given the life-history of the copepod, copepodids are 
unlikely to survive drift into Lookout Point Reservoir but would in Fall Creek. The potential for 
prophylactic treatment of infected adults prior to transporting above dams is discussed.   
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Figure 1. Copepod infection prevalence for age-0 Chinook Salmon in reservoirs and streams, 2012-
2013.  Open symbols are reservoirs and closed symbol are rivers upstream of reservoirs.  
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Figure 2.  Number of copepods attached to age-0 Chinook Salmon rearing in Lookout Point, Detroit, 
Cougar, and Fall Creek reservoirs (combined) by month, 2012-2013.  The horizontal line denotes the 
median; the box represents 25th and 75th percentiles; whiskers are 10th and 90th percentiles, and the solid 
circles are outliers. 
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Figure 3.  Copepod infection intensity and prevalence of age-0 Chinook Salmon rearing in four 
reservoirs during fall 2012-2014.   
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Season 1: The Portable Floating Fish Collector samples Cougar Reservoir 


Todd M. Pierce 


U.S. Army Corps of Engineers 
Aquatic Stewardship- Willamette Valley Project 


 
The Portable Floating Fish Collector (PFFC) is located on Cougar reservoir in Lane 


County, Oregon. It was commissioned in May 2014 and was operated until December 2014. The 
PFFC is being utilized to gain and collect information on juvenile salmonid movements near the 
intake tower at Cougar Dam.  Although it is a much smaller version of typical Pacific Northwest 
fish collectors, it offers a cost effective means for research, monitoring, and evaluation purposes. 
In addition, it will provide and lead future important management decisions to fulfill obligations 
under the Willamette BiOp for downstream passage at Cougar Dam. 


 
Official operations at the PFFC began on May 27, 2014. A block design study was 


initiated by the United States Geological Survey to assess variations in salmonid catch and 
behavior by adjusting weekly inflow settings on the vessel. Other collected information focuses 
on the behavior of juvenile salmonids in close proximity to the PFFC, water surface temperature 
at the trap, and fish collection efficiency.  


The PFFC’s inflow was adjusted weekly to a low and high setting, 50 and 100 cubic feet 
per second, respectively. The traps presumed optimal distance from the temperature tower was 
originally 50 feet. Due to constraints in the mooring system, the distance could not be achieved 
and therefore 150 feet was found to be the closest possible location.  


The first season catch data suggests that the PFFC is successful at entraining and 
subsequently catching fry size spring Chinook salmon in the spring. However, it seems to 
struggle at catching larger subyearling juveniles late in the season that have stronger swimming 
abilities. Passive integrated transponder data shows fish entering the trap, getting detected, but 
quickly rejecting the ramped weir that is being utilized to decrease bypass flow into the hopper. 
Catch rates also correlate strongly with the seasonal stratification effect in the reservoir when the 
thermocline drops well below the entrance of the PFFC, 8 feet or lower. Moreover, fish catch 
was relatively low during the fall/winter migration at a time when juveniles are smolting and are 
typically leaving Willamette Valley Project dams in high numbers. 
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IS JUVENILE MIGRATION PHENOTYPE ESTABLISHED BY RECENT STIMULI OR 
MUCH EARLIER IN LIFE AND CAN THEY BE AFFECTED BY HATCHERY 


PRACTICES? 
 
Noakes, D.L.G., Billman, E.J. Unrein, J., Chitwood, R., Whitman, L.D., Schroeder, R.K., Sharpe, C.S., 
Kimmel, C., McGibben, N.,  Brignon, B., Munakata, A., and Schreck, Carl B. 
 


USGS, Oregon Cooperative Fish and Wildlife Research Unit, 
Department of Fisheries and Wildlife, 


Oregon State University , 
ODFW, OHRC, USFWS, 


and Sendai University. 
 


Juvenile Chinook salmon Oncorhynchus tshawytscha in the Upper Willamette River, 
Oregon, USA display considerable variation in downstream-movement life history tactics.  Fish 
reared in circular tanks self-sort into surface- and bottom-oriented groups starting just after per 
os feeding begins.  Morphometric analysis suggests that the surface phenotype is similar in shape 
to wild fall migrants and parr from downstream sites. The benthic phenotype fish are similar to 
wild spring migrants and fish collected concurrently up-river.  Bone structure analysis of the 
head suggests that these differences rest with the jaw.  Plasma sodium, gill Na/K ATPase and 
boldness analyses also revealed early effects of rearing conditions.  Behavioral tests found that 
minute (<0.5 oC) temperature decrease results in downstream movement by various species of 
anadromous salmonids.  Similar downstream movement was displayed by surface-oriented 
laboratory Chinook in the fall (concurrent with timing of the fall outmigration of wild Chinook; 
bottom-oriented Chinook had significantly less movement at this time.    We suggest that 
downstream movement of juveniles soon after emergence is associated with differentiation in the 
expression of life history variation.  This contention is also supported by movement studies in 
large artificial streams and in a small tributary stream.  Structure in rearing tanks also affects 
performance and brain size.  Fish reared with some simple structure had significantly larger 
brains, were more bold, and were better predators, than fish reared in typical hatchery troughs. 
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EVALUATION OF THE COUGAR DAM PORTABLE FLOATING FISH COLLECTOR 
BASED ON ACOUSTIC-TAGGED JUVENILE CHINOOK SALMON 


John W. Beeman, Noah S. Adams, Scott D. Evans, Philip V. Haner, Hal C. Hansel, Amy C. Hansen, 
Gabriel S. Hansen, Tyson W. Hatton, Pete E. Kofoot, Matthew D. Sholtis, Collin D. Smith, Jamie M. 


Sprando, and Nicholas M. Swyers 


U.S. Geological Survey, Columbia River Research Laboratory 
5501-A Cook Underwood Road, Cook, WA 98605 


jbeeman@usgs.gov 
 


The fish collection performance of the Portable Floating Fish Collector (PFFC) at Cougar 
Dam was studied using tagged juvenile Chinook salmon from May 2014 to January 2015.  The 
study animals included yearling-sized fish implanted with acoustic transmitters and full-duplex 
PIT tags (N = 435 total released in April, May, and June) and yearling-size fish implanted with 
only full-duplex PIT tags (N = 496 released in June; N = 1,010 released in October).  Presence 
and positions of tagged fish were determined using several hydrophones in the reservoir proper, 
a large series of hydrophones in the cul-de-sac, a PIT tag antenna within the PFFC, the trap 
hopper, and any tag detections downstream from the dam.   


Few tagged fish were detected within the PFFC.  Four fish tagged as part of this study 
were detected by the PIT antenna within the PFFC and one of them was collected in the trap 
hopper.  The detection probability of the PIT antenna within the PFFC, assessed using floating 
drogues and automated signals, was over 90 percent.  These sparse data indicate both low 
collection efficiency and an ability of fish to reject the trap after entering, results consistent with 
those from concurrent studies.  A low number of tagged fish passed the dam via the temperature 
control tower during the same period.   


The low capture rate of the PFFC was likely due to inadequate PFFC inflow velocities 
and poor location.  Incoming water velocities were low due to the unexpectedly deep floating 
depth of the PFFC and associated change in the volume of water sampled.  The PFFC location 
was a compromise between desired and achievable locations due to conditions during the 
installation of anchors.  Actions are underway by the US Army Corps of Engineers to address 
both issues prior to PFFC operation in 2015.   


Given the low capture rate, analyses are focused on determining locations and behaviors 
of the acoustic-tagged fish near the entrance to the PFFC and in the in cul-de-sac area of the 
reservoir.  The goal of these analyses is to describe behaviors of fish near the PFFC entrance and 
help inform decisions about where the PFFC should be placed prior to resuming operation.  Fish 
densities in the monitored area are being summarized from position data using the Dynamic 
Brownian Bridge Movement model to calculate probabilities of fish presence (Utilization 
Densities; UDs) and their behaviors near the PFFC entrance are additionally described using 
circular statistics.  Results to date indicate the UDs near the PFFC fishing depth were often low 
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near the PFFC entrance and high between the PFFC and temperature control tower and fish 
movements near the PFFC were rarely directed towards the entrance.   
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TOWARD RECONSTRUCTING LIFE HISTORY VARIATION, COMPOSITION AND 
FITNESS DIFFERENCES AMONG SUBBASIN POPULATIONS OF UWR CHINOOK 


SALMON 
 


Matthew L. Keefer1, Samuel L. Bourret1, Christopher C. Caudill1*
, Brian P. Kennedy1, Greg A. Taylor3, 


Benjamin J. Clemens2, and Cameron S. Sharpe2 


1Department of Fish and Wildlife Sciences 
University of Idaho, Moscow, ID 83844-1136  


*caudill@uidaho.edu (208-885-7614) 
 


1ODFW Corvallis Research Lab 
Corvallis, OR 97333 


 
            Life history variation contributes to population production, stability and resilence and 
maintaining this variation is a key element of recovery planning.  We have been investigating 
several elements of life history variation in spring Chinook salmon in several Willamette River 
tributaries.  We have used a combination of scale analysis, otolith microchemistry and 
microstructure, and screw trap data to simulatenously evaluate life history reconstruction 
methods and  document variation in outmigration timing, juvenile rearing habitats, juvenile 
growth rates, and how life history variation contributes to adult returns.  
 
            In some locations, juvenile Chinook salmon can be reasonably classified into discrete life 
history ‘types’ (e.g., subyearling/ocean-type; yearling/stream-type).  However, when viewed 
range-wide, Chinook salmon demonstrate considerable variation in outmigration timing and 
rearing habitat use that include a spectrum of timing and habitat use.  We have compiled and 
summarized reported variation in life history from the literature and suggest that life history 
‘pathways’ described by the timing of transitions among habitats during juvenile rearing and 
outmigration provide a useful conceptual framework for both identifying life history types and 
for generating hypotheses about the selective pressures that generate and maintain life history 
pathways.   
 
            Life history traits of Willamette River spring Chinook salmon have been collected and 
archived in ODFW’s scale archive, by ODFW collection of otoliths from adult salmon, and from 
recent scale and otolith collection by UI.  In previous years, three primary spring Chinook 
salmon life history types have been recognized from scales: subyearlings, yearlings, and a 
“Pattern X” life history exhibiting high freshwater growth rates and evidence of winter 
outmigration near the end of the first year of life.  Our previous work and that of others has 
indicated that many Pattern X Chinook salmon rear and grow at high rates in reservoirs with 
relatively limited rearing in the lower main stem Columbia River or Columbia River Estuary.  
Currently, some uncertainty remains about the contribution of rearing in the lower main stem 
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Willamette to the Pattern X life history. In general, these data suggest a broad continuum of 
rearing locations and outmigration timing across spring Chinook types within the Willamette 
Valley Project (WVP).  Identifying both rearing location and migration timing is challenging 
with either scale data or otolith data alone, but the combination has provided new insights into 
life history variation in the Willamette. To what degree the life history pathways evident in the 
WVP are adaptive remains unknown, but screw trap data suggest that the Pattern X pathway 
results – at least in part – from seasonally-blocked downstream passage at high-head dams (i.e., 
‘reservoir entrapment’).  
 
           The ODFW scale archive and future scale analysis represent a potentially valuable way to 
quantify changes in life history composition within and among WVP populations.  We are 
performing QA/QC testing to ensure that historical and contemporary life history classifications 
are consistent using several approaches.  Preliminary, unvalidated summaries of life histories 
suggest life history composition differs within and among sub-basins through time.  We are 
using these data to develop a modeling framework to estimate the relative contribution of life 
history pathways to adult escapement by sub-basin, identify plausible differences in the relative 
smolt-to-adult returns (SAR) among juvenile life history pathways, and to identify critical 
monitoring gaps for future estimation of fitness.  Such data will be necessary to evaluate the 
effectiveness of BiOp implemenation because the fitness of life history pathways will likely be 
altered and thereby influence overall population growth rate. 
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EVALUATION OF THE COUGAR DAM PORTABLE FLOATING FISH COLLECTOR 
BASED ON ACOUSTIC CAMERAS, 2014 


Noah S. Adams, Collin D. Smith, Gabriel S. Hansen, John M. Plumb, Philip V. Haner, Scott D. Evans 
Jamie M. Sprando, and John W. Beeman 


U.S. Geological Survey, Columbia River Research Laboratory 
5501 A Cook-Underwood Road, Cook, WA 98605 


nadams@usgs.gov 
 


A Portable Floating Fish Collector (PFFC) was tested in 2014 as a fish passage 
alternative in the forebay of Cougar Dam. As part of the evaluation, two treatments were tested 
where the attraction pumps for the PFFC were operated at 85% of maximum flow (High 
treatment) and 50% (Low treatment).  Fish collection performance was evaluated using PIT-
tagged fish, JSATS tagged fish, and acoustic cameras.  In this study, we deployed an acoustic 
camera immediately upstream of the entrance and one inside the entrance of the PFFC.  The 
Dual-Frequency Identification Sonar (DIDSON 300), operating at 1.8 mHz with a 29º beam and 
15 m range, was primarily used to monitor fish movement at the entrance of the PFFC and was 
aimed looking across the opening for most of the study period.  The Adaptive Resolution 
Imaging Sonar (ARIS 3000) operating at 3.0 mHz with at 30º beam and a 5 m range, was used to 
monitor fish movement inside the PFFC and was aimed looking into the collector for a portion of 
the study and looking outward for a portion of the study. 


Data were collected with both cameras beginning May 30 and ending on December 02, 
2014. We collected approximately 7,500 hours of data during this study.  One of the challenges 
of using acoustic cameras to evaluate fish movements is processing the tremendous amount of 
data in a timely manner and summarizing it in a meaningful way.  In 2013 we developed a semi-
automated method for processing and analyzing the data.  To our knowledge, USGS is the only 
agency that has developed this process for data collected on smolt-sized fish.  Our methods allow 
us to summarize a larger proportion of the raw data than has previously been feasible using 
traditional manual processing methods.  Processing more of the raw data enables us to more 
reliably quantify the number of fish present and to characterize their behaviors and movements 
over daily and seasonal changes in temperature, flow, dam operations, and PFFC treatments.   


Analysis of the acoustic camera data using circular statistics showed that fish were 
present immediately upstream of the PFFC and were moving primarily across the face of the 
entrance, not into the entrance. This result comports with the density plots produced from data 
collected from JSATS tagged fish.  The acoustic camera did detect fish inside the PFFC.  
However, fish appeared to enter the PFFC and then turn around and exit before they could be 
captured in the weir box at the back of the collector.  The location where fish turned around 
differed under the High and Low treatments and appeared to be correlated with the hydraulic 
conditions inside the PFFC.  Under the High treatment, Acoustic Doppler Velocimeter (ADV) 
data revealed a hydraulic jump about a third of the way inside the PFFC.  Acoustic cameras data 
showed that this is about where a large portion of the fish turned around after entering the PFFC.  
Under the Low treatment there did not appear to be a significant hydraulic jump based on the 
ADV data, but the velocities were generally lower through the PFFC.  Under this treatment, the 
acoustic camera data showed that fish entered but turned around about two-thirds of the way into 
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the PFFC.  It is not clear why fish turned around, but it is plausible that fish sensed the change in 
velocity as water entered the weir box and they turned and exited the PFFC. Additionally, 
numerous predator-sized fish were observed residing near the face of the entrance, and 
subsequently deterring smolts from approaching the entrance of the PFFC. 
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Genetic evaluation of the spring Chinook salmon reintroduction program above Cougar 
Dam from 2007-2014: Assessment of genetic diversity and searching for adfluvial Chinook 


 
Nicholas M. Sard1, Dave P. Jacobson1, Michael J. Hogansen2, Kathleen G. O’Malley1, Marc A. Johnson2, 


Michael A. Banks1 


1 Oregon State University, Department of Fisheries and Wildlife, Coastal Oregon Marine Experiment 
Station, Hatfield Marine Science Center 


2030 SE Marine Science Drive 
Newport, Oregon 97365 


 
2 The Oregon Department of Fish and Wildlife 


Corvallis Research Laboratory 
 


28655 Highway 34 
Corvallis, Oregon 97333 


 
Dams within the Willamette River basin have contributed to declines in spring Chinook 


salmon abundance. Traditionally hatcheries have been used as a means to mitigate the loss of 
Chinook production; however, managers have also begun to reintroduce Chinook above dams to 
provide them access to historical spawning and rearing habitat. We have genetically evaluated 
the reintroduction of Chinook above Cougar Dam on the South Fork of the McKenzie River 
from 2007-2014. Our past results have focused on assessing the demographic viability of the 
reintroduction program based on cohort replacement rates, as well as the efficacy of active 
transport methods. Here we share new results regarding genetic diversity within the 
reintroduction program, as well as preliminary evidence suggesting the existence of 
reproductively active adfluvial Chinook above Cougar Dam.  
 


We used microsatellite genotypes originally acquired for genetic parentage assignments 
among adults reintroduced above Cougar Dam to also determine if genetic diversity has been 
maintained within and among reintroduced cohorts and their F1 progeny (age-3 to age-5) that 
returned in 2010 to 2013. In all comparisons, the average number of alleles observed at each 
locus decreased between parents and offspring; however observed heterozygosity did not differ. 
Results suggest that the loss of many of the alleles between parents and offspring was likely 
driven by random genetic drift. We also assessed if natural origin (NOR) Chinook that were not 
originally produced above the dam, referred to as migrants, contributed new genetic variation to 
reintroduced cohorts. We found that migrants in 2012 and 2013 helped to restore genetic 
variation lost between parents and offspring, as well as contributed new genetic variation not 
previously observed in the reintroduction program. Our results suggest that gene flow from NOR 
migrants and/or additional hatchery origin Chinook outplants will be vital to the genetic viability 
of this reintroduction program, once immediate demographic limitations (i.e. estimated cohort 
replacement rates are well below one) have been resolved. 
 


Over the past seven years we have assembled two adult-adult and four adult-juvenile 
genetic pedigrees. Among the adult-juvenile pedigrees the average annual percent of offspring 
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missing at least one parent was 22%, which is surprisingly high because we have sampled 99.8% 
of all adults reintroduced, and genotyping error rate was low (2%). Interestingly, the average 
percent of offspring missing mothers (13.2%) was nearly double that of offspring missing fathers 
(7%). Using the exclusion algorithm of Christie et al. (2011), we inferred the existence of 
sexually mature adfluvial Chinook residing above Cougar Dam through grandparent-
grandoffspring genetic relationships. Preliminary results suggest that precocial and adfluvial 
males (age-1 to -4), as well as adfluvial females (age-3 to -4) reside above Cougar Dam because 
the number of observed grandparent-grandoffspring trios that matched at all 11 loci for each 
comparison was greater (23 ± 21, mean ± S.D.) than what would be expected by chance (8 ± 5). 
We will next experimentally verify putative grandparent-grandoffspring trios by genotyping 
candidate individuals at five additional genetic loci.  
 
Reference: 
Christie, M.R., Marine, M.L., and Blouin, M.S. 2011. Who are the missing parents? 
Grandparentage analysis identifies multiple sources of gene flow into a wild population. 
Molecular Ecology 20(6): 1263-1276. 
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“Pathogen Risk to Bull Trout Populations and Reintroduction Efforts in the Upper Willamette 
Basin” 
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Bull trout populations in the upper Willamette River declined in the past century, and a 


coordinated interagency recovery effort has been underway since the 1990s.  A major component of 
this effort has been a reintroduction program beginning in 1993 that included head-start rearing at 
Leaburg Hatchery in 2007–2013.  High mortality occurred among bull trout in captivity in 2013, and 
the surviving fish showed a high incidence of physical deformities.  Furthermore, monitoring data has 
indicated some unexplained declines and continued low spawning abundance in the donor population.  
In 2014, we conducted a study to assess factors adversely affecting early survival of bull trout in the 
hatchery and in the donor population.  This included use of x-ray imagery, necropsy, and histology to 
document pathogens and related changes in groups of bull trout including: the remaining fish from 
2013, preserved mortalities from 2012 and 2013, specimens brought directly from the donor 
population in 2014, and specimens reared at Leaburg Hatchery in 2014.   


Bull trout reared in the hatchery in 2013 and 2014 exhibited various skeletal deformities, such 
as severe kyphosis and fusion of vertebrae.  Histology of these fish revealed heavy infections by 
metacercariae of the trematode parasite Nanophyetus salmincola directly associated with the lesions.  
In contrast, juvenile bull trout brought directly from the spawning tributary were not infected and 
appeared normal.  To assess risk of parasites and other pathogens to bull trout in the wild, we 
conducted distribution surveys for Juga snails (the obligate first intermediate host of N. salmincola) 
and began an ongoing effort to deliver surrogate fishes and bull trout incidental mortalities to the 
ODFW Fish Health Laboratory at OSU.  Our survey thus far has indicated that bull trout spawning and 
early rearing tributaries in the basin are located upstream of reaches where Juga snails occur.  N. 
salminicola is commonly seen in other salmonid species without associated obvious skeletal 
deformities in watersheds that are warmer and endemic for the infection in Oregon.  It is plausible that 
when bull trout encounter the infection that it is more pathogenic, as bull trout have not co-evolved 
with the parasite.  Moreover, parasites such as N. salmincola may contribute to higher mortality among 
juvenile bull trout that move downstream too early.  Results from our investigations hold implications 
for bull trout reintroduction efforts.  The water supply and treatment systems used for captive rearing 
must effectively limit exposure to parasites such as N. salmincola that may periodically occur in the 
water supply and may survive passage through some sterilization systems.   
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The U. S. Army Corps of Engineers (USACE) completed construction of Fall Creek Dam 


in the fall of 1965. Water impoundment began in January 1966, after the Oregon Game 
Commission chemically treated the reservoir area and tributaries to eradicate rough fish.  Fall 
Creek Dam included upstream and downstream fish passage facilities.  An evaluation of the fish 
passage facilities conducted by the Fish Commission of Oregon (1966-70) determined the 
emigrant passage facilities were ineffective, but noted large numbers of juvenile salmonids 
migrated from the reservoir using the regulating outlet (Smith and Korn 1970).  From 1968-77 
the reservoir elevation was lowered to streambed to facilitate fish passage and survival.  This 
resulted in annual returns of spring Chinook from 1,000 - 4,500 fish.  Following the change to 
current operations, annual returns ranged from 90-500 fish with an average of around 200.  
Changes in reservoir evacuation schedule beginning in 1977 are implicated with the smolt 
mortality and adult return problems observed at Fall Creek since 1980 (Downey 1992).  Downey 
(1992) showed a 30% improvement in survival for juvenile outmigrants under low flow and low 
head conditions.  In 2007, the USACE lowered Fall Creek Reservoir from elevation 728 ft. 
(minimum conservation pool) to elevation 714 ft. to complete required maintenance on the intake 
structure.  This operation was repeated in 2008-09.  In 2010, the reservoir was lowered to 690 ft. 
to improve passage survival for outmigrating fish.  In 2011-14, the USACE lowered Fall Creek 
Reservoir to elevation 680 ft. which resulted in a complete drawdown to streambed.  Lowering 
Fall Creek Reservoir to 714 ft. has resulted in returns of 332- 540 Chinook.  This presentation 
summarizes data collected during the 2014 season on adult returns and juvenile downstream 
passage associated with reservoir operation and drawdown.   
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UPPER WILLAMETTE RIVER SPRING CHINOOK SALMON ABUNDANCE, 
DISTRIBUTION AND SURVIVAL 
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We surveyed major eastside tributaries of the upper Willamette River in 2014 to count 
Chinook salmon redds and collect carcasses in river reaches above and below USACE project 
dams. The goal of this project was to characterize spawning by Chinook salmon, considering the 
influences of hatchery and dam operations for reaches below projects and upstream fish passage 
for reaches above projects. Ultimately the intent is to inform hatchery management, fish passage, 
and effectiveness monitoring decisions. Our objectives were to conduct monitoring necessary to 
address viable salmonid population criteria (VSP: Crawford and Rumsey 2011), especially fish 
abundance, distribution and diversity, and to support other ongoing research and monitoring 
efforts in the watershed. Spawner abundance estimates in individual reaches were derived using 
the peak redd count expansion method. Carcass data including location, sex, size, spawning 
success, natural- vs. hatchery-origin, and presence of other marks or tags were recorded. 
Biological samples including scales, otoliths and DNA were obtained from carcasses to allow 
estimates of age structure of natural- and hatchery-origin fish, validate identification of natural-
origin fish, and continue development of a specimen archive in support of ongoing and future 
research. Analysis of the 2014 scale, otolith and DNA samples is ongoing. 


Spawning ground surveys and carcass sampling efforts were successful in 2014. Redd 
counts and, by extension, spawner abundance estimates were generally similar to those observed 
in recent years in all subbasins below project dams (Table 1). Above project Dams, recent 
changes in outplanting procedures in the North Santiam subbasin were successful in increasing 
spawner distribution. In the South Santiam subbasin fewer than expected natural-origin fish were 
outplanted above Foster Dam. Fewer than desired natural-origin fish returned to Cougar Dam on 
the South Fork McKenzie River and the population above Cougar Dam was supplemented with 
hatchery fish. Estimates of prespawning mortality (PSM) were generally low to moderate in 
important spawning reaches above and below project dams except in the Middle Fork Willamette 
where PSM rates below Dexter Dam, in Fall Creek and in the Middle Fork above Hills Creek 
Dam were high. 


Table 1. Draft preliminary data from spring Chinook salmon spawning ground surveys in 
the upper Willamette subbasins in 2014. “CL” and “UNCL” refer to counts of adipose-clipped 
and non-adipose-clipped carcasses. The results of otolith analyses in 2013 (2013 OTO Mark) 
were used because data from 2014 are not yet available. The estimated proportion of hatchery 
origin spawners (pHOS) was derived by adjusting the counts of clipped and unclipped carcasses 
using the proxy otolith data. Spawner abundance of natural-origin spawners (NOS) and hatchery 
origin spawners (HOS) was obtained by parsing the expanded peak redd count (peak redd * 2.5 ~ 
number of spawners) using the estimate of pHOS. “PSM” indicates pre-spawning mortality and 
was obtained by examining female carcasses with “SP” indicating the number of female 
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carcasses with less than 50% of the eggs remaining and “UNSP” indicating the number of female 
carcasses with more than 50% of the eggs remaining. 


 


 


2013 
OTO 
Mark


CL UNCL % H W pHOS NOS HOS SP UNSP %
Below Minto 404 136 87 8.2% 143 80 64% 362 648 87 38 30%
Minto - Big Cliff 80 0 11 8.2% 1 10 8% 184 16 6 1 14%
Breitenbush 79 68 0 8.2% 68 0 100% 0 198 31 1 3%
NSNT Above Detroit 119 141 1 8.2% 141 1 99% 2 296 46 5 10%


Below Foster 551 106 150 7.6% 117 139 46% 746 632 127 34 21%
SSNT Above Foster 62 0 63 7.6% 5 58 8% 143 12 20 9 31%


Below Leaburg 187 144 33 19.0% 150 27 85% 71 397 69 26 27%
Leaburg - Cougar 297 38 66 5.2% 41 63 40% 447 296 58 1 2%
Abv SFM 237 5 23 5.2% 6 22 22% 461 131 13 0 0%
SFM Abv Cougar 248 32 4 5.2% 32 4 89% 65 555 20 0 0%


Below Dexter 25 56 51 14.2% 63 44 59% 26 37 7 41 85%
Fall Cr 24 3 29 0.0% 3 29 9% 54 6 5 12 71%
NFMF 140 80 1 14.2% 80 1 99% 4 346 84 10 11%
Above Hills Cr 83 105 4 14.2% 106 3 97% 7 201 5 56 92%


PSM
Estimated 
Spawner 


Abundance


Estimated H & W 
Carcasses


Carcasses
ITM Reach


Peak 
Redd 
Count
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Pacific Lamprey Translocation above Fall Creek Dam 


Bryan Fendall 


The Confederated Tribes of Grand Ronde  


The Confederated Tribes of Grand Ronde are in the second year of a ten year Pacific 
Lamprey translocation project.  The initial goal was to determine whether adult Pacific lamprey 
can successfully spawn in Fall Creek after being translocated from Willamette Falls.  The second 
goal is to determine whether lamprey above the reservoir will lead to migrating adults being 
attracted to the catch facility at the base of the Fall Creek dam. The third goal is to determine 
whether a self-sustaining population of Pacific lamprey can be re-established above a flood 
control structure.  We are making great progress towards answering these questions as well as a 
number of new ones that have surfaced. 
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The U.S. Geological Survey (USGS) monitored sediment transport related to short-term 
operational drawdowns of Fall Creek Lake during the fall and winter of water years (WY) 2013-
2015. The station on Fall Creek (approximately 1 mile downstream of Fall Creek Dam) was 
monitored during all three seasons. The USGS deployed turbidity sensors and collected 
suspended-sediment samples before, during and after the drawdown operations. Regression 
models using turbidity and/or streamflow were developed to estimate continuous suspended-
sediment concentration and compute suspended-sediment loads. During the December 2012 
drawdown, the computed suspended-sediment load was 51,000 tons for 6 days.  During the 
December 2013 drawdown, 3,300 tons of sediment was transported in 5½ days. Preliminary data 
analysis suggests a sediment load of 25,000 – 35,000 tons in the 7½ days of the November 2014 
drawdown.  
 


Identifying trends in the suspended-sediment loads over the 3 years of USGS monitoring 
is difficult due to the extreme variability in weather conditions each year. The 2012 drawdown 
occurred during a dry period when temperatures were within normal ranges. In 2013, a fresh 
accumulation of snow and freezing air temperatures kept much of the sediment in the reservoir 
reach frozen in place. In 2014, the drawdown was interrupted by a period of increased 
precipitation that raised the elevation of Fall Creek Lake.  Elevated turbidity representing 
increasing sediment loads subsided as the lake elevation increased during the precipitation 
events.  Turbidity and sediment transport then increased as the lake elevation dropped below 
690-ft, resulting in two short-term high sediment load events over a period of seven days for the 
2014 drawdown. Results from the three years of monitoring suggest that variability in hydrologic 
and climatic conditions plays an important role in sediment transport during operational 
drawdowns in addition to sediment supply in Fall Creek Lake. 
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